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ABSTRACT

This thesis consists of a series of internationally published, peer reviewed,
journal and conference research papears that analyse the educational and training
needs of undergraduate Information Technology (IT) students within the area of
Computer and Network Technology (CNT) Education.

Research by Maj et al has found that accredited compuling science curricula

can fail to meet the expectations of employers in the field of CNT:

“It was found that none of these students could perform ficst line
maintenance on a Personat Computer (PC) to & professional standard
with due regard to safety, both to themselves and the eguipment.
Neither could they install communication cards, cables and network
operating system or manage a population of networked PCs 1o an
acceptable commercial standard without further extensive training,
It is noteworthy that none of the students interviewed had ever
opened a PC. It is significant that all those interviewed for this
study had successfully completed all the units on computer
architecture and commutlication engineering™ (Maj, Robbins, Shaw,
& Duley, 1998).

The students’ curricula at that time lacked units in which they gained hands-
on experience in modern PC hardware or networking skills. This was despite the
fact that their computing science course was level one accredited, the highest
accreditation leve! offered by the Australian Computer Society (ACS). The results
of the initial survey in Westemn Australia led to the introduction of two new units
within the Computing Science Degree at Edith Cowan University (ECU), Computer
Installation & Maintenance (CIM) and Network Installation & Maintenance (NIM)
(Maj, Fetherston, Charlesworth, & Robhins, 1998). Uniquely within an Australisn
university context these new syllabi require students to work on resl equipment,
Such experience excludes digital circuit investigation, which is still a recommended
approach by the Association for Computing Machinery (ACM) for computer
architecture units (ACM, 2001, p.97). Instead, the CIM unit employs a top-down



a'pproach based initiatly upon students’ everyday experiences, which is more jn
accordance with constructivist educational theory and practice.

These papers propose an aliernate model of IT education that helps to
accommodate the educational and vocational needs of 1T studenis in the context of
continual rapid changes and developments in technology. The ACM have
recogrised the need for variation noting that: “There are many effective ways to
organize a curriculum even for a particular set of goals and objectives™ (Tucker et
al., 1991, p.70).

A paossible major contribution to new knowledge of these papers relates to
how high level abstract bandwidth (B-Nade) models may contribute to the
understanding of why and how computer and networking technology systems have
developed over time. Because these models are de-coupled from the underlying
technology, which Is subject to rapid change, these models may help to future-proof
student knowledge and understanding of the ongoing and future development of
computer and networking systems. The de-coupling is achieved through abstraction
based upon bandwidth or throughput rather than the specific implementation of the
underlying technologies. One of the underlying problems is that computing systems
tend to change faster than the ability of inost educational institutions to respend.
Abstraction and the use of B-Mode medels could help educational models to more
quickly respond to changes in the field, and can also help to introduce an element
of future-proofing in the education of IT students. The importance of abstraction
has been noted by the ACM who state that:

“Levels of Abstraction: the nature and pse of abstraction in
computing; the use of abstrection in managing complexity,
structuring systems, hiding details, and capturing recurring patterns;
the ability to represent an entity or system by abstractions having
different levels of detail and specificity"{ACM, 1991b),

Bloom et al note the importance of abstraction, listing under a heading oft
“Knowledge of the universals and abstractions in a field" the objective:
“Knowledge of the major schemes and pattems by which

phenomena and ideas ere organized. These ars large structures,
theories, and generalizations which dominate a subject or field or
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which are quite generally used in studying phenomens and
preblems. These are the highest levels of abstmction and
complexity” (Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956,
p.203).

Abstractions can be applied to computer and networking technology to help
provide students with common fundamental concepts regardless of the particular
underlying technological implementation t¢ help avoid the rapid redundancy of a
detailed knowledpe of modern computer and networking technology
implementation and hands-on skills acquisition. Again the ACM note that:

“Enduring compuling concepts include ideas that transcend any
specific vendor, package or skill set.. While skills are fleeting,
fundamental concepts are enduring and provide long 'asting benefits

to students, critically imponant in a rapidly chenging discipline”

(ACM, 2001, p.70)

These abstractions can also be reinforced by experiential leamning relevant
to comraercial practices. In this coiext, the other possibly major contribution of
new knowledge provided by this thesis is an efficient, scalable ard flexible model
for assessing hands-on skills and understanding of IT students. This is a form of
Competency-Based Assessment (CBA), which has been successfully tested as part
of this research and subsequently implemented at ECU. This is the firsl time within
this field that this specific type of research has been undertaken withir: the
university sector within Australia. Hands-on experience and understanding can
become outdated hence the need for future proofing provided via B-Nodes madels.

The three major research questions of this study are:

« Isit possible to develop & new, high level abstraction model for use
in CNT education?

¢ Isit possible to have CNT cwricula that are more directly relevant to
both student and employer expectations without suffering from rapid
obsolescence?

s Can an effective, efficient and meaningfu! assessment be undertaken

to test students’ hands-on skills and understandings?

vii



The ACM Special Inferest Group an Data Communication (SIGCOMM)
warkshop report on Compuler Networking, Curriculum Designs and Educational
Challenges, note a list of teaching epproaches: *... the more *hands-on’ |zberatory
approach versus the more traditional in-class lecture-based approach; the baftom-up
approach towards subject matter verus the top-down approach” (Kurose, Leibeherr,
Ostermann, & Ott-Boisseau, 2002, para.1).

Bandwidth considerations are approached from the PC hardware level and
at each of the seven layess of the Internationa} Standards Organisation (JSO) Open

Systerns Interconnection (050 reference model.

It is believed that this research is of sipnificance to computing education.
However, forther research is needed.
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CHAPTER1

INTRODUCTION

1.1 BPeseription

This thesis consists of a series of internationally published, blind peer
reviewed, refereed, journal and conference research papers that analyse the
educational and training needs -of undergraduate Information Technology (IT)
students within the area of Computer and Network Technology (CNT} Education,

These papers attempt to develop a model for university based IT education
that helps to accommodate the educational and vocational needs of students and the
needs of employers, within the specific context of continual and rapid changes in
CNT.

If these papers can be judged as contributing new knowledge in the field of
CNT cducation, one part of such a contribution would relate to the work an
abstraction, and specifically how abstract ‘Bandwidth-Node' (B-Node) models may
help in the evolution of a method of understanding of how and why CNT systems
have developed over time, and the way they are likely ta continue to develop in the
future. A key idea, here, is that by devising appropriate abstract models that can be
de-coupled from their underlying technology, which is subject to constant and ropid
change, the abstract model can help fo future-proof the student knowledge and
understanding of the ongoing and future development of CNT systems.

The de-coupling is achieved through abstraction based upon throughput
rather than the specific implementation of the underlying technology. In 1991 the



Association for Computing Machinery (ACM) noted the use of abstraction (ACM,
1991b, p.75).

Despite relatively early published observations about the potentinl of
abstraction, there has been very [iitle published work linking abstraction to the main
problem in CNT educatian. A core problem in CNT education is that CNT systems
tend to change faster than the ability of most educational institutions to respond
{Abelman, 2000; Naraymann & Neethi, 2001), Another major problem within the
field of CNT education is the need for students to have hands-on experience that
may support leaming and meet emplayer expectations, Thus, the papers in this
thesis have also aimed to develop an efficient, scalable and flexible model for
assessing hands-on skills and understanding of IT students. This is a form of
Competency-Based Assessment (CBA), which has been successfully tested as part
of this research and subsequently implemented at Edith Cowan University {(ECU).
This is the fiest time within this field that this specific type of research has been
undertzken in the Auvstralian university sector, and might also be judged as potential
new knowledge to the field of CNT education. However, hands-on experience and
understanding can quickly become outdated and hence the need for future proofing
provided via B-Node models. While further research needs to be undertaken it is

believed that this research is a potentially significant advance.

1.2  Underploning Framework

Professionzl acereditation is eritically important in computing science
education at university level. This is to fulfil the requirements of degree recognition
by professional bodies, for migration and skills recognition purposes, as well as for
mutual intemnational recognition of qualifications by international professional

bodies.

Computing science accreditation at university tevel is provided for within
Australia by the Australian Computer Society ACS (ACS, 2002), However, the
world’s leading organisation with respect to computer science education is the
Association for Computing Machinery {ACM), which is based in the United Statea

but has global membership, The ACM establish Joint Curricula Task Forces with
2



the Institute of Electrical and Electronic Engineers (ITEEE) Computer Society.
These produce extensive reports and recommerndations each decade for computing

curricula. They note that:

“Enduring computer concepts include algorithms, complexity,
machine organisation, information representations, modelling and
abstraction. Understanding these fundamenta! coneepts is essentizl
to the effective use of computer specific skills. While skills are
fleeting, fundamental concepts are enduring and provide long lasting
benefits to students, critically important in a rapidly changing
discipline” (ACM, 2001, p.70}.

The ACM also noted that “All computer science students must learn to
integrate theory and praclice, to recognize the importance of abstraction, and to
appraciate the values of good engineering design™ (ACM, 2001, p.12). Thus, the
use of abstraction should be an integral part of computer science education at

university level.

Within computer technology education the ACM suggests a bottom-up
appreach. Each level in the hierarchy uses a different abstraction. By example, at
the lowest current level digital techniques are taught via the abstraction of Boolean
algebra, At the next higher level combinational and sequential circuits can be
modelled as registers and functional blocks, However, due to rapid changes in CNT
it is recognised that 2 new high-level abstraction is now needed. Clements notes:

“While the knowledge base academics must teach is continually
expanding, only a fraction of that knowledge can be taught during a
student’s time at university. Consequently raising the level of
sbstraction” (Clements, 2000a, p.11}.

The development of such a new high level abstraction would have major
implications for teaching CNT. It should be noted that the transistor and associated
logic gate circuitry was originally taught as part of computing science hardware
units, but now the level of abstraction has been raised and the lowest level building
biocks considered are often logic gates or higher level abstract functional blocks
such as registers, adders, or memory (Cragon, 2000; Messmer, 1997; Stallings,
2003).



The first major research question addressed by this thesis is: Is it possible to
develop a new high level abstraction model for nse in CNT education? The model
arising from possible answers to this question is the B-Node model which allows
hierarchical, recursive decomposition through the progressive hiding of lower level
details. The model can also be self documenting. This model was vsed in this thesis
as a pedagagical foundation for teaching CNT and the results were eveluated and
published. One paper was presented at the ACM Special Interest Group in
Computing Science Education (SIGCSE) annuai conference (Maj, Veal, & Duley,
2001}, 2 cenference regarded as the premier conference on computer science
education. This research also resulted in p publication in the Joumal of Research
into Information Technology (JRPIT), the flagship research journal of the ACS
{Maj & Veal, 2000b; Maj, Veal, & R. Duley, 2001) and others (Maf & Veal, 2000a;
Maj & Veal, 2001; Maj, Veal, & Boyanich, 2001 Maj, Veal, & Charlesworth,
2000).

The second main research question addressed in these papers: Is it possible
to have CNT curricula that are relevant o both student and employer expectations?
Barneti notes that universities have had to face a “growing clamour from industry
for the graduates it employs to have more work-related skills” (Bamett, 1990,
p.158).

Despite the above, within the ACM Computer Curricula 1991 and 2001
guidelines, little mention is made of practical, employment relevant hands-on skills,
However, employers within the field of CNT have expectations that potential
employees should possess both the technical knowledge and the appropriate skills
to work effectively with such new technology. Research by Maj et al has found that
accredited computing science curricula can fail to meet the expectations of
employers in the field of CNT:

“It was found that none of these students could perform first line
maintenance on a Personal Computer (PC) 10 a professional standard
with due repard to safety, both to themselves and the equipment.
Neither could they install communication cards, cables and network
operating system or manage a population of networked PCs to an
acceptable commercial standard without further extensive traiming.
It is noteworthy that none of the students interviewed had ever



opened a PC. It is significant that all those interviewed for this
study hed successfully completed zll the units on computer
architecture and communication engineering” (Maj, Robbins et al,,
1998),

11 should be noted that the students’ curricula at that time lacked units in
which siudents gained hands-on experience in modem PC hardware or networking
skills, This was despite the fact that their computing science course was level one
accredited, the highest accreditatian leve! offered by the ACS. The results of the
initial survey in Western Australia led to the introduction of two new units within
the Computing Science Degree at ECU, Computer Installation & Maintenance
(CIM) and Network Installation & Maintenance (NIM) (Maj, Fetherston et al,,
1998). Uniquely, these new syllabi require students to work on real cquipment.
Such experience excludes digital circuit investigation, which is still a recommended
approach by the ACM far computer architeclure units (ACM, 2001, p.97). Instead,
the CIM unit employs a top-down approach based initially upon students® everyday
experiences, in line with canstruetivist educational theory and practice. In order to
minimise hazards to both students and equipment, strict working practices had to be
enforced in line with both employer expectations, and legal, and ethical and safety
requirements. In addition to an understanding of computer hardware, actual hands-
on experience is also required in many occupations such as Multimedia (Maj,
Kohli, & Veal, 1999), Information Technology (IT), and Information Systems {IS)
management {Gramignoli, Ravarini, & Tagliavini, 1999}, Demands for such
experience have come from students on computer science units as discovered from
feedback to student questionnaires (Maj, Fethersten et al,, 1998; Veal & Maj,
2000a; Veal, Maj, Fetherston, & Kohli, 1999). This has been confirmed by the
work in this thesis.

Introducing such hands-on skills led to the problem of how such skills and
understanding could be meaningfully assessed. Such assessment needed to be used
in units with around 100 stndents per semester. The assessments also need to be
verifiable and reproducible by different tutors to ensre consistent assessment
practices. This led to the formation of the third main research question, namely, can



an effective, efficient and meaningful assessment be undertaken to test students
hands-on skills and understandings?

Different forms of assessment have different strengths and weaknesses
{Ewin, 1991, Fleicher, 1992). A range of assessment methods were investipated
including the use of multiple choice questions, sometimes using images of PC
hardware (Brooks, 1999). Although multiple-choice questions can be usefiil in
assessing a range of understandings about hardware, they ave no substitute for
assessing the capacity of students to adequately cope with the real problems that

can occur with actual equipment.

While simulations can be useful, (Coe, Williams, & Ibbett, 1996; Reid,
1992; Searles, 1993) they can’t accurately reproduce all of the problems that ocour
with computer technolagy (Parker & Drexel, 1996), neither do they provide the
practice necessary fo develop relevant psycho-motor skills {Krathwohl, Bloom, &
Masin, 1964). Another form of assessment that has been considered was to require
students to assemble and test a PC (Heuring & Jordan, 1997, Hyde, 2000; Pilgrim,
1993; Utd, Lo, Sun, Daly, & Kawalski, 2000). However, this would invelve
devoting more time to workshop training than is currently available within the
university CNT curriculum. It would also result in considerable extra costs for

education providers.

In response to these investigations a new competency-based appreach o
student evaluation has been developed in this thesis that that could generate
meaningful results 1o students, lecturers and potential employers, Today, many
students desire education that will provide not only a theoretical understanding of
subjects that can help them in their present or future employment, but also a

practical understanding to help them gain a first position in their chosen career;

“...the predominant reason why they (students) have gone to
university was to get skills, knowledge and a gualification that
would assist them in either gaining employment or enhancing their
prospects for promotion or a more rewarding job™ (1596a, p.4).

However, up-to-date skills alone are not enough, and the ACM note that;



“A course that focuses enly on skills acquisition may be useful in

the short-run but will quickly become dated and of liftle benefit to

those who take it. Similarly, a class that addresses only abstract

ideas and general concepts may not provide the skills that students

need to make effective use of computing technology™ (ACM, 2001,

p.70%

Hence, the two major themes of this study are (1) the need for
understanding and (2) hands-on skills and their integration. However, this needs 1o
be coupled with overarching concepls and abstractions to aveid early knowledge

redundancy which requires a top-down approzch,

In the ACM SIGCOMM workshap report on Computer Networking:
Curriculum designs and educational challenges, Kurese et-al include in a list of
approaches: : *... the more *hands-on’ laboratery approach versus the more
traditional in-class lecture-based approach; the bottom-up approach towards subject

matter verus the top-down approach” (Kurose et al., 2002, para.1).

Research into overarching abstractions led to various publications {(Maj,
Veal, & Boyanich, 2001; Veal & Maj, 2001). Within a university level educational
context, research into a competency based approach for CNT is the first of its kind
within the Australian unjversity sector and has led to various publications such as
papers being presented at the annual ACM SIGCSE conference (Maj, Veal, &
Duley, 2001; Veal, Maj, & Duley, 2001), and a paper in the Australian Computer
Society’s (ACS's) flagship publication the Joumnal of Research and Practice in
Information Technology (JRPIT) (Maj & Veal, 2000c).



CHAPTER 2

LITERATURE SEARCH

2.1 Student and Employer Ddemands for Practical Skills

This impertant topic has been a subject of much debate with a long history,
{Abelman, 2000; Bacon, 1668; Bameit, 2000; Camoy, 1995; Dewey, 1916/1566;
Grubb, 1984; Jaspers, 1960; Maj, 2000; Mill, 1867; Newman, 1854; Russel],
1930/1960; Russell 1935/1966; Whitehead, 1932/1352; Wolf, 1955), The authors
noted are but a small selection of those that have written about this topic.

2.1.1 Computlng Science Accreditation

The Associstion for Computing Machinery (ACM) is arguably the world's
leading bedy in computing science course accreditation. Many other comparable
bodies such as the Australian Computer Society (ACS) and British Computer
Society (BCS) having accreditation schemes that are similar to the ACM within this
field.

The ACM recommend curricula to help ensure consistent national and
international standards, However, they recognise the need for variation noting that:
“There are many effective ways to organize a curriculum even for a particular set of
goals and objectives* (Tucker ¢t al., 1991, p,70), and that “Different undergraduate
programmes place different levels of emphasis upon the objectives of preparing
students for entry into the computing profession” (Tucker et al., 1991, p.72). The
ACM also note the need for abstraction:

“Levels of Abstraction: the nature and use of absiraction in
computing; the use of abstraction in managing complexity,
8



structuring systems, hiding details, and capturing recurring patterns;
the ability to represent an entity or system by abstractions having
different levels of detail and specificity” (ACM, 19913, p.75).

An Australian Government commissioned report by the National Board of
Employment Education and Training (NBEET) commenting on the recruitment of
new praduates also noted that employers:

“... recruit on the assumption that graduates have satisfied the
academic requirements of each institution, thus allowing them to
focus on the particular skills and attributes they believe are most
essential for the particular work envirenment. Generally, employers
emphasise skills and atiributes which are more difficult to evaluate
than academic skills” (NBEEB, 1995b, p.21).

An earlier Australian government repott had found that 50% of employers
surveyed Indicated that they used academic results as part of their criteria to select
new graduates, and only 36% used previous job experience (NBEER, 1992, p.14),
Academic skills were apparently considered more important by many employers,
Significantly, however, an A. €. Neilson report commissioned by the Australian
govemment noted with respect to the skills of new graduatw.that: “In regard ta
course content we found very few complaints by employers except in regard to
mote advanced areas of information technology and elestronic communications™
{(Neilson, 2000, p.9). These are the areas vital to the new economy and are arsas of
high importance to future employment growth.

Yet another Australian government commiissioned repert noted that:
“Emnplayers expect graduates to be able to apply the theoretical applications they
have been taught to practical tasks over time” (Deloitte Touch Tohmatsu, 1995,
p.28). Such expectations lead to the questions such as: what appropriate skills
should be taught in Computer and Network Support (CNS} units?

2.1.2 CNS skills

Computer and Network Support (CNS} skills could be defined as the skills

required for effectively designing, commissicning and managing computer and



computer networking systems, This could involve troubleshooting, upgrading, and
evaluating systems as well dealing with users. Goldsworthy notes that skill;

“... refers to a person's ability to do something well. It relates to
expertness, § practiced ability, a dexterity in performing a task. i is
an outcome that flows from knowledge, practice, inherent abilities
and an understanding of the task to be performed”. {Goldswotihy,
1993, p.133).

There has been a significant demand from employers for students with skills
and knowledge in CNS (Beesan & Gay, 2000; Maj, Fetherston et al., 1598;
Naraymants & Neethi, 2001}, This has manifested itself as a need not solely for
theoretical skills but also for accompanying hands-en skills and experience in these
fields. This has been reciprocated by a student demand for employment relevant
education (Abelman, 2000; Grubb, 1984; Maj, Robbins, Shaw, & Duley, 1997).
Ramsden notes that lecturers’ expectations of students include the application of:
“tdeas leamt in formal classes to the world outside the classroom™ (Remsden, 1592,
p-38) and that:

“Many students can juggle formulse and repreduce memorised
textbook kmowledge while not understanding their subjects in a way
that is helpful for solving real problems” (Ramsden, 1992, p.38).

Taday's graduates are expected to be effective when they first enter their
profession (Dunn & Carson, 1998). A situation that prompis Carson to ask:

“Does the current system produce people who are ‘essay-processing
machines'? Is the student who writes the best examination paper or
the best essay the one who is best prepared for their chosen
profession?” (Carson, 1997, p.152).

High emphasis placed upon academic rather than practical qualifications can be

restll in qualification spirals,

2.13 Qualification Spirals

Qualification spirals can result from *academic drift’ in which courses
atiract higher ‘prestige’ by moving towards greater academic skills at the cost of

practical skills (Wolf, 1995). Despite the need {or more employment based skiils,
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qualification spirals have been an issue with hands-on practicat skill provisian

within many occuzpations, Wolf argues that:

“Once qualification spirals have started they tend to be self fuelling
for a long time. The more occupations become graduate entry, the
more others feel under pressure to do so - to altract good entrants
end for reasons of status and self-respect. And the more this happens
the more individuals feel that they must obtain degrees™ (Wolf,
1995, p.39),

Whilst Pryor and Schaffer state that:

“It is often argued that as a result of skill based technical change;
many particular occupations require increasingly more knowledge
and thus more education. ... Nevertheless, the average education of
those in particular occupations may increase because of credential
creep, & phenomenon independent of job performance or
requirements” (Pryor & Scheffer, 1999, p.43).

They distinguish between these two situations referring to them respectively as
‘upskilling’ and ‘upgrading’ (Pryor & Schaffer, 1999},

2.1.4 Results of Qualification Spirals

Spiralling qualification requirements have led to some unexpected results,
Prycr and Schaffer, from a U.S. labour market perspective, note that:

.. contrary to cenventional wisdom, fewer jobs for prime-age
workers with high levels of education have opened up than those
possessing the requisite educational requirements. At the same time
mote jobs have opened up for those with fewer occupational
qualifications. As a result, an important downward occupational
mobility has taken place, so that workers with more education are
displecing those with less education. That is, the more edneated

- workers are holding jobs for which sthey are educationally
overqualified and, as a result, much of the educational upgrading is
apparent rather than real” (Pryor & Schaffer, 1999, p.45).

Rumberger has noted that: “There is a large discrepancy between the level
of education achieved by an increasing number of Ametican workers and tha

educational requirements for their jobs” (Rumberger, 1983, p.2).
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215 Summary

A case may be made that there is employer demand for practical hands-on
skills and experiences from graduates. Despite this, there is a tendency for courses
to became more academic and less practically relevant, There has also beena
tendency towards qualification spirals resulting in higher academnic requitements
than those strictly necessary to perform actual job functions. However, should
niversities provide employment relevant skills and education or should this be left
to the institutions set up for such purpeses within Australia, namely the
vocationally orientated Tertiary and Futther Education (TAFE) system?

2.2 Higher Education, Vocational Education and TAFE

Within Australiz TAFE is the thain provider of vocational education. These
institutions, and those in the Further Education {FE} sector in the UK, are the
descendents of ihe nineteenth century mechanics institutes designed to provide
waork related technical education and training.

2.2.1 Yocationallsm

Vocationalism asserts that the primary focus of education is vocation.
Winch and Gingelf state that: “Vocationalists maintain that the main aim of
education, at least for some students, is to prepare them for employment” {Winch &
Gingel, 1999, p.246). They also note that vocationalism should not be canfused

with instrumentalism because:

“Instrumentaliy-orientated education sees it as & imeans te an
extrinsic aim. Many liberal educators see the aim of education as
intrinsic, that is, its pursnit is a self fulfilling aim, valuable in its own
right.” (Winch & Gingell, 1999, pp.116-117).

The ACM also note that; *One important aspect of the complete curricuinm
involves the study of professiona] practice” (ACM, 2001, p.5). Non-vocationally
specific university education has is critics as noted by Kolh:
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“Finally there is 1 marked trend toward vocationalism in higher
education, sputred on by a group of often anpry critics - students
who feel cheated because the career expectations created in college
have not been met, and employers who feel that the graduates they
recruit into their orpanizations are woefully vnprepared” (Kolb,
1984, pp.6-T),

Vocationalism is at odds with ideas of liberal education. Bagnel notes that
with respect to the ideas of liberal education and knowledge required for

eroployment in the nineteenth century:

“... advocates of this liberal education saw a clear difference
between these two types of knowledge. The later was justified by its
leading to practical results such as the building of a piece of
fumniture or a steam engine The other was & self justifying end in
itself ,,.” (Bagnall, 200, p.462).

A disassociation between education and employment criteria has long been
a cause for concem as shown by the follawing extract from a letter to King James
1* of England from Francis Bacon writfen in 1611;

“... they find want in the towns both of servants for husbandry and
apprentices of trade; and on the other side there being more scholars
bred than the state can prefer and employ, and the active part of that
life not bearing a proportion to the preparative, it must needs fall out
that many persons will be bred unfit for other vocations and
unprofitable for that in which they are brought up™ (Bacon, 1668)
cited in (Cressy, 1975, p.24).

Such an argument could be perceived to be based upon efficiency. Shepard notes
that:

“For John Franklin Bobbit, a leader in the social efficiency
movement, a primary goal of curricnlum design was the elimination
of waste {1912), and it was wasteful to teach people things that they
would never use.” (Shepard, 2000, p.4).

However, such criticism could also be levelled at much employment
relevant education and training if it is not subsequently utilised,

Barnett states that vocationalism has its own idealogy, noting that:

13



“Vocationalism is not as value-free as it would pretend, It is an
ideolagy representing the interests of corpotatism, of economy and
of profit. Vocationalism asserts the desirability of a fit between
higher education and the world of work and of gradvates being
enterprising in it. Consequently vocationalism drives up the value of
the world of work as such” (Bameit, 1994, p.68).

Carmoy notes, with respect to the rapid changes in information based
econemies, that:

“.with the increase in the velocity of these changes, the
vocationally educated wilt probably become increasingly penalised —
governments that invest heavily in vocational education could be
burdening their labour forces with relatively greater inflexibility™
(Camoy, 1995, p.214).
Echaes of vocational debate in higher education occasionally reach the popular
press with comments such as those by the social commentator and critic Hugh

Mackay who notes that in the view of many parents:

“... in an increasingly competitive world, education and
qualifications (meaning in this context, technical qualifications) are
the most effective passport to the emotional and financial rewards of
secwre employment” (Mackay, 2001, p.18),

Grubb adds & note of caution stating that:

“Vocational education has been prone to rhetorical inflation,
especially in the claims that it can reduce unemployment and
poverty, increase productivity and reduce inflation, and improve our
international competitiveness" (Grubb, 1984, p.443).
Grubb notes that there are reasons for unemployment other than merely a lack of
appropriate education and training, adding that: “The problems with such claims is
that they miss the real sources of economic problems and then promise more than
vocationat programs can possibly deliver” (Grubb, 1984, p.443). However,
universities have had to face a “growing clamour from industry for the graduates it
employs to have more work-related skills” (Barnett, 1990, p.158). Grubb also notes
that:

“In the case of High-Tech vocational edvcation, much larger forces
drive educators, students, businesses sud social commentators to call
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for a renewal of pur ‘human resources®... And finally it claims to
simultaneonsly serve the *hand’ and the ‘mind’, the prectical and the
abstract, the vocational and the academic™ (Grubb, 1984, p.451).

Yet a perceived lack of vocational relevance in some university progrumns,
even in areas such as computing science, has prompted Nwana to note that: "some
employers seem to distrust computer science qualifications™ (Nwana, 1997).
Cervero has noted that practicing professionals find knowledge acquired from

practice more useful that that gained through farmal education (Cervero, 1992).

The OECD has noted that:

“The need to increase employment and social relevance of university
first-degree programmmes is mentioned by most member countries as
a major censideration in many proposals and actual reforms of the
structure and content of university studies. Despite this commion
concern there is no consensus on how this objective should be
translated into practice” (OECD, 1983, p.95).

The predominant reason stndents undergo university education is to
improve employment prospects (Campus Review, 1996) and students have noted
the importance of the ability to apply knowledge in the workplace (Kelly & Else,
1996). However, a university is today seen by many as a required form of education
or training for a vocation as indicated by the findings of Brown v. Secretary of
State for Scotland 1988 legal case (De Lacey & Moens, 1990, pp. 34-36).

The legal position of the university in England was historically undefined.
Hailsbury’s Laws of England stated: “*A university is nowhere legally defined. The
term is usttally understood to be a hody incorporated for the purpases of learning”
(Hailsbury, 1935). Whilst Whitehead has noted the initial work related reasons
given for university establishment, stating that:

“In England at Cambridge, in the year 1316, a college was founded
for the special purpose of providing ‘clerks for the King's service’,
Universities have trained clergy, medical men, lawyers, engineers
..." (Whitehead, 1932/1962, p.138).

Reeves also notes that:
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The universities were a product of the particular conditions of
medieval society in Westemn Europe. They took their instittional
formns from ity they provided the elite which developed the church
and state” (Reeves, 1968, n.82).

A warning on where the high value of work relevant skills in 2 modem
university context might lead is sounded by Barnett who notes that it could result in
learning: “being dominated by technique; and that the techniques are imported from
the outside world and are imposed arbitrarily upon, and unconnected with the
curriculum™ (Bamett, 1990, p.159). This point is enlarged upon by Pham who states
that:

*“... it would be feolish not to recognise the benefits and innovations
resulted from new knowledge and research, and to expect that new
generations of students should only be imparted with sufficient skills
to enable them to find some employment” (Pham, 1958, p.152).

Jaspers takes the view that what should distinguish university from non-
university education is the primacy of research stating that: *“Above all, teaching
vitally needs the sustenance which only research can give it” (Jaspers, 1960, p.58).
Noting this is not for reasons of economic expediency or to enable researchers to do
their research but that only the research worker can communicate the knowledge of
discovery, He adds that: “QOthers only pass on a set of pedagopically arranged facts.
The university is not a high school but a higher institution of leaming™ (Jaspers,
1960, p.58).

Furthermore, the financial cost entailed in providing students with
employment relevant, practical, up-to-date vocational training and experiences can
be high (Lei & Rawles, 2003). Grubb notes that:

“Vocational education has always been plagued by the problem of
keeping up with changing production methods and techniques...
Moreover, in the case of hi-tech vocational programs because
hardware and software change so rapidly and because hardware
costs are ofien high” {Grubb, 1984, p.445).

To which could be added the high cost of failing to take part in these changes. The
non university tertiary sector now also attracts many graduates. Notably, there are
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more university students going on to TAFE than TAFE students going on to
university (Dorrance & Hughes, 1996).

Commenting on tertiary education within Australia Pham notes that:

“Employability was seen as a by-product of a university degree.
Research played a major part, if not the most important part in the
role of universities. Vocational waining was left to colleges of
advanced education or TAFEs, This elite view of universities has
gradually been eroded as external forces demand their activities to
be more accountable to the outside world” (Pham, 1996, p.152).

It is perhaps highly significant that Dorrance and Hughes state that:

“Australia wide, 468,000 young men and women aitend TAFEs
while nearly 600,000 attend universities... In rough terms, Australia
has more studenis at wniversity than in TAFEs though managers,
professionals and para-professionals only represent 30 per cent of
the labour foree” (Dormrance & Hughes, 1996, p.52).

Some universitics have themselves introduced emplayment based education
into some of their units {Cisco, 2001; Naraymann & Neethi, 2001). The Dawkins
higher education policy statement noted that;

“In the past institutions have not paid much attention to employers’
views about course design and content. On the other hand employers
have complained of a lack of relevance of courses to their needs,
while taking little action to address the problem. That madel is
unsatisfactory for both higher educational institutions and
employers... * (Dawkins, 1988, p.66).

Fram the USA, Gay and Beeson note that a certificate curriculum was in
place within a year of the results of an employee needs survey and that they: “...
surveyed its local business and service sectors to discover that computer systems
support was the most frequently stated employee need” (Gay & Beeson, 2001, p.3)
This finding is in line with those from Maj in Western Australia (Maj, Fetherston et
al., 1998).

The ACS mission statement includes the need: “Te promote, develop and
manilor competence in the practice of information technalogy by petsons and
organizations” (ACS, 2001). When applied to education and training the common
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feature is that: “competencies are about being able to do things” (Hillier, 1997,
P-33), which means that having a population possessing necessary competencies, is
of intemational significance (OECD, 2001).

2.2,2 Education and Training

The introduction of relevant employment-based experiences into a
university setting constitutes the entry of work-based requirements into higher
education. Finn has noted the convergence of education and work:

“Traditional notions of seperation between education and work,
especially the notion of a ane-off petiod of education followed by
employment, will be replaced by an integrated concept of work
intertwined with lifelong leaming, commencing with post-
cempulsory, education and training” (Finn, 1991, p.5).

The notion of training can be seen by some in contradistinction to
education. Hillier notes that: “Traditional forms of education have been concerned
with the process of acquiring knowledge, training has concentrated on assessing if
people can do something” (Hillier, 1997, p.33). Furthermore, meaning atizched to
training can also vary as training can also be regarded as acquisition of attitude
{Goldstein & Gessner, 1988). Campanelli el al further note the unclear boundary
between education and training {Campanelli, Channel], McAulay, Renouf, &
Thamas, 1994).

Fisher and Rubensen note that:

“The education verus training labels will no longer characterize the
binary structure of the postsecondary sector as in the past ... as
universities take on more respensibility for taining the highly
skilled technical emplayees in, for example, computer science, and
for retraining professionals” (Fisher & Rubenson, 1998, pp.93-94),

Under a heading of “Education v Training " applied to the area of
Compuiing Science, Denning notes that:



“Leamning the professional practices of 2 specialty of information

technology is every bit as important as learning the intellectual core

of computing, The mark of a well-educated professional will be a
balance of the two, eamed perhaps through partnerships and training

companjes. The current academic inclination to distain skill-specific

training does not fit a profession” (Denning, 1928, p.17).

Jesson distinguishes between Professional and Industrial Training in table 1.

Table1 Professfonal Tralning and Industrial Training (Jesson, 1997, p.352)

A Comparison of Professional Training and Industrial Training

Profession Industry Treining
Broad knowledge Narrowly focused training
: usuaily supplemented by | emphasis on learning the
Nature of education applicd field-based skills of the craft in the
practice field
Choice Qualification chosen by | Training chosen by
individual employer
Recognition of effective
praciice through Recognition of effective
Regulalion/Registration standards endorsed by standards set by ITO and
external professional signified by employer
council
Further education a PV
: . Up-skilling linked to pay
Ongoing developments professmp al expectation. increments or job
May be linked to salary iMprovements
striictures P
Supply factors Career choices Apprentice/Traineeship
offers
Lead time for change Long lead time Shorter lead time
Locus of control Profession — Educational | Employer — Enterprise




When discussing professional training courses Esnault noted that: *... they have
often changed their nature and have tended to lengthen and become more
academic™ (Esnault & Le Pas, 1974). Hall also notes this phenomenon of upward
academic drift caused by professional and trade bodies seeking increased
‘respectability’ (Hall, 1993, p.7). Wolf observes that once courses are established
these is a tendency for academic drift within them and that qualifications within
academic institutions tend to be academic qualifications because it is what staff
know about {Wolf, 1995).

Modem requirements may not convenicntly fit within the older subject
demarcations, and Smsll comments upon the impartance of coaperation between
disciplines in making curricula relevant to modem society and business (Small,
1999},

2,23 Summary

There is an overlap between education and training. It may be concluded
that there is a strong demand from students for employment relevant education and
also that professional practice is important in IT, as well as intellectnal
development. New knowledge requirements are likely to cross traditional subject
boundaries. The primacy of the research role of the university is seen by some as a
distinguishing feature. Furthermore there appears to be a tendency amengst some
academics to distain skill specific training, Up to date hands-on relevant retraining
can be expensive as well as liable to rapid change, Increasingly, university
graduates find it necessary to undergo training at TAFEs to gain job relevant skills
and qualifications, The fact that there are more university students going on to
TAFE than TAFE students going on to university raises the issue of what forms of
knowledge should be tzught at university level? This also poses questions about
different forms or types of knowledge. The role of the university has been and still

continues o be an issue of contention.
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23  Forms of Knowledge

The inclusion of employment relevant knowledge and skills into university
curricula raises the issue of their effective appraisal, This can involve assessing
both hands-on skills and theoretical understanding, which in turn leads to questions

of the different types or forms of knowledge:

“Epistemologists disagree ebout how many different types of
knowledge there might be, but two have atiracted most analysis, the
first being propositional or informational knowledge - ‘knowing
that', and the second “kniowing how’ or compstent performance.
(Bennet, Dunne, & Carre, 1999, p.72).

2.1.1 Integration of Practical and Theoretical Knowledge

Moelnnis et ¢l note the importance of integrating practical and theoretical
knowledge to reduce non cempletions by undergraduate studies (Mcnnis, Hartley,
Polesel, & Tesses, 2000), Whilst Eruat notes that: “there is continuing pressure
within higher education for thecry to be situated within the context of discipline-
based professional knowledge* (Eraut, 1595, p.171). This poses the question of
how to integrate practical and theoretical knowledge and what conslifutes their

essential difference?

2.1.2 Knowlnp-How and Knowing-That

The philosepher Gilbert Ryle devoted an enfire chapter both titled and
devoted to “knowing-how and knowing-that”. He noted:

“Theorists heve been preoccupicd with the task of investigating the
nature, the source, and the credentials of theories that we adopt that
we have for the most part ignoved the question what it is for
someone to know how to perform tasks, In ordinary life, on the
contrary, as well as in the special business of teaching, we are much
more concerned with people’s competencies than with their
cognitive repertoires, with the operations than with the truths that
they [eam™ (Ryle, 1949/1963, p.28).
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However, Bamett is critical of the use of this example. He notes:

“Ryle’s text has re-smerged o serve a purpose, to bolster a
particular cause, Whether read or not the suppositions that {for
example, in distinguishing knowing-that from knowing-how) Ryle
has some how written & text that legitimises high marks for
performance” (Bamett, 1954, p.176).

Ryle uses the case of a boy learning chess noting:

“It should be noticed that the bay is not said to know how to play, if
all he can do is recite the rules accurately. He must be able to make
the required moves. But he is said to know how to play if, although
he cannot cite the rules, he nomally does make permitted maoves
and protest if his opponent makes forbidden moves. His knowing -
how is exercised primarily in the moves that he makes, or concedes,
and in the moves that he gvoids and vetoes. So long as he can
observe the rules, we do not care if he cannot glso formulate them™
(Bamett, 1994, p.41).
Brown takes issue with this idea and notes a case where such assumptions of

‘kmowing-how" are not so readily assutned. He notes:

“As 1o behavioural or performance criteria, on the other hand, no

type of performance not involving formulations of the fact is

uniguely relevant. There is only an indefinitely wide variety of

actions, corresponding to & wide varety of intentions, matives,

desired and the like of which the fact in question would make the

action appropriate” {Brown, 1971, p.246),
The thrust of this thesis is emphasised by Ryle's ideas of combining knowing-how
and knowing-what, pamely, the combination of practical experiences with
theoretical understandings. Knowing-what is used interchangeably with knowing-
why, or knowing-that. Both fraditional assessment methods and competency-based
spproaches may be required in today’s education. Young notes: “What our
education should be is a balance between the vocational and the academic, between
the theoretical and the pragmatic, between knowing how and knowing that™

(Young, 1984, p.14) cited in (Wellingtott, 1984, p.39).

Knowing-how and knowing-that and when to apply kmowledge have also
been described in terms of Declarstive, Procedurat and Conditional knowledge.



2,3.3 Declarative Procedural and Conditional knowledge

These terms arise fiom a cognitive perspective to leaming (Woodfolk,
1998} who alse notes that Declarative knowledge is *... ‘knowing that* something
is the case” (Woodfolk, 1598, p.284). Whilst Farnham-Diggory describes
declarative knowledge as:

“_.. knowledge that can: be declared, usually through words , through

lectures, books, writing, verbal exchange, Braille, sign language,

mathematical notation, and so on" (Famham-Diggory, 1994, p.468),
Woodfolk describes: "Procedural knowledge is *knowing how' to do something
such as divide fractions or clean a carburetior - procedural knowledge must be
demonstrated” {Woodfolk, 1998, p.284).

Declarative and procedural knowledge are included by Anderson in a list of
educational learning objectives (Anderson et al., 2001, p.28). The need for the
integration of declarative and procedural knowledge is also noted by Paris, Lipson,
and Wixson (1983} who deseribe knowing when and why to apply the appropriate
procedural and declarative knowledge as conditienal knowledge. This is also noted
by Schunk:

“Possessing the requisite declarative and procedural knowledge to
perform a task does not guarantee students perform well ... This
situation is not uncommon, Achievement depends on knowing facts
and procedures and kmowing when and why to apply that
Jnowledge" (Schunk, 1996, p.203).

Dufresne et al note that experts require both procedural and declarative
kmowledge and that experts have many strong links between these types of
knowledge, whereas for a novice such links are weaker (Dufresne, Leonard, &
Gerace, 1995). However, other potentially relevant classification schemes (Bamnett,
2000) and (Gibbons et al., 1994) have also been investigated.

2.3.4 Knowledge 1 and Knowledge 2

Yet another knowledge classification scheme is desctibed by Barnett who
notes that: “Knowledge 1 is essentially theoretical knowledge inside of the
3



university sector, and Knowledge 2 is essentially knowledge-in-use outside of the
university” (Barnett, 2000, p.17). Gibbons uses the terms mode 1 and made 2
knowledge and notes that:

“For many, Mode 1 is Identical to what is meant by science. Its
cognitive and social norms determine what shall count as significant
problems, who shall be allowed io practice science and what
constitutes good science” (Gibbons et al., 1994, pp.2-3)
Bamett also notes that these modes of knowledge are bath intermingling and
broadening (R Barnett, 2000}, Scatt has considered historical development of mods

1 and 2 knowledge nating:

“It has been supgested that Mode 2 is not a new phenomenon,
Rather it describes how many disciplines originally developed
(Applications first, theory afterwards) and how much industrial
research and development bas traditionally been organised" (Scott,
1997, p.23),

Referring to the learning trizngle (Figure 1} Bamett notes that the relationship is

triangular and goes bath ways.

Figure 1. Knowledge Created and Used Inside and Outside of ljniversities
{Barnett, 1994, p.12).

Knowledge

VR

Higher .
Education B Society
—_—
The importance of both types of knowledge is noted with respect to the
workplace skill requirements of Information Systems (IS) gradunates (Davis,
(orgone, Couger, Feinstein, & Longnecker, 1997).
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They further note that: “Many of these competencies are shared within the
computing professions... ” (Davis et al,, 1997, p.37).

2.3.5 Small and Medium Enterprises (SMEs): The Need to Know ‘How® and
Kuow ‘That’

Both ‘knowing how’ and “knowing that’ may be especially imporiant within
SMEs where Information Systems (I8) management students may find themselves
in the position of dealing with IT cutsourcing and may be responsible for a much
greater range of IS activities than may be the case within a large company. The

Dearing report has also noted that;

“The SME sector, which we believe to be of increasing importance,
needs a distinctive response from higher education institutions in
terms of initie} skills of graduates and consultancy svpport. For
initial skills, SMEs told us they need graduates who car make an
immediate contribution to work as soom as they atrive in the
company” (Dearing, 1997, Chap. 4.23).

‘This may be due to the shortage of appropriately trained techmicai personnel
in SMEs. A repoert to the UK Diepartment for Employment and Education {(DfEE)
notes that “Diespite the lower costs of new technology , it seems unlikely that many
SMEs will have the technical personnel to develop, implement and maintain
complex IT operations” (Beard & Breen, 1998, .27), Benamati notes that: ... the
emergence of new skill require ments have made finding and retaining a skilled
workforce especially difficult” (Benamati & Lederer, 2001). Both hands-on skills
and deep technica] knowledge can also be important to SME IS management with
respect to evaluating employee end-user training. In apaper entitled “A profile for
the iT manager within SMEs™ Gramignoli stated that: “the deeper the IT
manager's technical knowledge, the more effective will be the end users training

programme and day-by-day support”. They further note that:

“Within SMEs the traditional IS5 menagement activity is often
replaced by the management of the relationship with the technical
partners: because of the shortage of [S dedicated staff, the IS design,
implementation, and development are often outsourced, In such a
context, in-depth technical knowledge is essential to correctly weigh
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up the technical validity of the pariners' proposals" {Gramignoli et
al,, 1999, p.201).

In their book ‘Client/Server Information Systems a business orientated

approach’ Goldman et al note that:

“In order to understand the full impact of client-server architectures
it is necessary to comprehend the physical relationship or technology
implementation configuration of the elements of a typical
client/server architecture as well* {Goldman, Rawles, & Mariga,
1999, p.32).

Whilst Englander notes that:

“There is a tendency for people in information systems and
techinalogy to neglect the study of computer architecture After all,
the technology changes so rapidly — is it really worth trying to
undetstand something that may be out of date before I finish this
baak ... " (Englander, 2000, p.vii).

Qutsouscing may not solve skill shortages in SMEs a5 companies can lose
their brightest and most skilled employees {Ruber, 2000}, Tadd, Mckeen and
Gallupe whilst investigating job skill requirements from newspaper adverlisements
“concluded that organizations are looking more to technical requirements in the
hiring process” (Todd, Mckeen, & Gallupe, 1995) cited in (Crook and Crepean,
1997, p.138). O'Brien notes SMEs problems with misleading advice and poor
support from IT suppliers (O'Brien, 2000}, SME IS mangers with more hands on
experience could avoid such situations.

The results of a study specifically concentrating upon the perceptions of I8
students of the needs of the IS Industry found that they were: “in remarkable
agreement with employers” (Mawhinney, Morrell, Morris, & Helms, 1999, p.234).
The Master of Science in Information Systems (MSIS) 2000 Model cwrriculum
notes that to increase their emplayment patential: ©,.. students take a related set of
courses reinforeed by practical experience within information systems” (Gorgone et
al,, 1999), The Model Curriculum and Guidelines far Undergraduate Degree
Programs in Information Systems, under a heading of *Networks and
Telecommunications" states that: “Installation, configuration, systems installation
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and management of infrastructure technologies will be practiced in the laboratory”
{Gorgone et al, 2002, p.28). IS managers are increasingly dealing with contract
partners who perform their IT and IS department finctions and so they now need
in-depth technical knowledge,

Willcocks (1996) and Trauth et al have highlighted serious mismatches
between the requirements of what industry needs from new IS graduates, and what
IS faculties are producing {Trauth, Farwell, & Lee, 1993}, A UK Departmient for
Employment and Education IT lzbour assessment report found that:

“Increasingly, university IT graduates cen no longer expect to be
employed in large companies with graduate training programmes,
Many SMEs want graduates who are job ready, have good practical
and business skills and are up to date with the Iatest systems,
However, SMEs are frequently unable to articulate their specific
skills requirements and uneble to invest significantly in training"
(Beard & Breen, 1998, p.36).

2,3.6 Summary

It may be concluded that there are calls for the integration of ‘kmowing-
how and ‘knowing-that” and that both are required to achieve mastery, as is the
experience of when and why to use them. There are calls for education to achieve a
balance of knowing how and knowing that. Procedural and Declarative knowledge
are other terms used for the description of knowing how and knowing that. Beth are
important, as is the conditiona] kmowledge of when and why they should be
appiied. Other classification schemes can also be of use such as Mode 1 and Mode
2 knowledge.

There appears to be o mismaich between what industry requires from I$
menagement students and that provided by universities. This is similar to findings
in CNS provision. SMEs have problems with IS provision because an IS manager
may be expected to have wide IS knowledge and experiences and may take on a
variety of roles within an organisation, Outsourcing does not necessarily solve
SMEs problems with respect to skill shorlages of IS managers.
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2.4 Assessment

Regardless of type, all knowledge needs to be assessed at university, not
only as a form of quality assurance of the level of attained, but also as a form of
feedback both to students and lecturers. Moreover, assessment can be crugial for
many students in deciding whether a topic is worth leaming {Lazarus, 1981), The
form of the assessment has also been shown to promote different forms of learning
(Scouler, 1998). McInnis and Devlin note an indicator of effective assessment in
higher education is that: “a variety of assessment methods is employed so that the
limitations of a particular method are minimised" (Mclnnes and Dreviin, 2002, p.9).
Int a recent thesis entitled: “The competing discourses in the WA upper school
curmiculum in WA"” Murphy notes:

“That practical ‘hands on’ skills and knowledpge is fundamental to
congeptual understanding, That knowledge is more transferable to
different situations when szcquired by a pradval process of
conceptual understanding” (Murphy, 1998, p.246).
There are many other studies that have shown that ‘hands-on® experience reinforces
the learning process {(Cheng, Holyoak, Nisbett, & Oliver, 1986; Reed & Actor,

1991), Their separation is advised against by Tarrant who warns:

“In fact both practical skill and knowledge of certain principles are
jointly sufficient for success. This should wam against any scheme
in which practical knowledge is rigidly separated form theoretical
knowledge™ (Tarrant, 2000, p.77).

Competency testing has often been used in the workplace to assess practical
employment relevant skills and understandings,

2.4.1 Competency

Competency has been defined as: “The ability to perform in the workplace™
{Goldsworthy, 1993, p.113). A competency can also be defined as “A knowledge,
skill, or characteristic assaciated with high performance on a jeb” (Mirsbile, 1957,
p.75). Whilst Dalton notes that: “Competencies are behaviours that distinguish
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effective from ineffective performers* (Dalton, 1997, p.48). Chappell and Hager
observe that: “Ultimately it is the application of specialised knowledge and
cognitive skills *within practice based contexis’ which leads to competent
performance” (Chappell & Hager, 1994, p,13), whilst Sandbarg notes that the
identification of competence as a classic managerial problem that encourages a
consideration of different forms of knowledge (Sandberg, 2000}, Schoonover
Associates, Inc. note:

"A competency model is a set of success factors, often called

competencies, that include the key behaviours required for exceflent

performance in 2 particular role. These behaviours are demaonstrated

by excellent performers on-the-job much more consistently then

average or poor performers” (Schoonover Associates, 2001).

Sandberg notes that: “the concept of competence encourages scholars to
think net anly sbout knowledge itself, but alse about the knowledge that is requirad
in competent work performance” (Sandberg, 2000, p.9), Nguyen found that with
respect to the engineering industry, management places more importance on
competency than either students or academics (Npuyen, 1998). An Australian
Government report “Learning for the knowledge society: An education and training
actiont plan for the information economy” noted the impotiance of universities
ensuring that graduates enter the workforce with the required competencies
(DETYA, 2000}, Yet Moore and Striebe note that:

“Ideally, industry would like to have new cmployees be productive
from the very first day of employment. But, are graduates ready to
become productive employees? Often the answer is surprisingly
‘no’, Whilst this may be unexpected by some, it is 2 consequence of
hiring employees from across the country from a variety of
educetional backgrounds and abilities. In general employees are
hited because of their perceived potential to adapt to new
environments and idees. Companies need innovative ideas of new
employees to remain competitive” (Moore & Streib, 1989, p.53).

A 1995 Aupstralian Government National Board of Employment Education and
Training (NBEEB) report on the *Demand for and Dimensions of Education and
Training” noted:

29



“Employers are increasingly emphasising a broad range of non-

academic factors as more accurate indicators of a new employee’s

potential to succeed in the workplace, ... They recruit on the
assumption that graduates have satisfied the academic requirements

of gach institution, thus ellowing them fo focus on the particular

skills and aftributes they believe are most essential for the particular

work environment, Generzlly, employers emphasise skills and

attritbutes which are more difficult to evalvate than academic skills™

(NBEEB, 1995b, p.21).

Another NBEEB report noted thet: “The major problems that employets
identify with higher education graduates are their attitude, and their knowledge of,
and experence with, the weorld of work” (NBEEB, 15953, px). Although
employers recognise the academic importance of university education, they can
also recrgnise the importance of fulfilling industry expectations (Imel, 1989).
Naraymann and Neethi of Tata Consultancy Services, the largest recruiter of

manpower from engineering institutions within India, state that:

“We are careful not to dilute the academic ambience in schools of
learning. We do not want to convert them into training shops. We
expect them to cover the wider body of knowledge over which we
can build skills, In most of the institutions the time constants for
curriculum revision are of a very large order since they have to go
through a whole maze of committess. However, of late, the urgency
to mest the expectations of the industry is visible” (Naraymann &
Neethi, 2001, p.170).

The needs of industry can include a hands-on skilis component and
Competency Based Assessments (CBAs) are often used to help ensure that
employees have the necessary skills and understanding required to perform a job
function. CBAs are sometimes employed in what are known as vendor endersed
training programmes (Fage, Agosta, Merchant, Foltz, & Bames, 2000; Hombaker,
1999).

2.4.2 CBAs

CBAS zre not new (Grant, 1979; McLagan, 1980/1996) and Riesman notes
their use for accountability within education where they arise from a: “.., concem
for what students can do rather than for what the faculty believe they have taught”
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{Riesman, 1979, p,57), Karmel discusses competency testing within an Australian
context (Karmel, 1995). Masters et al assert the importance of assessed competency
in occupational skills (Masters, 1990). Wolf notes the origins of CBAs from a UK

perspective, where:

“Competency-based assessment appealed to reformers of both the
right and left at a time when the UK Conservative government had
become convinced of the need for major reforms in the vocational
training sector. Huge increases in youth unemployment in the 1970s
and early 80s had created an emergency response in the form of
work experience programmes, for which long term and more
structured objectives were needed” (Wolf, 1995, p.6).

The possible uses to which CBAs can be put according to Fletcher include
Certification, Identification of Treining needs, Enhancing $tandards, Performagee
Appraisal, Skills audits, Selection and Recruitment, and Evaluating Training
{Fletcher, 1952). To which could be added the experience of utilizing the
employment skills required before taking up employment in a field, enabling a
student to decide not to attempt to enter particular forms of employment, although
this could perheps be described as a form of se/f selection,

Denning writes: *“The call for competence is a cry from the hungry for
nourishment” (Denning, 1998, p.12), However, it is necessary to be able to measure
competency, thereby providing essential feedback to students and information to
prospective employers, A possible requirement of CBA is the de-coupling of the
assessment from particular institutions or leaming programmes {Wolf, 1995). This
can help fo ensure consistent tests and procedures. However, utilisation of CBAs in
an educational context has not been without detractors.

2.4.3 Criticisms of CBAs

In much of the ebove consideration of hands-on skills there is the implicit
assumption that such skills should be tanght in higher education and that it is
appropriate to assess such skills within the context of a university education. This
view has by no means attained a position of general acceptance with the nniversity

sector where competency testing and vocationally based units are seen by many to
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conflict with a major area of traditional purpose of university education. However,
Jaspers notes that; “The idea of the university requires that the university be open to
new ideas” (Jaspers, 1960, p.110).

A contemporary view is given by Bamett who notes ,our dominant concepts
in jndging higher Education quality as *the production of jualified manpower, ...
training for a research career, ... t+¢efficient manager t of teaching provision ...
as a matter of extending life chane~s". He alsr uotes {hat: “This final contemporary
conception is none other than the potential cunswners of higher education”
{Barnett, 1592, p,18). Thus, one of the arguments for the adoption of more
employment related higher education is from the perspective of student demand.
Furthermore, there is the concomitant question of the most appropriate assessment
methods to employ to assess bands-on skills, Whilst CBAs are well established
within the vocationally orfentated TAFE system within Australia, there exists some
debate as ta their relevance in higher education, Goldsworthy mentions a critique of
what might be inferred from CBAs:

Competency based standards in effect are an ad hoc measure of
skills; they measwre performance after the event. The activity is
performed and measured after the skills, experience and knowledge
have been acquited... The flaw in the logic of this process can then
be applied 1o predicting how well the task might be performed either
in the future or in different circumstances” (Goldsworthy, 1993,
p.117),

However, in a written examination, the assessment activity is alse performed and
measured after the acquisition of the skills, experience and knowledge. Standard
written examinations don't necessarily provide 2 prediction as to how well students

might perform in the workplace.

Algie interprets the present day vse of CBAs in terns of classical

production management systerns noting:

“Competency based assessment is an application of quality
management principles to a process that has a variable input
(students) and a variable process (training and education). This calls
for & test of the output sgainst standards. This says at least the
product (the graduate) satisfied those tests to which it was subjected,
but maybe no more than that” (Algie, 1999, p.3).
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However, a similar argument could be made against standard written examinations.

In the paper “Competency-based Education and Training: Between a Rock
and 2 Whirlpool” Harris et al note the difficulties and the controversial pature of
using CBAs in an Australian educational context (Hartis, Guthie, Harbart, &
Lundberg, 1995). CBAs have been accused of promoting minimum levels of
attainment {Stanley, 1993).

2.4.4 CBAs and Minimal Attainment

To assess large numbers of students via CBAs can be costly both in time
and equipment. This can encourage over simplification, which has led to the chargs
that they may promaote roinimum levels of attainment (Stanley, 1993}, Lazams
makes a similar case (1981), Furthermore, Wolf notes that;

“minimum competency tests in the United States have been
criticised consistently for the low standards that they
embody...Their critics have also (like many contemporary critics
of competency tesling in the vocational feld} argued that the tests
carry another attendant danger, viz. that the minimum level will
become the maximum, and thal teaching and leaming be narrowly
defined by test content™ (Wolf, 1995, p.85).

Nevertheless, more complex tests can be implemented to yield a wider
range of results. For example these could be fault-finding exercises on PCs with a
range and combination of simulated faults. There are CBAs such the hands-on
laboratory examination that is both highly complex and very difficult to pass
{Abelman, 2000}, Furthermore, Osterrich notes that:

“The Jab exam takes place over two days. The first day the candidate
has the task of setting up a complex internetwork using disparate
technologies, During the evening of the first day, test administrators
essentially sabotage the work you did in the moming, so the second
day you spend troubleshooting and diagnasing those issues. The
CCIE exam has a high failure rate: generaily, mare than 80% of first
time candidates fail” (Osterich, 2000, p.7).
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2,4.5 CBAs and Behaviourism

CBAs have also been criticised as merely testing learned habits. From such
aperspective CBAs could be seen to agcord with behaviourist principles, Morgan,
Ponticell antd Gordon note: “behaviourists have viewed individual differences in
terms of biological differences and learned habits” (Morgan, Ponticell, & Gordon,
1598, p.210). Whilst Winch and Gingell note that:

“Behaviourism is a psychological doctrine about the nature of mind.
It includes a theory of learning which suggests that the only proper
coucern of the teacher is behaviour modification™ (Winch & Gingel),
1999, p.25),

Ramsey notes that: “The essence of Behaviourism is the training of individuals to
respond in a uniform predictable manner to pre-determined situations” (Ramsey,
1993, p.76). Whilst Norris expands upon this theme noting:

“There is a fundamental contradiction between the antonomy needed
to act in the face of change and sitwational uncertainty and the
predictability in the specification of cutcomes™ (Nomis, 1991,
p.335).

Behaviourist association with hands-on skills attainment has a long
tradition, for example, the behaviourist Skinner notes in his novel “Walden II” that:
“4 good share of our education goes on jn workshops, laborateries and fields”
{Skinner, 1948, p.119). Skinner again notes that: “The whole process of becoming
competent in any field must be divided into a very largs number of very small
steps” (Skinner, 1954, p.94).

Barnett expresses the notion that: “competence is concemned with predicable
situations” (Barnett, 1994, p.72) and Neill notes that: “There are three common
characteristics of competency based tests: 1. They are based on clearly defined
objectives representing defined competencies; 2, Test items are specifically
designed to measure the abjectives. 3. Scores are interpreted in terms of attainment
of a pre-set eritericn or standard of performance” (Neill, 1978, p.72). Yet Jessop
notes that: ‘... when unexpected circumstances occur the procedures are often not

appropriate or sufficient and the performer must improvise to achieve success.
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Coping with the unexpected is 2 crucial part of the concept of competence” {Jessop,
1589, p.33).

Thus the phrase that *We must expect the unexpected’ finds ils application
with respect to compelency assessment as noted by Brown (1971). This need for
more realistic tests of competence is also noted by Chomsky who states that:

“Qbviously one can find out about compelence only by studying
performances, but this study must be carried out in devious and
clever ways, if any serious result is te be obteined” (Chomsky, 1971,
p.66).

However, Usher et al note the importance of competence, adding:

“Even if we are sceptice] about, for example, the value of a learning
defined in terms of questions of pre-defined competences or
adaptation to a pre-defined enviranment, it is difficolt on the face of
it to deny that to become more competent is to become more
empowered” (Usher, Bryant, & Johnston, 1997, p.82).

Not all competency outcomes need to be expressed in precise specifications,
even though this may have been case for the UK's National Vocational
Qualifications (NV(Qs) (NCVQ, 1991). Hillage et al note that: “NYQs are made up
of a number of units that set out industry-defined standards of occupational
competence” (Hillage, Uden, Aldridge, & Ecccles, 2000, p.4). Whilst Heywood
notes that:

“NVQs ceme in for much eriticism. Apart fram complaints about the
amount of paper work involved they were also criticized because
they paid insufficient attention to the role of knowledge in
determining outcomes™ (Heywood, 2000, p.307).

Smithers notes, when discussing the implications of Britain’s NVQs, that: VIt has
been assumed that if students can show themselves capable of cammying cut
specified tasks, the necessary knowledge and understanding must have been
acquired also and need not be separately assessed” (Smithers, 1993, p.9). Such
methods accord with Behaviourist interpretations (Mestre, 2000). Whilst Soucek
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argues that performance in o CBA does not guarantee knowledge {Soucek, 1993)

and Gonezi and Hager note that:

“,. competence in an occupation involves more than the mastery of
a large number of discrete tasks, It includes the capacity to integrate
skills and knowledge and ofien, attitudes to the actual practice of
wark™ (Gonezi & Hagger; 1992, p.33).

The use of competency in the workplace invites the question: Are there
alternatives to CBAs?

2.4.6 Alternatives to CBAs

Ashworth and Saxton argue that there are other more effective ways to
enhance practice such as sandwich placements, Sandwich courses in the UK consist
of prolonged periods in industry such as a semester altemating with perieds of full
time study:

“The student on placement ought to come to see that theory plays
the role of an interpretive resource; it is a system of tools with which
to make sense of his or her work experience, so that experience is
raised to the level of reflection partly through the employment of
theoretical concept, and theoty is related to things which have real
significance for the student” (Ashwerth & Saxton, 1950, p.20}.

Kelly and Else have noted that these can help to increase opperiunities of
future employment for students undertaking such courses (Kelly & Else, 1996). Yet
Smithers questions tha benefits of sandwich courses stating that: “The chief reason
for disappointment is the generally acknowledged failure to bring the acadernic and
industry parts into a satisfactory relationship” (Smithers, 1976, p.149).

Close industrial and academie cooperation can ocur in regard to course
content {(McDonald, Rickman, McDonald, Heeler, & Hawley, 2001) and Beeson
and Gay have noted that graduates of their PC and computer networking skills
based programme that have completed a work experience programme in this field
are, according te local employers, better prepared for the job market (Beeson &
Gay, 2000). Being able to do a job is a relevant form of assessment but can also be
undertaken in addition to CBAs, Student project work in cooperation with industry
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{Daniels & Asplund, 1999) is yet another method whereby studenis can gain

relevant practical experience.

Potential workplace assessment can include oral assessments, McCurry
notes that: “This can assess candidates’ skills of thinking on their feet” and “... that
oral assessments are uniquely capable of providing insight info a candidate's
occupetional competence” (MoCurry, 1992, p.235). However, this can lead to the
question of scaling and brings forth the attendant question of levels of competence
and the question of how competence is exhibited at different levels of attainment
(Bowden & Marton, 1998; McCurry, 1992),

2.4.7 Levels of Competence

Bowden and Marion, describe increasing levels of competence as one goes

from level 1 to level 4 there are:

"Increasing complexity of outcome; Broader curriculum
requirements; Incressing ambiguity in the relation between
chjectives and assesstnent outcome; Increasing need for
interpretation and professional judgement in assessment™ (Bowden
& Marton, 1998, p.105).

They further characterise level 1 as the impractically long lists of specific
tasks derived fram the analysis of professional work, Whilst level 2 avoids this it:
“runs the risk of altempting to spell out kmowledge skills and attitudes that underlie
professional competence without considering what it is that professionals actuzlly
do in the workplace", By contrast the level 3: “attempis to consider knowledge in
context in relation to performance rather than separate from it”. With respect to

level 4, they note that it:

“... represents the attempt to integrate as well the person’s way of
seeing themselves as professional. It is more halistic than and
subsumes the previous levels. In our view, competency-based
approaches have not gone much beyond level 2 and we believe that
the educational approach should be directed at least to level 3 and
preferably to level 4”

Adding that this level:
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“... represents a three-way integration among a person’s way of
seeing their professional role, their capacity to undertake that role
and the knowledge base with which professional identity and
performance are intemeshed. Assessment of such an outcome is not
simple and it is difficult to assess it directly. Competency-based
approaches do not in practice address these matters. ... It is not
surprising that, initially, the competency movement focused on
minimal ambiguity and greater certainty, viz level 1. They were
concerned with penerating greater recognition of the role of
education in preparing students for the workplace, within an
educational world that they saw as foeused on book-leaming and
theory. As a consequence their terminology and their practices
focused almost entirely on the workplace connection” (Bowden &
Marton, 1998, pp105-107).

2.4.8 Confnsion over a Defiultion of Competency

A further problem with the notion of competency is that of 8 common
definition. Within an Australian cottext Laver (Laver, 1994), states that:

“Semanlic confusion has arisen because the term “competency’ is
used in at least three different senses: in the training sector, it means
the capability to perform certain designated tasks satisfactory so that
defined outcomes can be met; in the Mayer Committee’s Report it
covers more generic skills, such as problem solving and planning;
and in the university sector, though generally rejected, it is
sometimes recognised as comparable to such concepts as graduate
attributes” Cited in (Reid, 1996, pp.133-134).

Barnett in referting to competence in a UK context notes:

“that there are two versions of the idea jockeying for position in
aoademe: one is an intemal or ‘academic’ farm of competence, built
around a sense of a student’s mastery within a discipline; the other-
now being pressed robustly - is the ‘operational’ conception of
competence, essentially reproducing the wider societal interest in
performance, especially performance likely to increase the economic
performance of UK inc” (Batnett, 1994, p.159).

Barnett compares the operationat and academic versions of competenice in
Table 2,



Table 2. Barnett's Two Rival Versions of Competence (Barnett, 1994, p.160).

Operational Academic Competence
Competence

1. Epistemology Know how Know that

2. Situations Defined pragmatically | Defined by intellectual

field

3. Focus Outcomes Propositions

4, Transferability Metaoperations Metacognition

5. Learning Experiential Propositional

6. Communication Strategic Disciplinary

7. Evaluation Economic Truthfulness

8, Valve Orientation Economic survival Disciplinary strength

9. Boundary Orpanizational norms | Norms of intellectual

Conditions field

10. Critique For better practical For better cognitive
effectiveness vndersianding

Bamett also adds that: “From cognitive culture to economic performance: the

changing definitions of competence are a micracosm of the changing definitions of
the university” (Bamett, 1994, p.159).

2.4.9 Classification of CBA Methods

McCurry compares and contrasts the different forms of assessing

competences as in Table 3.
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Table 3, Different Forms of Assessing Competences (Simplified) (McCurry,

1992, p.237)
Metheds of | Distinctive Advantages | Disadvantages | Practical
Purposesand | and and Weaknesses | Considerations
Assessment | Uses Strengths
Multiple Factual and Consistency | Access ability to | Difficult to
Choice procedural and recognise rather | write
Tests knowlednc and | relzability than recall
understanding Cheap and
of principles Uniform and | Difficult to use | efficient to use
standardised | for probler
solving and
higher order
thinking
Written Use of Tests more | May assess Difficuliies
responses Information complex set | language skill in | ensuring
Application of | of skills addition to reliable
Short knowledge knowledgeor | judgements
Answer Generating Higher order | competence
ideas and thinking and Expenstve to
Extended | solutions problem process
Answer solving
Oral Interpersonal | Assessment | Difficult to Problems with
Assessments | skills of thinking | standardise the reliability
skiils of judgements
Interactive Variable
thinking Multi- conditions
dimensional
Performance | Psycho-motor | Holisticand | Expensive of Difficulties
Product skills direct time and gnsuring
assessmient TESONTCES reliable
Functioning of skills judpements
Ability to Logistical
produce difficulties
Werk based | Overall Directness, | Duration and Dependant on
assessment | performance breadth, availability supervisor and
and range of supervisor’s
functioning assessment Jjudgment
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However, no matter under what classification scheme & CBA may fall there
i5 still a need for it to be tested for consistency (DEET, 1994).

2.4.10 CBA Consistency Checks

As with other forms of assessment CBAs need consistency and Rutherford
notes the practical considerations of which those involved in CBA implementation
need to be aware (Rutherford, 1995), Field and Dirysdale define reliability as related
ta the absence of error, noting that: “A reliable test is one that consistently
estimates the *real’ level of skill regardless of who administers it, which leamers
are tested and who marks the resuits” (Field & Drysdate, 1991, pp.220-221}),
However, it should be remembered that the absence of proof of error is not proof of
the absence of error. Hyland notes that there are different types of types of validity:

“Content Validity: The degree to which a test measures an intended
content area (e.g. Science, History or Biology). Face Validity; The
degree to which a test appears to measure what it purpors to
measure, ... Concurrent Validity: The degree to which a test
measures an intended hypothetical construct such as intelligence or
creativity. Predictive validity: Which indicates the depree to which a
test can predict how well an individual will do in 2 future situation”
(Hyland, 1994, p.39).

2.4.11 Generic Skills and CBAs

Generic skills are characteristic of a whole class of skills. They are
increasingly recognized as an important component of undergraduate courses
(Bartley, 1999). Such competencies in a national context have been considered in
the Mayer committee report (Mayer et al, 1992). The committee stated that: “The
coneern is to identify competencies required for effective participation in
employment rather than those required to undertake specific tasks™ (Mayer et al,
1992, p.3}. However, Bennet asks: “Are, for example, the peneric skills promoted
in academic settings the same kind of generic skiils sought in the world of work?”
{Bennet et al,, 1999, p.91), Furthermore, Stevenson arguss that while tasks may
appear to 2n observer to possess commonality, such commonality does not
automatically extend to the knowiedpe invelved in these tasks (Stevenson, 1999),
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2412 Summary

The notion of competency has been, and will no doubt continue ta be, hotly
debated. Some definitions allow far the notion of competency fo includz deep
levels of understanding and reasoning. Hands-on skills can be tested by CBAs. In
many fields of knowledge, within a university context, CBAs constitute a non-
traditional form of assessment. CBAs have also been criticised as premoting
mizimum attaitment testing, However, other forms of assessment mey fail to assess
hands-on skilis. There are many different forms of assessment and CBAs can form
a useful addition te the range of tests where each form of assessment has its
strengths and weaknesses. A skilful assessment blend could allow the sirengths of
one form to cancel another forsn's weaknesses, CBAs need consistency checks,
especially in cases involving multiple assessors, CBAs are sametimes employed in
what are known a5 vendor endorsed training programimes.
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2.5 Vendor Endorsed Training Programmes

Industry supported qualifications such as the CompTIA A+ Certification are
known as ‘vendor neuira)’ (Andrews, 2003b; Meyers, 2001). Andrews notes that:
“‘CompTIA has over 13,000 members which includes every major company that
distributes or publishes computer-related products. .. Other certifications are more
vendor specific” (Andrews, 2003z, p.1015). Major IT companies are now endorsing
training specifically tailored to the use of their product lines. These include
companies such as Cisco (Odom, 2003, 2004) Microsoft (Rada, 1959) and Novell
(Clarke IV, 1999). These companies have either implemented (Abelonan, 2000;
Cisco, 2002; Clarke [V, 2001; Lammie, 2002) or have endorsed their own
certification programmes (Microsoft, 2000). Such qualifications are known as
“Vendor Certifications® {Fage et al., 2000; Hombaker, 1999; Meyers, 2001). These
are very different in nature to the traditional offerings of the university sector
(Montante & Zahira, 2001). Hombaker notes that:

“Qver the years, vendors have created their own certification
programs because of industry demand, The demand arises when the
marketplace needs skilled professionals and an easy way to identify
them, Vendors benefit because it promotes people skilled in their
product. Professionals benefit because it boosts their careers.
Employers bengfit because it helps them identify qualified people™
{Hombaker, 1999, p.xxxxii},

Within Australia many universities, TAFEs and secondary schools, are now
offering vendor endorsed programmes such as the Cisco Network Academy
Program (CNAP) (Cisca, 20034, 2003b).

2.5.1 Vendor Endorsed Trairiug, Universities and CBAs

Abelman compares CB.As talked sbout in higher education with the very
demanding Cisco CCIE laboratory assessment (Abelman, 2000}. Rada lovks at
Microsaft skills cerlification noting that:
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“The skill standards are defined by Microsoft, and the delivery of
training and certification is brokered by Microsoft. In develaping IT
skills standards, Microsoft follows a systematic approach to the
study of what people want and need to know™ (Rada, 1999, p.25).

Rada also notes that such standards are based upon a definition of job

analysis and objectives noting that:

“The job analysis is a breakdown of al} tasks that make up a specific
job function, based on tasks performed by people who are currently
performing that job function... Micresaft focuses on quality control
over the certification exam. Microsoft is not in the business of
training bt relies almost exclusively on other organizations to do
the training process™ (Rada, 1999, p.25}.

This is contrasted with Novell who market networking products. It is perceived as
an important part of Novell’s strategy to educate its customers and their employees
nbout its products (Rada, 1999, p.25). Novell have internationally recognized
professianal development program - the Novell Certified Network Engineer (CNE}
which consists of a number of courses (Clarke IV, 2000; Clarke IV, 2001).

The education of employees and customers is also seen as 2 reason behind vendor

cerlification programmes by Odom who notes that:

“Cisco requires a partmer to accumulate points based on the number
of employees with certain certifications, to become a Premier,
Silver, or Gold Channel Partner, The status in turn, dictates the
discount received by the reseller when buying from Cisco. This
practice contimues to be a goed way for Cisco to judge the
cormitment of resellers to hire people with praven Cisco skills,
which then improves customer satisfaction — and customer
satisfaction is tied 10 every senior executive’s borws plan™ (Odom,
3002, p.4).

Whilst the fast moving nature of technology is given as another reason for

vendor certification programmes, Fage et al note that:

“In the networking industry, technology changes foo often and too
quickly to rely on iraditional means of certification, such ar
universities and trade associations. Because of the investment and
effort reguired to keep network certification programs current,
vendors are the only organizations suited to keep pace with the
changes” (Fage et al,, 2000, p.xxx).



The ACM guidelines for associate degree programs to support computing in
a networked environment notes that:

“More and more post-baccalaureate covrsework is being completed
at two-year colleges as IT related workers address their needs for
continving education. This phenomencn, together with the enormous
demand for workers with technical skiils has shifted the focus of
many students away from program completion to pursuing selected
course topics and preparstion for vendor-specific industry
certification” (ACM, 2000, cha.1, p.6),

Yuan et al consider the possitle effects of altemative certification paths on higher
education (Yuan, Moffitt, Bailey, Nix, & Terrell, 2002} and Wait asks: “What are
the implications for the universities and their autonomy if professional bodies
establish competency standards incompatible with the educational processes?”
(Watts, 1992} cited in (Reid, 1996, p.134). There is concern about this situation
expressed in the view that: *'... a crises exits, rooted in the loss of monopoly™
(McNair, 1997, p.38). This view is echoed by Bamnett who states that:

“Ne longer are academics in the position of near monopoly that they
have long held (for the past 100 years) in defining what is
worthwhile knowledge. Now, mdustrial corporations, finance
houses, consultancies and professional bodies are all involved in
quite formal ways in producing kmowledge and in defining key
prablems™ (Bamett, 1997, p.170).

Bernett also notes ihat; “The crisis goes further, in a fast-moving world,
where one just has to keep up with the game, perfonmance is becoming severed
from understanding” (Barmett, 1997, p.175).

Industry certification paths can present integration issues for post secondary
education (Koziniec & Dixon, 2001; Nelson & Rice, 2001}, whilst Capell questions
the value of such certifications from the perspective of cost {Capell, 2003), yet,
higher education also has an attendant high cost.

The UK Dearing report interviewed & large number of employers, including
Small to Medium Business Enterprises (SMEs) and larger companies and noted
their use of Higher Education {FE) providers for Continuing Professional
Development for this task. They found that HE is not the first choice of these
employers, (Dearing, 1997). This point is echoed by Fage:
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“Employers recognize that certifications, 1ike university degrees, do
not guarantee a level of knowledge, experience, or performance;
rather they establish a baseline for comparison™ (Fage et al., 2000,

P.xxxi)).
The importance of taving people skilled in the use of their products is of
importance te vendors as reitersted by Fage:

“By seeking to hire vendor certified employees, 8 company can
assure itse}f that not only hes it found & person skilled in networking,
but also it has hired a person skilled in the specific products the
company uses” (Fage et al., 2000, p.xxxi)).

It should be noted that merely because & curriculum is employment relevant
does not mean it is sub-standard, For 2xample medical school education is,
hopefully, both relevant to a student’s filure employment needs as well as being of
a high standard. However, much vendor hased certification is not based upon CBAs
but upon tests often using computer administered Multiple Choice Questions
{(MCQs) (Bixler, Chambers, & Phillips, 2000; Clarke IV, 2000; Odom, 2002).

2.5.2 Multiple Choice Questions

MCQs have been studied by Christianson and Fajen who note that: “Some
critics assert that a single multiple-choice test can't tell you whether a person can
handle real world problemns using a particular preduct””, They answer this by stating
that:

*... the multiple-choice tests that vendors use are typically designed
- by teams of practicing and skilled ‘prometricians’ (professionals in
testing and measurement) — to assess knowledge and abilities as will
be needed in real world applications™ {Christianson & Fajen, 2001,
p.790).

However, actual hands-cn skills are not tested by MCQs as could be shown
by discovering applicants who, though able to pass the requisite MCQ tests, lacked
the necessary hands-on skills, Commenting of MCQs, McCurry notes that:

... they cen also assess hipher order skills when they are well

written... MCQ tests are described as ‘*objective’ because their

scoring can be mechanical and unambignous, However, there is
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always an element of subjective judgement about what to include in
a multi-choice examination and zbout what constitutes adequate
perfarmance on such a test” (MeCurry, 1992, p.232).

A common objection to MCQs is that they may be answered just throngh guessing,

Swanson et al note that;

“Critics of MCQs often focus on 'cueing' inherent in MCQ format:
they argue that examinees need only recognize the correct answer,
rather than work through the problem and construct it, This is a
legitimate concem, but it is generally straightforward to reduce
cueing by increasing the number of response options” (Swanson,
Case, & van der Vleuten, 1997, p.270),

Farthing ¢t al have developed permutational MCQs making such an event
very unlikely, Farthing et al also note a common objection to MCQs is that; “they
assess only trivial recognition of facts rather than high level thinking” (Farthing,
Jones, & McPhee, 1998, p.81). McPeck calls this “The Trivial Pursuit Theory of
Knowledge'” and goes on to state that: “Like the game Trivial Pursuit, knowledge is
assumed to be the kind of thing which can be fitted into one-sentence questions,
with one-sentence answers™ (McPeck, 1990, p.27). However, Pithers notes the
difference between select-type questions where the student needs to select answers
from a range of alternatives and supply type questions where they need to provide
the answers and that:

“Supply-type items have typically been shown to have the capagity
to tap decper levels of cognitive understanding and application, It
should be noted however, that if well thought out, sometimes select-
type multi-choice items can achieve this as well” (Pithers, 1998,
p.214),

MecCurry notes that MCQs can quickly assess across a wide range of pracedures
and facts (McCurry, 1992), The use of distracters provides false options to
candidates that they may not have previously considered (Farthing et al., 1998).
Farthing also notes that a cornmen criticism of MCQs is that they do not aska
candidate to construct an answer, but rather offer a choice of answers. However, the
use of permutational MCQs can avoid this problem as the answer is achieved via a
sequence of correct choices to questions (Farthing et al., 1998).
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Maestre argnes: “.,, selecting the correct answer from an array of choices {s not an
accurate depiction of what people do when they solve problems in the real world”
(Mestre, 2000, para.68). Now some industry certification tests mix MCQs with
exercises that simulate responses from a real world networking devices, For
example, Odomn notes that: *... Cisco s including router and switch simulations in
the exam. So your ability to not just remember command syntax but also to know
what commands to use will be very important” (Odom, 2002, p.3).

Where a large bank of questions is available adaptive testing can be part of
the MCQ pro-ess (Bixler et al,, 2000). IT trainers and assessors have used adaptive
testing as part of their certification procssses. An example of this type of combined
MCQ/adaptive testing is the A+ Technicians exam, and CompTIA, will eventually
convert all of its exams into adaptive mode (Braoks, 2002), Odom commenting on
Cisco Certifications notes that: “The test adapts to you — if you answer & question

wrong, you will get more questions on that tepic” (Odom, 2002, p.3).

2,53 Summary

Vendors have developed their own programmes that involve alternative
methods and certifications than those provided by universities. Higher education
institutions are now offering some of these commercial certification programmes as
a component of their degree offerings. Arguably, in these cases, universities have
lost cantrol over part of their own course content and standards. Higher education
may well not be the first cholce of business to update emplayees® skills and
knowledpe. Hence some universities now find themselves consirained in needing to
conform to external, but alse, employment relevant curricula, Vendor endorsed
training tmay include MCQs. MCQs can test a wide range of knowledge quickly but
they have been criticised for a failing to assess in-depth understanding,
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2.6 Testing of CNT s Skills and Knowledge

Could CBAs be used within a specific area such as CNT curricula? After
investigating third-year university computing science students, Maj found that none
of the students questioned satisfied the employer expectations in the field of
computer and networking installation and maintenance with regard to safety, or
proper work procedures to avoid machine damage (Maj, Fetherston et al., 1998).
Molina Il notes the student demand for a networking course that would help them
gain employment oppottunities immediately after graduation (Molina III, 1997).
Pithers notes that;

“To become truly competent, leamers need supervised, deliberate
practice that is trainer assisted, especially in the initial stages,
...Expert performance takes time (i.e. much practice feedback);
trainers all too often tend to underestimate the practice/feedback
required for excellent performance™ (Pithers, 1598, p.175).

Moregver: “Skilled performers need to perceive encoded information and develop
sequences or schemas in the situation as well as execute rapid movements”
(Chamberlin & Magill, 1992, p.314). Mzj (1998} has also noted the need for
repeated practice for skill attainment as has Molina: *... becausr of rigorons hands-
on experience, students become extremely praficient in applisd networking and
obtain a deep understanding of the related theoretical aspects” (Molina 111, 1957,
p1).

If students are to be involved in practical hands-on tasks then there is the
problem of safety. Staff who have not been involved in practical issues that have a
safety component, or who are not conversant with modem safety Iaw, might
overlock modern mandated requirements. Such an understanding is not necessarily

based upen intelligence but on experience.
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2.6.1 Safety

Leonard niotes: ... many activities involve hazards of which the
participants are aware, It is the function of wernings to provide information about
hazards in order that they may be avoided” (Leonard, 1999, p.290). Maj notes the
importance of safety with respect to hands-on workshops in computer installation
and maintenance (Maj et al., 1997),

The importance of cotrect lifting technique is reinforced by Marcel who
notes that: “One out of every 25 men changes his work because of low back pain
resulting in early retirement and disability pension payments” (Mareal, Costigan, &
Stevenson, 1999, p.89), However, Albert et al note that; “Researchers to date are
still irying to determine the optimum lifting technique for minimizing lumber laad”,
(Albert, Stevenson, & Costigan, 1999, p.73).

Bigelow warns that people who repair menitors: “Dio not operate the
moniter without its X-ray and RF shields in place {if applicable}. It is also advisable
to work with a second person nearby” (Bigelow, 1999, 1.39). Brooks warns that:
“Unlike other printer types, the laser printer tends to have several high-voltage and
high-temperature hazards inside it” {Brooks, 1999, 1.354). Taylor notes factors that
affect the severity of electric shock on the human body (Taylor, Easter, & Hegney,
1998}, Severe burns can also result from electrical current passing through the
body. Goldwasser wamns that when engaged in maintenance work on computing
equipment people should not wear tings or jewellery that could either cause burns

and or electric shock or get canght in moving parts (Goldwasser, 1999,

Butrej and Douglas use case studies to demonstrate accidents or potential
causes of accidents to enhance safety appreciation and awareness, They note a
hazardous situation: where the Residual Current Devices (RCDs) were tested but
would stifl not disconnect the active or live line. The test button only tests the
interna] circuit, If the circuit is incorrectly wired the RCD may fail to cut off the
mains supply{Butrej & Douglas, 1995). Using the energy exchange model Hadon,
Suchman and Klien apply fundamental principles of conservation of energy to
explain and trace sequences of events resulling in accidents (Haddon, Suchman, &
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Kleine, 1964}, Taylot, Easter aud Hegney note that; “In this medel the hazard is
described not in terms of the object itself but rather the type of energy exchange
which caused the injury™ (Taylor et al., 1998).

The ever present risk of fire is of critical importance to safety, Chellis,
Perkings and Strebe note when referring to PVC coated cabling that. “If bumed,
one of the gases it creates is chlorine, which, when inhaled into the lungs, turns into
hydrechloric acid, This can do great damage to lung tissue” (Chellis, Perkins, &
Strebe, 1997, p.165). Mueller notes the possible fire hazard which can result from
having mote than one carthing or grounding peint on shielded networking cable
(Mueller, 1999),

Materials used that can cause harm are also becoming an increasingly
impertant camponent of hazard awareness and legislation. Mueller alse notes that
the A+ Technicians certificate requirements includes the requirement that the
candidates should be able to: “Identify items that require special disposal
procedures that comply with etvironmental guidelines”. He glso notes that they
should be aware of Material Safety Datasheets (MSDs) (Mueller, 1999, p.1440).
Polychlorinated Biphenyls (PCBs) present in elecirolytic capacitors can also
present a hazard particularly in old machines. Lester notes the World Health
Organisation (WHQ) research finings (WHO, 1987) stating that: “The World
Health Organization's International Agency for Research on Cancer (JARC)
considers PCBs to be probably carcinogenic to people” {Lester, 1999)

2.6.2 Legal implications of Safety

One of the employer requirements, according to Maj, was that potential
employees in computer and network support be aware of their legal responsibilities
and obligations (Maj, et al, 1998). A feilure to implement safety training could
leave both staff and institutions exposed to possible legal challenges in the event of
an accident. Maj has nioted the lack of student knowledge of legal Issues (Maj,
Robbins et 21, 1998),
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2.6.3 Hazard Awareness

Ramsey notes that: *“Investigating near misses as well as actual injuries can
also pay dividends” (Ramsey, 1999, p.10). Bell and Fogler have noted the potential
of virtual reality in simulating potential accidents in helping to promote discussion
(Bell & Fogler, 2000). Morrow and Crum note that; “Prior injury or accident is a
commonly used measure of objective risk” (Momrow & Crum, 1998). However,
waiting until after an accident has oceurred before preventative action is undertaken
invites needless harm, A genuittely proactive approach fully supported in both word
and action by the workforce and the management is required to build an effective
safety culture, Hofman and Stetzer note the influence of a safety culture on accident
rates and unsafe work practices {(Hofman & Stetzer, 1998),

2.6.4 Summary

Hands-on skills in the area of CNS are increasingly important. The
increasing popularity of vendor endorsed cerlification provision can pose both a
threat and an opportunity to the university sector, The providers of vendor endorsed
certification can define hoth syliabus and the relative importance of forms of
knowledge via their ongoing certification programmes. This leads naturally to the
question of how such changes are being responded to by computer and computer
networking curricula provided by bodies such as the ACM, ACS and BCS,
Concomitant with the need for hands-on skills and the problem of thelr effective
assessment is safety implementation, legal implications and hazard awareness.
‘These problems flow aver into the need for university staff being aware of such

55085,
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2.7 CNT Curricula

As well as practical skills, an understanding of theory is essential to
computer science education, Abstraction can be a significant aid to understanding.

2.7.1 Abstraction

Howe notes that:

“Abstraction can place conceptual knowledge in context and hide
undetlying details, Abstraction js defined as the generalisation;
ignoring or hiding details to capture some kind of commonality
between different instances™ (Howe, 2003, para.8).

Atkins notes that:

“One of the developments of science these days is the increased
level of abstraction, and so the more that you go into the great
achievements of scienee the more you find them mere and more
absiract,., You get the greatest power in the application of an idea if
you can make it abstract ... " {Atkins, 2003).

Abstraction along with the importance of integrating theory and practice is
emphasised by the ACM who note under a heading of “principles™ that: “All
compnier science students must learn to integrate theory and practice, to recognize
the importance of abstraction, and to appreciate the value of good engineering
design” (ACM, 2001, p.12}. Hence, both practice and abstraction are seen as
important components of undergraduate computing science study by the ACM, who
are arguably the world’s foremost body in this field. The ACM also notes that:

“Enduring computer concepts include algorithms, complexity,
machine organisation, information representations, modelling and
gbstraction.... While skills are fleting, fundamental concepts are
enduring and provide long lasting benefits to students, critically
important in a rapidly changing discipline” (ACM, 2001, p.70).

And the ACM note that;
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“Levels of Abstraction; the nature and use of gbstracton in
compnting; the uvse of abstraction in managing complexity,
structuring systems, hiding details, and capturing recusring patterns;
the abilily to represent an entity or system by chsiractions having
different levels of detail and specificity” (ACM, 1991a, p.75).

Significantly, the ACM does not recommend a specific sequence of units
for courses preferring instead to give a range of approaches noting that:

“Although some jnstitutions will presumably follow these models
with little modification, the course designs presented here are
intentionally designed to be flexible, allowing individual institutions
to customize them to fit their awn needs" (ACM, 2001, p.157).

2.7.2 The Bottom-up Approach to CNT Education

It should be noted that the ACM syllabi outlines are presented in a bottom-
up sequence (ACM, 2001), where the Computer Architecture syilabus and the
Architecture and Operating Systems syllabus both commence with digital logic
(ACM, 2001, pp.206-208). In describing the *hardware first' approach the ACM
note that: “The first course in the sequence covers the computer from the bottem
up” (ACM, 2001, p.34). Under a heading of “Tuopics” the ACM include: ...
Fundamenta] building blocks (Logic gates, flip-flops; counters, registers, PLA);
Register transfer notation; Physical considerations (gate delays, fan-in, fan-out)”
(ACM, 2001, p.34). The sequence of topics results in & bottomn-up approach going
from lower to higher levels of abstraction as shown in Table 4.
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Table 4. Architecture and Orpganization (AR) (ACM, 2001, pp.97-101).

(Modified)
Level of Code Course Core Teaching
Abstraction felective |  Order
A

ARS8 | Architecture for Elective
networks and distributive
systems

AR7 | Multiprocessing Elective

ARS | Functional Organisation | Core 6th

AR5 | Interfacing and Core Sth
communication

AR4 | Memory system Core 4th
organisation and
architecture

AR3 | Assembly level Core 3rd
representation of data

AR2 | Machine leve! Core 2nd
representation of data

AR1 | Logic and digital systems | Core Lst

Some overarching understanding of architectural details may still be
advantageous to many students. For example, Beesan and Gay note that the
University of Cincinnati associate degree program is advantaped by: “Having s
background in digital electronics and micraprocessor architecture and programming
allows the student a more fundamentsl understanding of new technologies as they
appezr on the scene” (Beeson & Gey, 2000, p.3). However, with a bottom-up
approach students may find it difficult to see the overall picture by being initially
introduced to large quantities of underlying detail (Staggers & Forrcio, 1993), with
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aresulting large conceptual gap that students would need to bridge in order to
understand the operation of an ectual computer. Constructivism suggests starting
with student’s models of the world (van Glasersfeld, 1992b) and bottom-up
approaches make it difficult for the students to see the whole picture and to fit the
pieces together (Scragp, 1991}, Furthemmore, the relevance of the lower levels of
shstraction may be questioned and the movement in curricula to higher levels of
abstraction has been noted by Clements who states that:

*... academics must continually examine and update the curriculum,
taising the level of abswraction. For example the generation of
students studying electronics in the 50’s learned about the nature of
electrons in magnetic fields. The next generation studied transistor
circuits, and the one after that studied integrated circuits” (Clements,
2000a, p.11),

2.7.3  Migration of CNT Syllabi towards Higher Levels of Abstraction

Clements also notes that the many improvements in computer architecture
education mean that: “students operate at a much higher level of abstraction than
they once did” (Clements, 2000, 1.12). This can be seen by a consideration of
figure 2 where the tising level of abstraction in the BCS cuwrriculum can be seen to
have increased over time. For example, a solid state physicist may regard digital
logic as a high level abstraction, whereas, from a computer systems perspective, it
may be regarded as form of low level abstraction as show in figure 2, The topic
areqs shown in figure 2 form a hierarchy of abstraction levels starting at solid state.
The conceplual knowledge covered in BCS, alongside conceptual knowledge

required at different levels of abstraction, is shown on the dizgram,
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Figure 2, An Overview of Abstraction Levels in Approaches te Computer
Technolopy Education across Different Topic Areas.
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Digital logic gate symbaols allow abstractions that de-couple such models
from # particular underlying technological implementation, Hence:

« This model is suitable for digital logic pates based upon relays,
thermionic valves {US: tubes), discrete transistors or various
integrated civeuits based ot a range of implementations.

a  This model is also an example of a top-down modelling scheme that
has not only steod the test of time but also has been used for
ieaching to different age proups and across a range of educational
lavels {Clements, 2000a; Doncaa, 1985; Lancaster, 1974, 1977,
Mano & Kime, 2000).

s Models of registers and other devices using such gates can be
represented at a higher level of ebstraction without the requirement
to understand the digital gates that make up such a function,
although the gates may be shown if required.

The success of the use of ebstraction in digital logic gate modelling, and the
need for a higher level of abstraction, provides motivation for the following
question: can an abstract mode! be found vpon which to base developments and
provide 2 framewark for student understanding within the field of CNT?

2.7.4 The Need for a High Level Abstract Model

Mudge notes that:

“Teaching students architecturai details of particular computers or
networks can lead io rapid chsalescence of much of the knowledge
acquired as the rapid pace change affects factors such as cost
compatibility, marketplace, and applications" (Mudge, 1994).

Furthermote, traditional approaches to teaching computer hardware may not
be relevant to modetn employment requirements (Mudge, 1996} and (Nwana,
1997).

A bottom-up approach may no longer be appropriate for meny computer
science students possibly due to the following reasons: there is a large conceptual

gap in proceeding from the bottom upwards with traditional syllabi due to the
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difficulty of reaching the point of understanding how 2 machine works, based upon
a foundatien of traditional digital [ogic, due to the complexity within modem
camputer systems and net-centric cormputing. For many students, a bottom-up
approach is not best suited to introducing concepts from a constructivist
perspective, as will be described in forther detail later, especially given the
expansicn and development in computer science curriculs {(ACM, 1991a, 2001).

An overview of abstraction levels in approaches to 1eaching computer
hardware technology units is shown in figure 3 whete the columns show examples
of the conceptual knowledge and associated procedural domain implemented via
given umits. It should be noted that higher levels of abstraction have been applied as
time proceeds, as can be seen fram the arcas covered by the BCS curricula, The
rows show examples of conceptual topic areas and associated examples of common

devices to which procedural knowledpe and skills may be applied.
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Fipure 3. An Overview of Abstraction Levels in Approaches to Computer
Techuology Education across Different Units.
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.75 Knowledge of Computer Systems and Networks

The new ACM/IEEE joint curriculum task force note new areas such as
multimedia and net-centric computing (ACM, 2001), as does Clements who notes
that: “Caomputer Science is expanding to include new areas such as net-centric
computing, multimedia, and visualisation™ (Clements, 2000c, p.19}. There are now
many undergraduate and postgraduate degrees offered in these subjects. However,
Clemenits also notes that: “Students in such programs don’t see the point of
studying computer architecture, and pressure is growing to drop it from the
curricula ...” (Clements, 2000¢, p.19).

In order to help to address concerns about the relevance of traditional
computer technology education Barnett suggested that standard computer
architecture is too complex for introductory courses, and a simple instruction set
computer should be used instead (Barnett I11, 1995}, This also has the advantage
that students can leam; relationships between machine code and assembly

statements and the underlying computer hardware.

2,7.6 Building CNT Pedagogleal Frameworks

Many different pedagogical frameworks have been used to aid student
understanding of CNT, including simulation, modelling, and building a machine,
Each of which will now be considered. It should be noted that simulation and
modeling are often used in an interchangeable way within the field of CNT. Pooch
and Wall note that:

“A model may be described as the body of information about a
system pathered for the purpose of studying the system. It is not only
an orderly collection: of information, but is an orderly representation
or structuring of the information. The characteristics should be
representative of the characteristics of the real system” {Pooch &
Wall, 1993, pp.14-16).

With respect to simulation Kheir notes that:

“Basically, simulation is the process by which an understanding of
an already existing {or 10 be constructed} physical system is abtained
by cbserving the behaviour of a mode! representing the system. Thus
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simulation is justly censidered the at and science of experimenting
with models” (Kheir, 1996, p.3).

2.7.7 Simulation and Modelling

Simulation can be used 2s a teaching tool for computer architecturs
(Donaldson, 1995; Hyde, 2000; Ibbett, 2000; Reid, 1992; Searles, 1993), The use of
simulafion as a tool fer performance evaluation has also been noted (Bose, 1959;
Lilja, 2000). The difficulty of providing a suitable pedagogical framework due to
the constantly changing nature of computer hardware and iis hiph [evels of
complexity has also been noted (Coe et al,, 1996). Skedron et al note that

*... the tremendous complexity of computer systems is making them
both difficult to reason about and expensive to develop. Detailed
software simulations have therefore become essential for evaluating
ideas in the computer architecturs field" (Skadron et al., 2003, .30).

Djordjevic et al note that an educational system simulation should suppert a
range of architectures and organizations, should graphically depict the system fom
the block to the register level and provide a means to follow the working of the
system at the program and instruction clock cycle levels (Djordjevic, Milenkovic,
& Grbanovic, 2000). As such, simulations can be used to support a top-down or

bottomn-up approach to support student understanding,

Dewdney distinguishes between the critical event technique and the time
slice method, In the critical event technique the simulation clock is just incremented
to the fime of the next change in the system being simulated and the new system
siate compuied; whilst the time slice methed increments simufation clock by some
small unit of tine and the system being simulated has its new state computed with
each increment (Dewdney, 1989).

Whatever method is used, all simulations cequire a model, Maodels can aid
the effective conceptualisation of a problem domain (Saaty & Alexander, 1581).
The results of simulation medels alsa need to be tested both against real world
situations and against each ather. Shriver and Bennett mention co-simulation where

two models, using different simulation techniques, receive identical inputs, and any
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differences in output between these two models can be observed, which helps to
etisure equivalence of representation (Shriver & Bennett, 1998).

As simulations require a model, then the question tnust be asked, is there a
simulation medel which can provide a suitable foundation for teaching CNT?
Furthermore, ar¢ there suitable models ot which to base top-down abstractians that
are appropriate for student use in the field of CNT? Such abstraction is an
important antidote to the inevitable redundancy of much hands-on skills attainment
flue to the rapid rate of change in the CNT field. Abstraction is an aid to the
understanding of fundamental concepts. The ACM note thet: “While skills are
fleeting, fundamental concepts are snduring and provide long-lasting benefits to
students, critically important in a rapidly changing discipline” (ACM, 200t, p.70).
This is also important in enabling students to fulfi! employer expectation in this
field for praduates o passess both the relevant skills and understanding. The
answers to these questions will be attempted in the papers presented in this thesis,

The modelling of computets has been described by many authors (Cragon,
2000; Mano & Kime, 2000; Shriver & Bennett, 1998). The importance of
modelling in respect to networking is nated by Ranbar (2001) and Kurose and
Mouftah (1988), and many others. Heidelberger and Lavenberg note that:

“Performance modeling is widely used not only during design and
development but also for configuration and capacity planning
purposes” (Heidelberger & Lavenberg, 1984, 1.1196).

Skadron et al note that:

“Analytical models and simulation are not mutwally exclusive.
Analytical madels can help to understend a system in ways that
simulation does not, They can also be used to validale a simulation-
based model” (K. Skadron et al., 2003, p.34).

Whilst Flassan and Jain note that; “Simulations can incorporate more details than
analytical modeling; thus, more often results can be produced that are closer to
reality (Hassan & Jain, 2004, p.76). Analytical models are mathematically based
(Boyce, 1981; Klamkin, 1995; Sanderfur, 1993) and queuing is a form of anzlytical

modelling (Cady & Howarth, 1990; Klienrock, 1975, 1976; Murdoch, 1978).
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Networks of quenes can also be analysed (Falkner, Devetsikiotis, & Ioannis, 1999;
Gatetto & Townsley, 2003; Menasce & Alemeida, 2002; Robertazzi, 1990),
However, queuing analysis often assumes a Poisson distribution, which isn’t the
case with most networks {Lilja, 2000; Paxton & Floyd, 1995). A point endorsed by
Tanenbaum who states that: “As researchers begun looking at real data it now
appears that network traffic is rarely Poisson but self-similar™ (Tanenbawm, 2003,
p.281), Furthermore, Stallings notes that:

“Video and Intemet waffic exhibit self similar character. By self
similar it is meant that it has structure at arbitrarily small scales.
...the structures repeat, A self similar structure coniains smaller
replicas of itself at all scales™ (Stallings, 1999, p.134).

Ethemet networks may also exhibit self-similarity (Leland, Teqqu, Willinger, &
Wilson, 1994; Willinger, Tagqu, Sherman, & Wilson, 1997). Hawever, Jain and
Dovrolis note that shorter TCP connections suffered greater variability than longer
connections when examining TCP flows across the Internet between Greece and the
USA (Jain & Dovrolis, 2002), Self similarity also has heavy-tailed distributions,
meaning that it exhibits a small number of long length data transmissions. Salehi
and Zhang note the self-similarity of the it rate variation of video transmission
over the Inlemet, and observe that smoothing significantly improves throughput
rates (Salehi, Zhang, Kurose, & Towsley, 1998). With respect 1o the self similarity
of network transmissions, Tanenbaum notes that:

“What this means is that averaging out over long periods will not
smaoth out the traffic. The average number of frames in each minute
of each hour has as much variance as the average numbet of frames
in each second of each minute. The consequence of this discovery is
that most models of network traffic do not apply to the real world
and should be taken with a grain (or better yet a metric ton) of salt"
{Tanenbaum, 2003, p.281).

A fitlly developed bandwidth madel to predict actual performance of
intemetworks may need to take findings such as self-similarity into account. This
has become an increasingly difficult undenaking leading to situations where the
application of Chaos Theory (Nagashima & Baba, 1999) may be required:



“As networks grow to connect millions of nodes, and as these nodes
al] communicate in unpredictable patterns, the resulting behavior
becomes very difficult to model or predict. Large highly connected
systems can show aggregate behavior with complex characteristies:
they can become chaotic, show self organising features or oscillate,
We see the possibility that large networks such as the Internet have
these tendencies, but we lack the tools or methods to explore this
eventuality, to model how it might happen, or control the resulting
behavior if necessary” {Clarke & Pasquale, 1996, p.668).

Many quening simulations use Monte Carlo methods and Gross and Harris
note that:

“Often it turns out that it is not possible to develop analytical models
for quening systems. ...the vast majotity of quening problems
encauniered, either encugh data do not exist, or the data are not in
the proper form to be utilized directly in the simulation, Hence, most
queuing simulations are of the Monte Carlo type” (Gross & Harris,
1974, pp.455-447).

They further note that the Monte Carlo technique:

*... mathematically generates a stream of psendo random nurmbers
from any given probability systems. These are referred to as pseudo
randomn because they are i reality a deterministic sequence (they are
generated by a completely specified mathematical procedure and can
be reproduced as required) which *acts' as if it is random™ (Gross &
Harris, 1974, p.459).

Special purpose computer programming languages such as General Purpose
System Simulation (GP3S) {Gordon, 1975} can be used to dea! with systems with
multiple queues (Dewdney, 1989), (Bull, 1992} as can the language SIMULA
(Birtwistle, Dahl, Myhrhaug, & Nygaard, 1973). However, Ofelt and Patterson note
that “Detailed simulation, one of the most cormon methods for estimating
performance, suffers from potentiaily long run times" (Ofel & Hennessy, 2000,
P-229). With respect ta models in the field of computer architecture Skadron et al
note that:

“Some modelling assumptions are essential for achieving relative
accuracy, while others add needless complexity. The current
undetstending of comrect abstraction levels and other important
aspects of accurate models is poor. This Jeads to a wasted effort on
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models and simulations that contain unnecessary detail while
simultaneously lacking certain  essenlial  information. For
hypothetical systems, & high precision — no matter how detailed the
model - can be wasted if the assumptions that underlie the detail are
inappropriate or change overtitne” (Skadron et al., 2003, p.34).

Modelling may be top-down or bottom-up depending upon the direction
taken; for example, modelling that proceeds from logic gate to registers to PC is
bottom-up, whereas an abstract performance based model could be regarded as top-
down. However, a meaningful metric would need to be utilized that could be

translated into perceived differences by students when observing a PC,

Yet, despite being able to provide some insight inte their operation,
modelling machines will not, in itself, give students hands-on experience of PCs,
which is often required in the werkplace, as PCs can fail in many ways not shown

in models,

%.7.£ Building a Machine

An approach to teaching computer hardware that adopts a hands-on
approach, and also addresses employer expectation for practical skills, is requiring
students to build andfor design their own computer (Heuring & Jordan, 1997; Hyde,
2000; Mueller, 2003; Pilgrim, 1993; Reid, 1992; Utd et al., 2000), However, this
could be expensive and may net give students experience of a range of machines.
Adequate storage space for the PCs in various states of completion for hundreds of
students could be problematic. Beil describes intensive workshops taking place
over three days where students pay for, build and keep the computers (Beil, Lange,
Olsen, & Spiecker, 1998), However, this in itself may not negate the need for an
overail conceptual medel, Building a relatively simple machine can be a bottom-up
approach if it starts from logic gates and registers to Microprocessor Units (MPUs).
Building a machine could also be top-down approach if it commences with the
requirement for a PC and uses Hard Disk Drives (HDDs) and MPUs to construct
suchaPC.

Building a machine is also a bottom-up approach that can be used to allow

studenis to gain an appreciation of how individual devices are put together fo form
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a working PC. However, taking apart a working FC, noting how the various devices
fit into it, can be regarded as a top-down approach. However, it may be better to
allow students fo gain an understanding of how the devices fit together to form a
working PC before attempting to construct their own PC from these components
and again, for this reason, a top-down approach that starts with a working PC is to
be preferred, Furthermore, there is a gap between appreciation of a HDD and logic
gates and again the difficulty in understanding the HHD controller operation via an
understanding of gates,

2,7.9 Summary

Abstraction is important because in respect of a given purpose it can de-
emphasise the inessential details whist emphasising the essential details. The ACM
recognise the imporiance of abstraction in CS education. Abstraction can aid & top -
down approach to CNT curricula, yet the ACM recommend a botiom-up approach
starting from digital logic. There has been a movement over time in CNT curricula
towards higher levels of abstraction, There is arguably a need for a high level
abstract model to avoid teaching students details of PCs and networks that suffer

rapid rates of obsolescence.

Various high level framewarks have been used to teach CNT including
simulation and modeiling, Modelling can include the use of quening theory
simulation languages or the use of chaos theory, Building a camputer adopts &
hands-on approach, and also addresses employar expectation for practical skills,

Some forms of abstraction can provide a de-coupling from the underlying
technological implementation, hence allowing some future proofing of student
lzaming. Digital logic gates have provided an abstract mode] which has stood the
test of time, However, such 2 model is at too low a level with respect to modemn
CNT for a top-down approach but is used in the bottom-up approach, which may
not accord with constructivist ideas fitting concepts starting with student’s models
of the world. It may therefore be appropriate to consider conceptual understanding,
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2.8 Concepinal Understanding

The ACM in queting from the National Research Council's fluency report
states that:

“Concepts explain the how and the why of information technology
and they give insight into its opportunities and limitations, Concepts
are the raw materiel for understanding new information technology
as it evolves"” (ACM, 2001, p.70).

The dominant theory aimed at the development of conceptual understanding
in education is constructivisiv. This has been extensively tested in the field of
stience and mathematics education (Cobem, 1991; Confrey, 1991; Driver & Bell,
1985; Wheatley, 1991). Constructivism is alse a foundation of many modern
teaching practices. Yet Ben-Ari notes the lack of influence of constructivism within

computer education stating that:

“Constructivism is a theory of leaming which claims that students
construct knowledge rather than merely receive and store knowledge
transmiited by the teacher. Constructivism has been extremely
influential in science and mathematics education, but not in
computer education”™ {Ben-Ari, 1998, p.257).

2.8.1 Constructivism

According to this theory students construct knowledge in order to be
meaningful in the student’s life situation (Cobem, 1991). They achieve this by
testing their constructed mental models against reality making necessary changes
(Brandt, 1998). Censtructivist educational theory is based upon enabling students to
build incressingly complex understandings based upon their current framewerk. In
particular, Constructivism nses the concept of Vygotsky’s Zone of Proximal
Development (ZPD}). Matching learning tasks within students’ ZPDs is a vitally
impartant companent of the teaching process from Vygotsky's Constructivist
perspective (Ridgeway & Passey, 1991}, Vygotsky, when referring to childhood
learning, described the ZPD as:
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“The distance between the actusl developmental lével as determined
by independent problem solving and the level of potential
development as determined throwgh problem solving under adult
guidance or in collaboration with more capable peers” (Vygotsky,
1930/1978, p.86).

Yet there is no single ZPD for individuals because the zone varies with culture

society and experience {Tharpe, 1988), Vygotsky was interested in social

relationships, and MacMamee notes:

“The ZPD is a concept that explains how thinking that Is initially
cartied out among people in pronps becomes reorganized with
individnals gradually taking over more contrel and direction of their
own thinking and relationships in a world in which they always
remain interdependent” (MacNamee, 1950, p.288).

Berger when discussing Piaget’s ideas on intelligence noted:

“People organize their thoughts so that they make sense, separating
the more important thoughts from the less important ane as well as
connecting one idea to another. At the same time, people adapt their
thinking to include new ideas, as new experiences provide new
information” (Berger, 1978, p.55).

‘Wadswaorth notes that:

“Piaget believed that the mind had to have stmetures much in the
same way as the body does... Schematn are intellesimal strectures
that organise events that are perceived by organism into groups
according to common characteristics. .. Assimilation is the cognitive
process by which the person integrates new perceptual matter or
stimulus events into existing schemata or patterns of behavier, ., ™
{(Wadsworth, 1971, pp.10-12),

Wadsworth goes on o note that:

“Sometimes a stimulus cannot be placed or assimilated into existing
schemata because there are no schemata into which it fits... What
does the child do? Essentially he can do one of two things He can
create new schema or he can modify an existing schema so that the
stimulus will fit into it; both are forms of accommodation™
(Wadsworth, 1971, pp.15-15).
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Piaget notes that: “mental life is also accommodation fo the environment” {Piaget,

1953, p.6}, and Dewey notes: “that there is an intimate and necessary relation

between the processes of actual experience and education” {Dewey, 1938, p.20).
““Whilst von Glasersfeld and Steffe note that:

“Because there is no way of transferring meaning, i.e. concepts and
conceptua! structures, from one students head to another, teachers,
who have the goal of changing something in student’s heads must
have some notion of what goes on in these heads. Hence it would
seem necessary for a teacher 1o build up a model of the student's
conceptual world” (von Glasersfeld & Sieffe, 1991, p.96).

However, new knowled ge nesds to be fitted into their existing stmcture of
knowledge (von Glasersfeld, 1992a). Piaget notes that: “The essential functions of
the mind consist in understanding and in inventing, in other words, in building up
structures by structuring reality™ (Piaget, 1971, p.27). Whilst von Glasersfeld also
nates that:

*... knowledge cannot simply be transferred by means of words,
Verbally explaining a problem does not lead to understanding,
unlzss the concepts the listener has associated with the linguistic
components of the explanation are compatible with those the
explainer has in mind, Hence it is essential that the teacher have an
adequate mode! of the conceptual network within which the student
assimilates what he or she is being told. Without such a model as a
basis, teaching is likely to remain 2 bit-or-miss affair (von
Glasersfeld, 1989, p,136).

This is reinforced by Mestre who notes that the knowledge the leamer has already

construcied will affect how they interpret new knowledge (Mestre, 2000), a point
reiterated by Wheatly (1991) and reinforced by von Glasersfeld who notes:

“Put in the simplest way, to understand whal someone has said or
wrilten maeans no less but also o more than to have built up a
conceptual structure that, in a piven context, appears to be
‘compatible’ with the structure the speaker had in mind, - and this
contpatibility, as a rule, manifests itself in no other way than that the
receiver says and dues nothing that contravenes the speaker's
expectations” {von Glasersfeld, 1989, p,134),

The consequences of this situation are noted by Mestre who states that:
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“What is deceptive is that students will often display ‘understanding’
in standardized science tests, in tests constructed by teachers, or in
text-embedded tests provided by texibook publishers, thereby giving
teachers a false impression of their student’s true understanding.
Tests that probe for factuzl knowledge or that do not force students
to apply the concepts covered in class will continue to show that
students ‘understand’ the matenal covered in class™ (Mestre, 2000,
para.35),

The need for a conceptually correct framework 10 be constructed by the
student is of the upmost importance for effective leaming to take place, With
respect to CNT education a common starting point for building a correct framework
could be computers and their performance as separate machines and as components
of a computer network, Yet, it should also be noted that constructivism has not

been without its detractors.

2.8,2 Criticisms of Constrzetivisin

Criticisms af constructivism include attacks upon its foundation, for
example McCarty asks: *... if all leaming is constaucting, there can be no
explanation of how one first leams to canstruet” (MeCarty & Schwandt, 2000,
p-80). Piaget takes a biologically based approach in that this construction is part of
an organism’s adaptation to its environment (Piaget, 1952),

Olsen notes an embedded conformism within constructivist educational

processes, stating that:

“Given that there are no independent epistemological criteria in
terms of ‘truth’ by which to anchor their assessments..., Is the
criterion: simply "what the teacher thinks?"; or is it the wisdom of the
elders?; or pethaps the ‘current orthodoxy' in the community.
Whatever it is, such guidance is hardly indubitable, nor likely to
encourage innovation ar change™ (Olsen, 1996, p.288).

Constructivism has also been critivised in respect 1o the ethical implications
that could arise from its application. Devitt notes that he has: “a candidate for “the’
most dangerous contemporary inteilectual tendency, it is ... constructivism™
{Davitt, 1991, p.11). Whilst Popper who notes that:
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Y., belief in the possibility of a rule of law, of justice and of
freedom, can hardly survive the acceptance of an epistemology
which teaches that there are no objective facts; not merely in this
particular case, but in any other case™ (Popper, 1974, p.5).

However, should a theory be tested only by its internal logic or shouid it be tested
on what it may, or may not achieve? Furthermore, should the requirements of
intellectual integrity be such that a theory ought to be pursued to where it leads and
not cease merely hecause it contradicts cherished beliefs? Sclentific methed could

be said to lack a maral impetrative, hence a need for a system of ethics approval,

Canstructivism has also been attacked for ihe lack of an objective

interpretation of reality in the teaching af science. Matthews notes that:

“The poal of science is to eliminale error varance or biss in the
explanation of the effect of the independent variable on the
dependant variable. While such error variance or alternative
explanation can never be entirely eliminated, through careful
experimentation and based on probahilistic statements generalizable
causal inferences to inform the practice of teaching to inform student
learning” (Matthews, 2003, p.59).

He then notes that: "notions of an objective and observable reality are in direct
conflict with the basic assurmnptions of a developmental/constructivist worldview"
{Matthews, 2003). Yet, if students were to undergo constructivist based
experimentally crientated learning then this may enable them to arrive at a better
scientifically based understanding of a topic, Einstein and Infeld have noted that:
“Physical concepts are free creations of the human mind, and are not, however it
may seein, uniquely determined by the extemal world” (Einstein and Infeld, 1967,
p.31). They draw upon the analogy of a closed watch, whereby a person can see the

effects, but can't determine its mechanism without opening the watch case.

Davson-Gale describes a hypothetical problem where a student whe
believes in Aristotelian ideas of force and motion and yet despite rational 2fforts of
persuasion, refuses to change their view (Davson-Galle, 1999). However, an
appreciation o f why modemn theories of physics are to be preferred over

Aristotelian physical theories could enable a hetter appreciation of scientific
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reasoning by both students and teechers, It is important to both encourage and
challenge student undersianding (Zahorik, 1997). Hewson notes that:

“The purpose of conceptual change is not to force students to
surrender their altemative conceptions to the teecher’s or scientist’s
conceptions, but rather to help students both form the habit of
challenging one idea with another, and to develop altemative
strategfes for having alternative conceptions compete with one
another for acceptance™ (Hewson, 1992, pp.9-10).

A critical experiential based approach to science can be vital for in-depth

understanding. Papper mentions that:

“Einstein cansciously secks for error elimination. He tries to kill his
theoties: he is consciously critical of his theores, which for this
reason, he tries te formulate sharply rather than vaguely” (Pepper,
1979, p.25).

Whilst Feynman, at the very beginning of his first lecture in a series that
became a semintal three volume work, notes: “The principle of science, the
definition almost, is the following: Experiment is the sole judge of scientific
‘truth™ {Feynman, Leighton, & Sands, 1963, p.1). A theory needs to survive many
tests. Bondi notes that: “A theory is tested by experiment and observation and if it
has passed one test, then it is 1he task of the theory to make further forecasts - to pa
as it wers, living dangerously - and to stick out its neck, So that it can be tested
ggain and again™ (Bondi, 1967, p.1).

An objection to the requirement to counter students’ beliefs, such as
postulated by Davson-Galle (1999}, is that this was not the manner in which most
teachers were taught; they may tot know the arguments for and against the myriad
of eccepted physical theoties, or the experimental evidence, some of which may
tequire complex equipment. Furthermore, teachers themselves may misunderstand
parts of an accepted theory (Reif & Aller, 1992}, Airasain and Walsh note the extra
time required for teachers to respond to student constructions and the extra time
required for siudents and teachers to becotne farniliar with constructivist methods
(Airasain & Walsh, 1997),
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2.8.3 Potential Benefits Constructivism in CNT Education

Applying constructivist ideas to CNT education would suggest starting fom
the concepts held by the student and then possibly utilising commonly held
coucepts. Such commonly held concepts could be the computer or networked
cotnputer, and then proceeding to the components of the PC brought about by
extensive hands-on exercises such as {zke place within the CIM unit workshops,
Students can then develop an understanding of the next level down, which is the
HDDs3 cards and Motherboard ete. Then the internal components of the HDD may
be noted by observing inside of the device. This helps to build meaning from a
student’s perspective by placing new knowledge in an overall framework with
respect to their previously held concepts, which implies a top-down rather than a
botiom-up approach. However, from the perspective of some clectronics
engineering students, the experience of the student may be of digital logic gates,
then registers and higher order components, in which case a bottom-up approach

may accorid with a constructivist approach.

Seragg has also suggested such a top-down approach (Scragg, 1991), and, as
noted previously, many students now studying CNT units do not necessarily come
from a technical background and would not be familiar with the basic digital logic
devices, and so this may not be a suitzble starting point even though the ACM
recommeend such an approach {ACM, 2001).

2.8.4 Summary

Constructivist theory is the dominant epistemaological theory within
education and has been used extensively and successfully in science education, but
it has not been used to a great extent within CNT education. Constructivist
educational principles suggest a starting point within a student’s ZPD,
Constructivism suggests teaching should take existing concepts of students into
account. A good starting point could be the likely common concept held by many
students of the computer and taking a top-down rather than a bottom-up approach.

74



2. 9 Constroctivist View of CNT

Due to the need to attempt ta provide a common starting point based upon
commonly held student perceptions of PC and network performance that is in
accordance with constructivist theory of taking students’ existing concepts into

account, then the major questions are:
¢ How do first year CNT students perceive PCs and computer networks?

= What is a suitable madel of PCs and computer networks based upon such
perceptions?

e  What metric could such a mode] use?

Performance is one way in which students may perceive CNT operation
hecause students can perceive performance differences by noting differences in
response times, quality of output or both. The need for increased performance is the
basis of much of the developments within this field and so student perception of
this factor is a possible basis upon which they may build conceptual frameworks.
Different underlying components such as various video and network cards, as well
as different network and intemetwork configurations would need to be used to
allow students to perceive differences in computer and network performance, Then
vsing a top-down constructivist model these perceptions could then be used to farm
the basis for understanding CNT theory. Such a top-down approach cauld also
mean that these models could be independent of a particnlar implemnentation
technelogy, providing some degree of future-proofing. However, such results based
upen perception would also need 10 be scaled to be made meaningful and

repeatable for comparison.

Performance can also be context dependant, Patterson and Hennessy nete
that better performance with respect to computers depends upon requirements
{Patterson & Hennessy, 1998), a point reinforced by Lilja who states that;

"Meirics that measure what was done, useful or not, have been
called ‘means based’ metrics whereas ‘ends based® metrics meastire
what is actually accomplished™ {Lilja, 2000, p.21).
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What measures, or metrics, can be used that are relevant to both the high
level abstract approach and the constructivist appreach to CNT education? Users
perceive performance differences in CNT technolopy, yet there are : wide variety
of metrics in use for the evaluation of performance within the field of CNT. These
include benchmarks, Millions of Instructions per Second (MIPS) Millions of
Floating point Opetations per Second (MFLOPS) {Hennessy & Pattersan, 1996b).
There is also the use of throughput, or bandwidih, in terms of rales of bps, Mbps or
Ghps {(Norton & Desmond, 1999; Shriver & Bennett, 1998).

However, the ‘usefulness’ of metrics with respect to judging the actual

performance is 2 major point of contention in the field of compnuter benchmarks.

2.2.1 Benchimarks

Benchmarks have differem vses in the PC industry which can inchede
system comparison, upgrade improvements and dirgnostics (Bigelow, 2001). A
computer benchmark is a test and may be used to indicate performance with respect
to running a specified suite of commonly used software (Duimovic & Dujmovie,
1998). These are known as application benchmarks (Hurwicz, 1998; Lilja, 2000).
Weicker describes the use of benchmarks using {loating point or integer
calculations (Weicker, 1991). A judicious mixture of benchmarks is often chosen to
use the strength of some measures to counteract the weakness of others in given
conditions (Chen & Patterson, 1994).

Hurwicz suggests using synthetic benchmarks to obtain approximate
computer or system performance measures, and the use of application mix
benchmarks 1o refine any measurensents obtained, if these are available (Hurwicz,
1998). Microbenchmarks can be used which emulate application activity (Chen et
al., 1996; Rafeel, Saavendra, Gaines, & Carlton, 19%3; Staelin, 1999),

Chen and Patterson have developed ‘self scaling benchmarks® {Chen &
Patterson, 1994). Hennessy and Patterson note that a self scaling benchmark
“automatically and dynamically adjusts several aspecis of its workload according to
the performance characteristics of the system being measured” (Hennessy &
Patterson, 1996, p.534).
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Krishnaswarmy, and Scherson use coarse grein and fine grain benchmark
classification scheme (Krishnaswamy & Scherson, 2000), as noted by Menasce in
figure 4.

Figure 4. Benchmark Classificatlon by Granularity (Menasce, Almeida,
Fonseca, & Mendes, 1999, p.196}

Coarse grain model. Fine grain model,
Little effort in data Large effort ip data
collectivn callection

Low Performance Model Accuracy High

IMenasce and Almeida place benchrnarks within a more complete
hierarchical system. Within this system, the innermost level contains synthetic
benchmarks thal perform only “basic operations’ such as addition and
multiplication e.g. Dhrystone. The next level up are ‘toy’ benchmarks that are small
programs such as the Towers of Hanot, The third leve! up contains kernels that are
parts of the essential code of actua! programs that can affect performance eg
Livermore loops (Menasce & Alemeida, 2002). They then go an to note that:

“At the outermost level of the hierarchy is the workload compaosed
of full-scale, real programs used to solve real problems. These
programs make up benchmark suites, such as SPEC and TCP”
(Menasce & Alemeida, 2002, p.265).

Whilst Mueller notes that:

“Benchumarks can typicaliy be divided into twe 1ypes: component or
system tests. *Component’ benchmarks measure the performance of
specific parts of the computer system, such as a processor, hard disk,
video card, or CD-ROM drives, whereas ‘system’ benchmarks
typically measure the performance of the entire compuler system
wunning a given application or test suite” (Muetler, 2603, p.198).

The SPEC benchmarks are used internationally {Cvetanovic & Kessler,
2000; Henning, 2000; Scltzer, Krinsky, Smith, & Zhang, 1999, Sharp & Bacon,
1994),
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Skadron et al note that: “No benchmark suite can be a one-size fils all solution™
{Skadron gt al., 2003, p.32}.

2.9.2 Problems with Current Benchmarks

The use of benchmarks is not without problems, such as when programs are
designed to achieve high benchmark ratings on specific benchmarks whilst being
incapable of achieving such pains in actual performance. Hennessy and Paterson
note that;

“A big factor influencing the usefulness of a benchmark is the ability
of the benchmark to resist ‘cracking’ also known as benchmark
engineering. Once a benchmark becomes popular there is
tremendous presswre  to improve performance by iargeted
optimisations or by 2ggressive interpretation of 1he rules for running
the benchmark, Small kemels or programs that spend their time in a
very small number of lines of code are particularly vulnerable”
{Hennessy & Patterson, 1996b, p.48).

Many benchmarks age with time due to changes in technology and need either to be
replaced or radically updated. There are also problems cavsed by lack of a
methedical or a scientific approach as noted by Mueller who notes that when:

... reviewers run a test of disk performance between two systems
with the same disk and controller drives, and say (with a straight
face} that the ong that came ovl a few milliseconds ahead of the
alber wins the test. With the statistical variation that normally eccurs
in any manufactured components these resulls are meaningless”
{Muelier, 1999, p.1436).

Such a lack of scientific approach can ke found in the unreasonable numher of
significanl figures used by some practitioners when quoting benchmark results and
manty benchmarks may not translate direcily into user abservable quantities.
Different benchmarks, although purporting to measure the same quantities, may not
give the same results when measuring the same quantities under the same
conditions {Saavendra & Smith, 1996). This notwithstanding, Saavendra and Smith
further note that:
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“Standard benchmearking provides the runtimes for given pragrams
on given machines, but fails to provide insight as to why these
results were obtained” {Saavendra & Smith, 1996, p.344).

Such failings can make benchinarks unsuilable as a foundation on which to
build a constructivist based understanding of CNT. Lilja notes that:

“Most fields of science and engineering have well-defined tools and

techniques for measuring and comparing phenomena of interest and
for precisely communicating results. In the field of computer science
and engineering, however, there is surprisingly little agreement on
how o measure something as fundamental as the performance of a
computer system” {Lilja, 2000, p.xi).

In a chapter entitled “Metrics for performance™ Lilja notes: “The bandwidth
of a communication netwark is 2 throughput measure that guantifies the number of

bits transmiited across the network per second™ (Lilja, 2000, p.19). Hence
bandwidth can be regarded as a performance metric.

2.9.3 Bandwidth as a Performance Measurement

Bandwidth can be considered at a rapge of different levels of abstraction
and hence has the possibility of being amenable to forming a basis for a top-down
modelling approach. Such a mode) allows de-co” pling from the particular
nnderlying implementation techinology wtilised and has the possibility of providing
some future proofing with respect to student leaming. As an example, a HDD is
composed of an HHD controller and platers end heads. The bandwidth of these
components of these can be compared to the resultant bandwidth of both at level of
abstraction, namely the bandwidih of the HDD. Therefore a bandwidth based

model:

+ Allows the possibility of being recursively decomposable into lower

level abstractions due to its hierarchical naturs.
s Can be described using diagrams and so is self’ docuzﬁehting.

« Controls the level of detail due to the use of abstraction.
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+ May accord with student conceptual understanding as it would start
with the PC and then move to lower level abstractions and may also
accord with constructivist principles by praceeding from previously

held student concepts.

o Allow the use of units such bits per second {bps) or Mega byies per
second (MB/5) from which deriz«d units can be obtained, such as
images per secand or frames per second (fps), that are more relevant

to the end user when, for example, evaluating full picture molion.

¢ A high level abstract bandwidih based model may allow decoupling
from the underlying details of a particular implementation
technolagy and help to provide some future proofing of student
leaming,.

A high level abstract mode! based upon bandwidth provides an overarching
framework for the new abstract model component shown in fgure 5.
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Figure 5. Conceptual and Procedural Levels in CNT Curricula
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This leads to the need for a more in-depth consideration of bandwidth concepts and

applications.

2.9.4 Summary

A comput: ‘benichmark is a test which can be used to assess performance,
But different benel..narks may give different results when meastring the same
quantity. Benchmarks change over time making it difficult to provide future
proofing of student learning. Benchmarks may not use linear scales, and may not be
based upon performance as perceived by users. From an educational standpoint,
this means that the use of benchmarks to gain an overall understanding of the
development and vnderlying principles of CNT technology is problematic.

From a constructivist perspective the existing perceptions of the students
needs to be taken into account. Such experiences may be based upon pecformance
and bandwidth may provide a suitable model based on these perceptions. A
performance based model] based on bandwidth requires a metric measured in bits
per second or mps or MBYs, From these units more meaningful units can be derived
with respect to perfenmance units such as fps. A bandwidth based model may be
particularly applicable to net-centric curricula due to the emphasis on bandwidth
concepts. An abstract performance model could be adventageous as it could be
decoupled from the underlying technological implementation which can be subject
to rapid technological change. L€ it can be demonstrated that bandwidth is a
persistent and valid metric then it could form the basis of a new high level
abstrection model,

B2



2.10 Bandwidth

Hennessy refers to bandwidth in Mbytes/s (Hennessy & Patterson, 1956b).
Hudson et al note that: ... the real capacity of a network is known as throughput”
(Hudson, Caudle, & Cannon, 2003, p.117). This can be ucfined as the file size
divided by the download time. Cisco notes that “Throughput refers to the actual,
measured bandwidth, at a specific time of the day” {Cisco, 2001, p.36).
Oppenheimer nates the factors that constrain throughput, which include the
following:

¢ End-to-cnd error rates
* Protocol functions, such as handshaking, windows, and
acknowledgments
Protocol parameters, such as frame size and retransmission timers
The FPS and CPS rate of intemetworking devices
Lost packets or cells at internetworking devices
Workstation and server performance factors
- Disk-access speed
- Disk-caching size
« Device driver performance
- Computer bus performance (capacity and arbitration methods)
- Processo1 CPU performance
- Memory performance (access time for real and virtual memory)}
- QOperating systems inefficiencies
- Application inefficiencies or bugs

{(Oppenheimer, 2001, p.32)

Whilst Mueller states that: ©... transfer rate is often called the *bandwidth”
(Mueller, 2002, p.299). Bandwidth and throughput are often taken to be equivalent
terms as is the case in this thesis.

2.10.1 Bandwidth as a Poient{al Performance Factor

Insufficient bandwidth can cause boitlenecks; the importance of reducing
bottlenecks in computers has a long history, McCattney notes the importance of
bottleneck avoidance on the ENIAC where: “To aveid other data slowing
bottlenecks, Echart and Mauchy decided to use accumulators not only to store
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numbers but also to be able to add and subtract them and to be able to transmit the
result within the machine™ (MeCartney, 1999, pp.63-70).

The PC can be viewed as a complex collection of heterogeneous devices
interconnected by a range of bus structures. However, from a user perspactive, a PC
is a low cost, storage device capable of processing data. Could bandwidth also be
potentially useful from a constructivist perspective? Furthermare could this model
also record with the ACM criteria on abstraction namely that: "All camputer
science students must learn to integrate theory and practice, to recagnize the
importance of absiraction, and to appreciate the values of good engineering design™
(ACM, 2001, p.12).

PCs can be classified using Flynn's schema (Flyno, 1966} namely: “1.
Single instruction stream, single data stream (SISD, the uniprocessor); 2, Single
instruction stream, multiple data stream (SIVID), 3. Multiple instruction single data
stream (MISD); 4. Multiple instruction stream, multiple data stream MIMD”
{Patterson & Hennessy, 1998, p.748).

Using such 2 classification scheme the PC could be regarded as a MIMD
architecture of sub-units {Clements, 19589) due to the fact of its sub-components are
working on their own data and instruction streams. The rate of data flow between
such sub-units then becomes an important consideration. This gives credence to the
possibility of top-down abstract models based upon bandwidth considerations.
Such models could altow comparison as between the bandwidth of sub-units at a
particular level of abstraction and the bandwidth within these sub-units ot a lower
leve! of abstraction. This approach is further aided by the bandwidth of various
devices being published quantities. Again, a higher level abstraction approach can
de-couple a mode! from the underlying details of a particular technological

implementation.

Commenly used PC devices wilh their associated bandwidths are shown in
table 5,
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Table 5, Bandwidths of Typical PC Devices (Patterson & Hennessy, 1998,

p.6ad)
Device KB/s
Keyboard 0.01
Mouse 0.02
Floppy disk 100
Laser printer 200
Scanner 400
Magnetic Disk 2000 — 10000
Graphics display 60000

All the major components of a PC that influence its performance will now
be considered from a handwidih perspective, starting with primary memory.

2.10.2 Primary Memory Bandwidth

Memory bandwidth has been investigated by Hennessy and Patterson,
{1956) and this has long been viewed as a key characteristic of a computing system,
Cragon notes that the Zuse Z3 computer built in 1944 which used approximately
2600 magnetic relays had a clock rate of 5.3Hz and a 22 bit data width and took
one cyele 10 load {Cragon, 2000, p.23). This gives a bandwidth of 5.3 x 22/8x 1 =
14.6 Bfs. Memory bandwidth has increased greatly over time and was also regarded
as a distinguishing characteristic of the performence of a computer. For examptle
the memory bandwidth increased from 0.5 MB/s for the cheapest modet of the
rangs up to 16 MBfs for the most powerful model in the IBM 360 family from the
year 1964 (Pugh, Johnson, & Palmer, 1991; Stailings, 2003).

The importance of bandwidth limitations in primary memory, as this
becomes progressively lower than the processor ¢ ycle time, is known as the
memery wall (Flynn, 1999}, Whilst Burger, Goodman and Kagi noted that: “The
growing inability of memory systems to keep up with processor requests has
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significant ramifications for the design of microprocessors for the next decade™
(Butger, Goodman, & Kagi, 1996, p.78). They also edded that pin bandwidth could
become a severe physical limitation. However, a year later they noted that:

“Neither leng latencies nor the increased bandwidth requirements
constiluted a ‘memory wall' that will eventually inhibit improved
microprocessor performance. Instead, designers will employ a range
of design decisions and new technologies to preduce balanced, cost
effective systems” {Burger, Goodman, & Kagi, 1997, p.55).

Crisp notes bandwidth scaling problems of multi-media computers whereby
the bandwidth demands of video and sound make provision of sufficient memory
bandwidth critical (Crisp, 1997). Campazisons of a range of DRAM architectures
have been undertaken (Cuppyy Jacobs, Davis, & Mundge, 1999; Katayama, 1997).
Minasi observes the increasing significance of bandwidths for DRAM and how

such bandwidth has increased in time in table 6.

Table 6. DRAM Bandwldth (Simplified) (Minasi, 2001, p.465)

Type f;;::i Rete” ﬁ?fs;”id‘h Peak Bandwidth
(MHz}
FPM (60, 70ns) 1990 | 25 64 200MByps
EDO (50, 60, 70ns) 1994 | 40 64 320MBps
SDRAM (133MHz) 1999 | 133 64 1.1GBps
RDRAM (Direct Rambus) | 1999 [ 400(x2) |16 1.6GBps
DDR SDRAM (133MHz) | 2000 [ 133 (x2) |64 2.1GBps
SLDRAM | e 400(x2) |16 1.6GBps

2.10.3 Secondary Memory Bandwlidth

Disk drive bandwidih is alse vitally important, Nerton et al note, under a
heading of “Key Specs” the transfer rate as being: “The rate at which the drive and
controller pass data back to the PC system, measured in megabytes per second, A
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higher number is beter” (Norton & Desmond, 1999, p.289). Whilst Mueller notes
the transfer rates for various secondary memory devices and that: *Most drive
manufacturers now report up to five transfer rates, Cne is the interface transfer rate”
(Mueller, 2002, p.602), Mueller further notes that:

*... the media transfer rate is more important than the interface
transfer rate because the media transfer rate is the true rate at which
can be read from the disk, which Is how fast data can be read fom
the drive platters {media). It is the maximum rate at which that any
sustained transfer rate can hope to achieve™ (Mueller, 2002, p.603).

Disk Transfer rates or bandwidihs have greatly increased over time Harker ¢l al
report that the data rate went up from 8.8 KB/s in 1957, to 68KB/s in 1962, to 312
KBfs in 1966, and to 1198 KB/s in 1976 (Harker, Brede, Patterson, Santana, &
Taf, 1981, p.678). Furthermeore, the bandwidth of IBM invented floppy disks rose
from 33,333 bps in 1971 to 500,000 bps in 1977 (Pugh et al., 1991, p.521), and
bandwidths of other secondary memory devices such as Digital Versatile Discs
{DVDs) and CD-ROMSs have also increased over time (Muelier, 2003).

Many anthors have noted the impostance of disk caching {Clements, 2000b;
Stallings, 2003), as does Mueller who states that:

Many ATA and SCSI drives have cache memory built direcily into
the drive’s onboard controller. ... These integrated caches are part of
the reason many ATA (IDE) and SCSI drives perform so well”
(Mueller, 2002, p.606).

Shriver has extensively investigated disk caching (Shriver & Bennett, 1998). Whilst
Reddy has investigated a range of Disk I/O systems with different write back
policies and caches sizes (Reddy, 1992), HDD bandwidths can also be derived via a
consideration of the revolutions per second (rps) giving the time for a single
ravolution of the disks. Dividing this into the track capacity given in MB gives the
bandwidth in MB/s, Hence this bandwidth can also be compared to the bus
bandwidth of the HDD controlled as well as the EIDE bus used to carry this data to
the IO motherboard contraller chip, This can allow an understanding of
performance requirements of devices that the data passes through by considering
the matching of their bandwidth requirements.
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Although the bandwidths of the separate components that make up a
computer system are important, the bandwidths of the buses thet <nable data to
flow between these components at the required rates are also imporiant.

2.10.4 Bus Bandwidth

Shiver and Bennet note that “As gpplied to buses this means to attempt to
eliminate or reduce the number of bus transactions and transfers required Shiver
and Bennet further note that this also reduces the need to purchase extra bus
bandwidth” (Shriver & Bennett, 1998, p.468). Shiver and Bennet note that:

“The trangfer of compressed data clearly permits available bus
bandwidth to be used more effectively, but it requires special
processing by both source and destination. ...Generally the system
bus traffic is also reduced, increasing the available hus bandwidth
for other tasks” (Shriver & Bennett, 1998, p.471).



The bandwidth of a range of buses has been noted by Mueller, as shown
below table 7.

Table 7. Bandwidth comparison of PC Buses and Intarfaces (Mueller, 2002,

p.290) (Modified)

Bus Type Bus Width | Bus Speed | Data Cycles per | Bandwidth
D (Bytes) | (MHz) (C) | Clock Pulse {E) | {MB/s)
B=CDE

PCI 4 13 1 133
PCl66MHz/64-bit | 8 66 1 533
AGP 4 66 1 266
AGPx 8 4 66 8 2,133
RS 232 Serial 1/8 0.1152 110 0.01152
USB 1.1 1/8 12 1 1.5
USB 2.0 1/8 480 1 60
IEEE 1394b 81600 | 1/8 1600 1 200
SATA-600 1/8 6000 1 600
SCSI (Ulira 4) 2 40 1 80

“Burst mode transfers realize the highest wransfer rates and make the most
efficient use of the available bus bandwidth"” (Shriver & Bennett, 1998, p.388).
Whilst Finkelstein and Weiss note that “The bus bandwidth and transfer parameters
place a limit on the system performance” (Finkelstein & Weiss, 1999), and Meyers
note the impartance of the Advatced Graphics Port (AGP) bus when using high
resolution monitors with a large colour depth requiring high bandwidth (Meyers,
2001). Shriver and Bennet note that the “AGP is aiso a PCI Bus variatien that is
dedicated to a single high bandwidth peripheral” (Shriver & Bennett, 1998, p.395).
This important point is also taken up by Halhill who notes that AGP can extend the
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life of the PCI bus by switching graphics into a dedicated pathway such as AGP
(Halfhill, 1999).

Bus bandwidth is an important factor in PC performance (Messmer. 997;
Minasi, 2001; Wilkinson, 1996). However, measures of bus bandwidth nzeds to be
taken in the context of an overall system. Paterson and Hennessy note the pitfall of:
“Using the peak transfer rate of a portion of an O system to make projections or

performance comparisons™ (Patterson & Hennessy, 1998, p.688).

2,10.5 Microprocessor Bandwidth

This can be dependent upon clock speed, inmernal bus widths and the
number of instructions and executions per cycle (Muelles 2002). Suboptimal wait
states can plso be calculated via bandwidth considerations (Muetler, 2002).
Microprecessor performance can also be affected by microprogram:ing. The use
of microprogramming avoids the complexities of processor hardware design
moving problems into software that can be changed at a later date if needed.
However, Englander notes that: “A major disadvantage of the microprogrammed
approach is that each step in the fetch-execute cycle now requires several clock
cyceles to achleve completion Jf the micro instructions that make up that step”
{Englander, 2000, p.316). Microprogramming was suggested by Wilkes (Wilkes,
1951; Wilkes & Stringer, 1953). Bandwidth can therefore be increased by not using
micro-coding. This is the approach taken by (Reduced Instruction Set Computer)
RISC machines, For microprogrammed Complex [nstruction Sct Computers
(CISCs), Minasi notes ihe importance of “Microcode efficiency: The number of
steps requived to multiply two numbers together” (Minasi, 2001, p.106). Shiver and
Bennet note that at the micro-code level improvements can be made by the: *...
use of paralle] decoders significantly impreves decode efficiency thereby increasing
the decode bandwidth™ (Shriver & Bennett, 1998, p.124).

Microprocessor bus interfaces and associated electronics come together in

specific implementations in the modern PC via the use of chipsets.
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2,10.6 Chipsets

The importance of bandwidth consideration in modem chipset design is

noted by Mueller who slates that:

“The Chipset contains the processor bus interface (called the front-
side bus, or FSB), memory controllers, bus controllers and more...
Because the chipset contrals the imerface or connections between
the processor and everything else the chipset ends up dictating
which type of processor you have; how fast it will mun; how fast the
buses will nun; the speed type, and amount of memary you can use;
and more” (Mueller, 2002, p.226),

Shriver and Bennel note that:

“At the chipset and motherboard levels there is a secemingly
insatiable demand for bus demand for bus and memory bandwidth.
The memory and I/C subsyslems must be optimised to sustain the
higher processor performance and higher bandwidth transfer rates
required for sccess processing and display of 3D graphics™ (Shriver
& Bennett, 1998, p.508).

Intel’s Northbridge chip is the connection between the high-speed processor
bus and the slower AGP and PCI buses while Intel’s Southbridge is the bridge
belween the PCI bus and the even slower ISA bus {Bigelow, 2001). Mueller also
describes how the buses fit together in terms of bandwidth using the diagram as
noted in figure 6. The appropriate device bandwidths can be matched to the bus
bandwidths which can be used to emphasise to students the importance of
bandwidth to PC design by requiring them to calculate the bandwidth of the devices
and their buses in MB/s and getting the students to annotate such diagrams as
shown above with the devices along with their corresponding bandwidths, For
example, 2 moniter with requirement of 3 bytes per pixel and a resolution of 800 x
600 pixels would require a frame memory of 430,000 x 3B with a refresh rate of 80
fps this would result in a bandwidth requirement of 28.8 MB/s. Other devices and
buses can be matched and compared in a similar fashion. A monitor with a
resolution of 1200 x 1000 and 3 bytes per pixel and a refresh rate of 80 fps would
required a bandwidth of 1.2 x 3 x 80 =288 MB/s, which is greater than the PCI bus
bandwidth. Hence the need for greater bandwidths for buses supporting video
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applications which can be supplied by the AGP bus. For Pentium 4 with a 100MHz
8 B wide data and 4 data clock cycles per clock pulse (Mueller, 2003, p.427). Its
bandwidth can be given by:

B=CDE =100 x 8 x 4 =3,200 MB/s = 3.2 GB/s.

The RDRAM has a data width of 2B and a frequency of 400MHz with 2
data clock eycles per clock pulse (Mueller, 2003}, Its bandwidth is given by:

B=CDE=400x 2 x 2 = 1600 MB/s = 1.6GB/s.

Furthermore the hierarchy of buses in terms of bandwidth with added
typical bandwidths delineated in figure 6.
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Figure 6. Pentinm 4 System with Intel Chipset (Mueller, 2003, p.275)

(Modified).
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2.10.7 Bandwidth and Multimedia

The need for bandwidth can perhaps best be exemplified by real time
realistic graphics systems that need to be able to handle complex geometries, high
resolution images, textures and live video streams, hence the need for graphics

accelerators. Anderson notes two basic design variations whereby:

“Low end workstations tend to rely on the host CPU for graphics-
compute tasks such as geometry caleulations, which require
processing or floating point power. For the other type of accelerator,
local compute power is added inside the graphics aceelerator itseli™
{Anderson, 1999, p.74).
There are, however, trade offs between fidclity and bandwidth (Shriver & Bennett,
1998, p.334). Examples of video adaptor memory bandwidth requirements for
different fidelities are shown in table 8. This teble has an additional column added,
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with a heading of Bandwidth = Memory x 80 fps = (MB/s), which assumes a frame
per secand rate {fps) of 80fps. Requirements for increased multimedia realism have
led to increasing demand for bandwidth,

Table 8. Yideo Display Adaptor Memory Requiremeats for 2D Operations
{Mueller, 2003, p.887) (Modified)

Reschution Colour | Noof Memoty Bandwidth =
Colours required (B)
Depth Memory x 80 fps =
(MB/s)

(bits)

640 x 480 8 256 307,200 24.6

640 x 480 16 65,536 614,400 492

800 x 600 8 256 480,000 384

800 x 600 16 65,536 960,000 76.8

1024 x 768 16 65,536 1,572,864 125.8

1024 x 768 24 16,777,216 2,359,256 188.7

1280 x 768 16 £3,336 2,621,440 2097

1280 x 768 24 16,777,216 3,932,160 314.6

It should be noted that the resolution, the refresh rate, and number of caleurs ail
contribute to the bandwidth requirement. The tendency over time is for this to
increase. Boyce notes a typical early monochrome monitor providing 25 lines and
40 characters per line, Each charscter is formed by using an 8 x § = 64 pixel cell.
This gives a memory requirement per frame of 25 x 40 x 64 bits = 8000B (Boyce,
1979). Assuming a 60 fps refiesh rate, this would result in a bandwidth of
0.48MBfs. This is considerably less than that required for modern colour monitors.
This is in accordance with an assumption of increasing demand for more bandwidth
over time. Hence, 2 performance measure based on bandwidth criteria could prove

a useful model as bandwidth induced effects can result in performance differences,
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which can be ohservable by students, e.g. fundamental units in MB/s can be

exprested in derived units of inages per second.

2.10.8 Networks with respect to Bandwidth

Clarke and Pasquale note that the: "Integration of low-power, high-
capability microprocessors and digital signal processing will pravide the possibility
of high-bandwidth communications on the move everywhere” (Clarke & Pasquale,
1996, p.688). In the field of computer networking, bandwidth has a well established
history as papers such as ‘The Bandwidth Famine' by Wilkes (Wilkes, 1996} can
attest. Clarke and Pasquale note that: .. there never seems to be enough
bandwidth. As more bandwidth is provided, users coneeive new applications that
consume it” (Clarke & Pasquale, 1996, p.681). Hudson et al note the importance of
bandwidth utilization on network performance noting it can be reduced by:

“Reducing the number of devices on a segment. Reducing the
number of protocols in use on the segment. Disabling bandwidth
intensive applications of protocols, such zs those that suppott video
or audio streaming, Relocating the systems consuming the miost
bandwidth on the segment™ (Hudson et al., 2003, p,118).

Whilst Goldman and Rawles note that: “Bandwidth management, often used
interchangeably with the term traffic shaping, can be the apprapriate allocation of
bandwidth to support application requirements” (Goldéman & Rawles, 2001, p.548).
However, bandwidth remains an important consideration at each of the layers of the
International Standards Qrganisation (ISO) Open Systems Interconnection (OST)
seven layer model and can provide a possible starting point for network
perfortnance models. Each layer will now be considered individually.

2.10.8.1 OSI layer 1 Bandwidth Considerations

Hudson et al note that; “Frame relay uses Statistical Multiplexing to allocate
bandwidth to virtual connections” {Hudson el ad, 2003, p.167). This enables sharing
of bandwidth based upon need and opportunity for such sharing using Statistical
Time Division Multiplexing (STDM) (Dennis, 2002). Menasce and Almeida list a
bandwidth hierarchy as shown in table 9.
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Table 9. Network bandwidth hierarchy (Simplified) (Menasce & Alemelda,
2002, p.164)

Network connection Theorelical Bandwidth
56 Kbps Modem 56 Kbps
ISDN BRI (phone line) 64 Kbps
D31/T1 {dedicated connectiorn) 1.5 Mbps ]
DS3/T3 (dedicated connerting) 45 Mbps
Ethernet 10 Mbps
Fast Ethernet 180 Mbps
0C-12 622 Mbps
0Cc-192 10 Gbps
0C-48 with WDM 40 CGbps
0QC-768 with DWDM 6.4 Thps
McGregor notes that:

“When o remote sile's bandwidth demands outstrip its link's
capacity, the best solution is the provision of more bandwidth.
However, in some cases an additional line ot additional circnits
might not be practical, especially if the bandwidth demands are
sudden or unaxpecied” (McGregor, 2002, p.323).

Ballew notes the use of Bandwidth Allocation Protocol (BAP) to
automatically add or remove extra links using ¢xtra dial-up or Integrated Systems
Digital Netwerk (ISDN) lines when extrs bandwidih is required (Ballew, 2001),
whilst with respect to 100BaseT Local Area Networks (LANS), Bruno notes:

“The 4B/5B coding takes 4 bits of data and expands it into a 5 bit

vode for transmission on the physical channel. Because of the 20

percent overhead, pulses ran at 125 MHz on the wire to achieve 100

Mbps™ (Bruno, 2003, p.118).

McGregor also notes the use of gueuing which enables the storing of data,
sent or received, until it can be dealt with (McGregor, 2002). This enables a more
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efficient use of available bandwidth, Different classes of queues can be employed
to minimise specific types of delays (Lewis, 2003; Morgan & Dennis, 2001;
Thomas et at., 2000). Fusthermore, Coccetti and Percacei have noted that
bandwidth can be strongly influenced by quene configuration (Coccelti & Roberto,
2002).

The importance of using available bandwidth is emphasised by the Voice
over Internel Protocol (VoIP) default usage of Voice Activity Detection (VAD) as

described by Bruno who notes that:

“Because you listen and pause between sentences, typical voice
conversations can contain up 16 60 percent of silence. In plain
telephone networks, all voice calls use fixed-bandwidth, 64-kbps
links, regardless of how much is speech and how much is silence, In
multi-service networks all conversation and silence is packstized.
Using VAD, packels of silence spurs can be suppressed, Instead of
sending VolP packets of silence, YoIP gateways can interweave data
traffic with VoIP conversations 10 more effectively utilize network
bandwidth, Bandwidth savings are at lesst 35 percemt in
conservative estimates™ (Bruno, 2003, p.551).

The importance of having snfficient bandwidih of Wide Area
Network (WAN) interfaces not just on high speed LAN imterfaces is important as
deseribed by Bartell who notes that: “High speed links as well as low speed links
need to be able 10 provide users with enough bandwidth to survive network bursts
of traffic, just as intersiate highways do™ (Bartell et al., 2001, p.345).

2.10.8.2 OS] layer 2 Bandwidth Considerations

With respect to layer 2 swilches Minasi notes that: “Switching makes it
possible to connect multiple LANS to get all the advantages of being linked without
the disadvantages of sharing bandwidth™ (Minasi, 2001, p.1220).

Spanning Tree Protocol (STP) prevents loops at layer 2. Such loops could
use up 2l availabte bandwidth by endlessly cycling the same frames (Hucaby &
Boyles, 2001; Ratliff. 1999).

Lewis notes: ", implemenling VLANSs improves bandwidth utilization™
(Lewis, 2003, p.126}.
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With respeet to Frame Relay traffic shaping Morgan and Dennis make
cxtensive use of bandwidth concepts such as Committed Information Rate (CIR),
and Peak Information Rate (PIR), all expressed in units of bits per second (bps)
(Morgan & Dennis, 2001).

2,10.8.3 OSI layer 3 Bandwidth Considerations

The use Reund Trip Time (RTT) of packets can be used for analysing
network perforrnance using PING as has been mentioned by many researchers
(Bovey, Mertodimedjo, Hooghiememstra, Uijterwaal, & ven Mieghem, 2002;
Carbone, Coccetti, Dini, R., & Vespignani, 2003; Coccetti & Roberto, 2002).

Some routing protocels help to conserve bandwidth in many different ways
such as finding the shortest route in terms of combinatiens of hop count,
bandwidth, and reliability (Doyle 1998, 2001; Forouzan, 2000; Zinin, 2002).
Furthermiore, bandwidth can also be conserved by using triggered updates instead
of more frequent regular updates. McGregor notes that:

“Some routing protocols, such as OSPF and EIGRP, send routing
updetes that contain only infornation about routes that have
changed. These incremental routing updates make more efficient use
of bandwidth ..." (McGregor, 2001, p.19).

As well s potentially enhancing security, Access Contro! Lists (ACLs)
based on source or destination layer 3 address can prevent packets unnecessarily
consuming bandwidth, traversing a network or internetwork, by being applied on
appropriate router interfaces (Hudson et al., 2003; Odom, 2002). Davis notes that:

“Using access lists for route filtering is CPU intensive. Overuse of
routing filtering can slow the flow of packets. Typically your router
uses net flow or fast processors for fast switching. When you use
route filtering, you use the slowest mode of process switching. The
router usually has but one processor available for process switching”™
(Davies, 2002, p.371).

In an article entitled “The Cost of Security on Cisco Routers” it is noted
that;
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“there are sipnificant performance penalties once you eneble ACLs,
especiaily long ones that we used in our tests, because an access list
cannot always take advantuge of the fastest switching technique that
might otherwise be available on the router” (Morrissey, 1999, p.3).

Dramatic performance reduction after implementing 200 line ACLs have
also been noted , Bandwidth degradation can be reduced by using hardware based
Private Internet Exchange (PIX) firewalls (Bruno, 2003).

Table 10, Throughput of PIX firewalls of Fncreasing Power (Lusigan, Steudler,

& Allison, 2000, p.3%)
Model Throughput Simultaneons
Sessions
506 10Mbps N/A
515-R 120Mbps 50,000
515-UR 120Mbps 125,000
520 370Mbps 250,000

Bandwidth measurement via packet delay using paits of packets and noting
tailgating effects has also been hoth simulated (Lai & Baker, 1995) and undertaken
(Lai & Baker, 2000).

Ogletree notes the use of high bandwidth routers on the Intemet core
{Ogletree, 2002)

2.10.8.4 OS] layer 4 Bandwidth Considerations

The ability to control bandwidth within intranets has been noted by Minasi
et el who state that: “Windows 2000 allows you to control bandwidth within your
intranst using Quality of Service (QoS) control in TCP/IP” (Minasi, Anderson,
Smith, & Toombs, 2002, p.463). As Cisco note:

“TCP uses sliding window techniques which results in more
efficient use of bandwidth because a larger window allows more
packets to be transmitted pending acknowledgement™ (Cisco, 2001,
p.684).
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When considering delays on WAN links with connection orientated
protocols at transport laver, the bandwidth delay product can be important (Katabi,
Handley & Rohrs, 2002). This is the product of the bandwidth in bits per second
with the round trip delay in seconds which gives a measure of the pipe’s capacity in
bath directions to transfer bits (Tanenbaum, 2003). Tanenbaum further notes that:
*,.. lhe receiver’s window must be at least as large as the bandwidth-delay product,
preferably larger since the receiver may not respond instantly, For &
transconitinental gigabit line at least 5 megabytes are required” (Tanenbaum, 2003,
p.559). Jain has conducted experiments to measure the available bandwidth with
respect to TCP throughput {(Jain & Dovrolis, 2002),

The central impartance of bandwidth can also be seen from the need to
reserve it. RSVP, operates at layer 4 of the OSI model and reserves bandwidth for
network applications by workitig in conjunction with access contro! lists (Bruno,
2003},

2.10.8.5 OS! layer 5 Bandwidth Considerations

Checkpaints are used at the Session layer to provide a rollback point should
a crash occur (Forouzan, 2000). This can prevent the need to re-send all of the dats
as only part of the data going back to the last checkpoint needs to be resent, which
again helps o conserve bandwidth (Cisco, 2001, 2002).

2.10.8.6 OSI layer 6 Bandwidtk Considerations

Data compression Is also important in utilizing available bandwidth
Goldman and Rawles note that: “Data compression replaces large sirings of
repeating characters with special code which represents the pattem” (Goldman &
Rawles, 2001, p.120). Compression can also help reduce bandwidth loads but
increases latency of routers due to the time taken for cotnpression and
decompression {Fage et al., 2000), Morrissey notes the cost of encryption with
respect to bandwidth on routers (Morrissey, 1999).
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2.10.8.7 OS5I layer 7 Bandwldth Considerations

The choice of Layer 7 services using either TCP or UDP can effect
bandwidth utilisation depending upon the need to avoid error in transmissing, or the
likelihood of such errors (Comer, 2000; Forouzan, 2000), Oppenheiaer notes:

“Most end users are concemed sbout throughput rate for
applications, Marketing materials from some networking vendors
refer to application-layer throughput as ‘geodput’. Calling it
‘goodput’ sheds light on the fact that it is 2 measurement of good
and relevant application-layer data transmitted per unit tine... When
specifying throughput poals for applications, make it clear that the
goal specifies good (error-free) application-layer data per unit of
time. Application layer throughput is ususlly measured in kilobytes
or megabytes per second” (Oppenheimer, 2001, p.32).

Hence, bandwidth considerations can be important at all levels of the seven
layer OSI model, as well as within the computer itself. If bandwidth is such an
apparently central measure in electronic systems could, it also possibly be
important in non-electronic systems? Is it is not the data transfer rate that is
impontant not necessarily the means used to undertake such a transfer?

2.10.9 Bandwidth and the OSI Model

With respect to the OS1 seven layer model. Bandwidth can be considered at
each of the layers (Coccetl & Roberto, 2002}, Due to extra encapsulated
information added at each {ayer when descending the protocot stack (Cisco, 20013,
it may be seen that the bandwidth should increase when going from the sessicn
layer down to the Physical layer with each layer increasing the encapsulation
overhead (Thomas et al., 2000) as is illustrated in figure 7.
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Figure 7 OS] Seven Layer Model Protocol Dais Units
{Thomas et al., 2000, p.14) (Modifted)
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Again there exists the possibility of an abstract top-down model based on

bandwidth considerations, and such a model would be bascd upon a given 051

Increasing
bandwidth

model layer. Different data transfer protocoels operate at different layers in the OS!

medel causing the bandwidth results to be layer dependant. This is because higher

layer encapsulation is considered as part of the data to be encapsulated at lower

layers.

‘This model could also be verified using of performance monitors available

under modemn PC operating systems (such as Windows 2000 and Windows XP) to

measure throughput rates at layers 3, 4, and 7 of the OSI made! (Minasi et al,,

2002).

2.10.11 Non-Electronic Bandwidth Applications

Non-electronic devices may also store data in a digital form so the concept

of bandwidth could also be applied. Exampies of non-electronic devices using

digital data are Jacquard looms {Schoenherr, 1999} and musical boxes. One version
of a musical box has a cylinder with pins over its curved surface that makes contact

with the tecth of a coomb as the cylinder is rotated. Tatlis notes that “The comb
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having 250 teeth ... the cylinder of a grand overture box probably has up to 50,000
pins... because of the size of the cylinder many overtures could be played in their
entirety” {Tallis, 1971, p.47). The more complex and detailed the musical score, the
more pins and higher speeds of rotation required {Tallis, 1971), hence the need,
even with these mechanically based devices, for higher bandwidth capabilities.
However, & higher bandwidth alone does not necessarily make a higher

performance machine.

With both non-electronic and electronic devices there are problems
associated with using bandwidth to denote performance, and one of them is latency.
For a Iacquard loom this could include the setting-up time between runs.

2.10.12 Potential Problems in Using Bandwidth as a Performance Indicator

Bandwidth can be nsed as a performance indicator where there is extra
bandwidth produced, but this may not necessarily lead to increased performance.
McComas notes the probletns associated with using bandwidth with respect to PC
related devices as the sole performance measure (McComas, 20013), as do Buzen,
and Shum (Buzen & Shurm, 1996a). This point is alse made with respect to netwark
technology by Openhiemer:

“It is possible to improve throughput such that more data per second
is transmitted, but not increase goodput, because the extra data
transmitted is overhead or retransmissions. Tt is also possible to
increase throughput by not using compression. More data is
transmitted per time, but the user sees worse performance”
(Oppenheimer, 2001, p.32).

Furihermore, Hennessy and Patlerson, under a heading of “Fallacies and
Pitfalls" note the:

*,.. pitiell of using bandwidth as the only measure of network
performance. ... this may be true for some applications such as
video, whare there is little interaction between the sender and the
receiver, but for many applications such as NFS, are of a request-
response nature, and so for every large message there must be one or
more small messages ... latency is as important as bandwidih™
{Hennessy & Paiterson, 1996b, p.622).
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Coccetti and Percacci also note that: “Network performance cannot be
expressed by a single parameter''. Nonetheless, they go on to note that: “packet
loss, delay and bandwidth are in principle some possible independent measures of a
network’s performance™ (Coccetti & Roberto, 2002, p.1).

2.10.13 Bondwidth as a Basis for an Abstract Model

The questions to be considered are about the importance of the bandwidth
factar: could it become a puiding principle in conjunction with 2 new bandwidth-
based model to aid student understanding of developments ir the field of CNT?
This form of abstract model could potentially be used across different age groups,
various course units and at different educational levels, freeing students from the
necd to re-learn the basis of the models as they pragress through the educational
system. The use of derived units could aid this process. To aveid becoming bogged
down in the minutiae of low level details, a handwidth-orientated model may well
need to be based upon high level abstractions. The importance of abstraction has
heen a common theme in the context of aiding conceptual understanding (ACM,
2001; Ramsden, 1992; Staggers & Forrcio, 1993). It should be noted that different
subjects have their own appropriate models at differing levels of abstraction
dependant upon the area of use. Floyd notes that “Models should be specific to the
research question being investigated” (Floyd & Kohler, 2002). Whilst Cooling
notes the importance of high level abstraction to reveal important systemn features
(Cooling, 1991). Importantly, the use of abstraction is recommended as a recurring
theme by the ACM:

“Levels of Abstraction: the nature and use of sbstraction in
computing; the use of abstraction in managing complexity,
structuring systems, hiding details, and capturing recurring pattemns;
the ability to represent an entity or system by abstractions having
different levels of detail and specificity” (ACM, 1991b, p.75}.

Bandwidth may be used at all layers in the OSI seven layer model. For
example bandwidth concepts can be applied to layer 3 routers layer 2 switches and
layer 1 hubs (Cisco, 2001, 2002).
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2.10.14 Summary

Although it is difficult to deny the crucial importance of bandwidth there
are problems with latency. Digital devices working an bits can be limited in their
speed of operation by the rate at which bits can be moved around for their
operation. Bandwidth concepts may be applied across a very large range of
situations both within and between digital devices, a5 well as allowing the vse of
both fandamental and derived units, Bandwidih concepts can be applied to electro-
magnetic relay devices and non-electronic mechanice] devices. This exemplifies the
extent of application of the high level absiraction bandwidth centric model and its
potential for de-coupling from the underlying technological implementation, A
salient characteristic of all of the uses of bandwidth discussed is that over time
there is a marked increase in bandwidth as the technology develops, which is
indicative of its importance in the provision of an overarching theme in the

development of computer and computer networking technology.

An important potential advantage of de-coupling from the underlying
technological implementation is that this could help to future proof leaming from
the rapid rate of technological change. The bandwidth centric model also allows the
possibility of being recursively decomposable into lower level abstractions as it is
hierarchical; being self docwmenting due to being disgrammatie, as well as
allowing for the controlling of detail dug to the use of abstraction.

Bandwidth can be wsefiil at each the OSI model’s seven layers. However,
bandwidth should be higher at lower levels in the OSI mode] due to encapsulation
overhead.

If 2 bandwidth based model may also accord with student conceptual
understanding as it would start with the PC and then move to lower level
abstractions and may also accord with constructivist principles. Measurements need
1o be preformed to test such ideas both in the technical and the educational

domains.
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2.11 Overall Literature Search Summary

Many students now demand an employment relevant university education.
Such a demand is supported by governments and employers, yet there is a tendency
for university courses to become mare academic and less practically relevant. There
i5 also a tendency towards qualification spirals, or credentialism, resulting in higher
academic requirements than those strictly necessary to perform actual job functions.

The university as a place for gaining vocationally relevant skills has been
hotly debated. The EU now accepts that the university does provide vocationally

based gducation or training for a vocation.

Surveys have indicated that relevant employment skills include hands-on
skills and experiences. Attainment of such practical skills requires assessment for
both the students and potential employers, CBAs can be used for hands-on

assessmetts,

CBAs have come under attack bath as encouraging minimal attainmenl due
to the difficulties and expense in more advanced forms of testing or from

behaviourist assumptions that may underpin such assessments,

There is a need for additicnal safety requirements to those normally
required in non hands-on environments. This presents extra problems in situations
where staff may not have had prior experience in potentially hazardous

environments,

Within Australia, TAFEs were established specificlly for employment
based education and iraining, Up-to~date hands-on relevant retraining can be
expensive as well as susceptible fo rapid change. Increasingly, university graduates
find it necessary to undergo training at TAFES to gain job relevant skills and
qualifications. The university sector has lost control of content of units based upon

vendor based and vendor neutral curricula,
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Debates about the suitability of vocationaily orientated education within a
university context have led to a renewed focus on the role of the university, and

also on different types of knowledge.

Understanding the epistemology of ‘kmowing-how' and ‘kmowing-that” are
both required to achieve mastery over a subject, as is the experience of knowing
when and why to use them. Such integration can be especially important in SMEs
where new recruits in the TT and IS fields may be expected to have hands-on skills

and knowledge across a range of topics.

Yet vocationally relevant skills can be subject to obselescence because of
the rapid rates of change in technalogy. Meanwhile students may well need the
skills and knowledge acquired through education courses to equip them for careers
going on for decades after their praduation, hence the need to attempt to future-

proof student learning.

A possible candidate fot such future-proafing could be based upon high
level abstract perforinance models. Abstraction is an impertant theme within
computer science education. An example of a successful abstraction that has been
nsed across a broad range of educational levels and topic areas within electronics
and computer science are digital logic gates. From a computer architecture
perspective digital logic gates form a starting point for a bottom-up model, making
it unsuitable from a constructivist perspective for many students as it may well not
be in accordance with thejr previous concepts and general understanding. This
model could, however, be useful for engineering students.

For many students a high level mode! with a top-down approach is required
on which to base learning, starting from commonly held vnderstandings and
experiences. A high level abstraction would de-couple the model from the
underlying technology and be potentially useful across a range of such
technologies, repardiess of its particular implementation.

Basing an abstract model upan benchmarks could be problematic due to the
inconsistent results from benchmarking programs, which claim to measure the same
quantities using identical data. Furthermore, such programs may only give a
number, and may not yield results based upon meaningful units.

107



Simulation has been used te model PC and network performanece, as have
analytical models based upon queting theory, However, such models are often
based upon complex mathematics, making them unsuitable for 2 large number of
CNT students who riay not possess the mathematical knowledge required to use

them effectively.

However, an ebstract model could be based upon bandwidth as this is
crucial to both in PC and computer network performance. Bandwidth
considerations are important at each of the seven layers of the OSI seven-layer
model. Increased bandwidth can be seen as vital to developments within these
areas, Furthermore, bandwidth comparisons may be applicable to non-electronic
but nevertheless digitally based devices such as musical boxes or Jecquard looms,
Bandwidth concepts are used across a range of CNT topics.

The use of such a bandwidth based model may also be based upon z top-
dowm approach using different levels of abstraction and based within a
constructivist framework of the student’s awn observation of PC and network
performance. Such abstraction ceuld help educational institutions (o more quickly
respond to changes in the CN'T ares and could alse help to introduce an element of
future-proofing in the education of IT students.
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CHAPTER 3

PUBLISHED PAPERS

3.1 Introduction to the Published Papers

The need for a computer science curriculum more relevant to the needs of potential
employer expeciations and sludent needs has been discussed. The case for a lack of
hands-on skills has been made, and associated curricuta introduced and evaluated,
The introduction of these new curricula required a top-down approach that
highlighted the need for high level abstraction. The B-Node model is proposed as
such a madel. Both the practical hands-on approach, with the need for hands-on
skills and understanding, and the new high level abstractions via B-Node
modelling, to help students to place developments of CNT in context and to provide
some firture-proofing of student [earing in this rapidly changing field, are both
core components of this approach. It should be noted that there is some inevitahle
repetition in these papers that was required 10 *set the scene’ and 1o explain the
problems in the units and the work undertaken up ta the point in titne wher the

paper was writlen.

109
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3.2, The Published Papers

These papers have been assessed by blind peer review for publication in

international journals or in conference proceedings.

3.2,1 Assessment

3.2,1,1 Assessing Hands-on Skills on C81 Compuoter and Network
Technology Units

This paper (Veal, Maj, & Duley, 2001) was presented in 2001 at the 32nd
Technical Symposium an Cemputer Science (CS) Education held at Charlotte,
North Carolina. The symposium is a peak interationa) forum on computer science
education. The symposium is the flagship event of the Special Interest Group for
Computing Science Education (SIGCSE) which is a group within the Association
for Computing Machinery (ACM), The ACM is arguably the world's foremost
body in the field of computing science and SIGSCE is most likely the warld’s
foremost body in CS Education

This paper describes how Edith Cowan University (ECU} in Perth Westem
Australia, introduced 2 new curriculum in computer and network technolopy in

response to an analysis of emplayer expectations.

The survey of employer expectations had revealed that employers were
seeking an assurance that IT graduates could actually perform in the workplace,

The new curmiculum at ECU required that students achieve standards in a
workshop environment that closely reflected the reality they were likely to meet as
graduates in the actual workplace, including how to deal with potential
Occupational Health and Safety Hazards.

The research question asked was: can an effective, efficient and meaningful

assessment be undertaken to test students’ hands-on skills and understandings?

The authors therefore designed a Competency-Bzsed Assessment (CBA) to

measure procedural knowledge and skills. The hypothesis was: Could a CBA be
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designed that was simple, £asy to use, and meaningful and that could also be
implemented as part of a standard workshop without interrupting student activities?
The results confirmed that this was possible. The resultant CBA5 were probably the
first in this field within Australia in 2 university context. The initial implementation
found that the lack of safety practice was highlighted via the CBA and could not
easily have been determined otherwise. Significantly the CBA also provided a
necessary audit trail in case of a student comptaint, and allowing further analysis of
a studeni’s individual workshop session, or unit results if this was required. There
was a need for 2 range of PC architectures to ¢nable vendor independence, and to
encourage generic maintenance skills, and a consideration of issues of professional

practice and Lands-on skills within a CS unit,

The results to date suggest that the hypothesis: “CBAs can measure hands-
on skills on a unit such as CIM within a university context without significantly
interrupting student activities"” was confirmed. It was found that there was a need
for effective highlighting of seiety issues via use of CBAs.



Assessing ‘Hands on’ Skills on CS1 Computer & Network
Technology Units

D Veal, S P Maj, Rick Duley
School of Computer and Information Science
Edith Cowan University
Perth, Western Australia
Australia
d.veal@eowan.edu.an

Abstract

Edith Cowan University (ECU} introduced a new curticulum in computer and
network technology based upon & market analysis of employer expectations.
Uniquely, within Australia, this curriculum has extensive workshop exercises that
require students to work on equipment they are likely to meet in the workplace and
s such the workshop environment is potentially bazardous to students. It was
found that prospective employers often required both an assessment and an
agsurance that students following this curieulum could work to an acceptable
industry standard. The traditional forms of assessment (examinations and
assignments) did not fulfil this requirement. The authors therefore designed a
Competenicy-Based Assessment (CBA)} to measure procedural knowledge and
skitls. The CBA designed was simple, easy to use and can be implemented as part
of a standard workshop without interrupting studeni activities,

Keywords
Computer Technology, Constructivism, Competency Based Assessment

Intraduction

According to the 1991 ACM/IEEE-CS report, *The outcome expected for students
should drive the curriculum planning’. Within Western Australia an exploratory
market audit was conducted of & wide range of companies. From this survey a set
of guidelines were develaped for the type of skills expected of computer science
graduates entering the field of computer and network support.

Using the criteria develaped, a random selection of ten final year ECU computer
science undergraduates were interviewed from a graduating population of
approximately ene hundred. The computing science degree at ECU is level one
accredited, the highest, by the Australian Computer Society. According to Maj, "¢
was found that none of these students could perform first line maintenance on a
Personal Computer (PC) to a professional standard with due regard to safety, both
fo themselves and the eguipment,”[8)

Interviews conducted with five ECU graduates employed in computer and network
supporl clearly indicated that they were, to a large degree, self-taught in many of
the skills needed to perform their job. Preliminary investigations indicated a
similar situation with computing science graduates from other umiversities in
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Woestern Australia.  According to Campus Leaders, “... the predominant reason
why they (the students) have gone to university was to get skifls, knowledge and
gualification that would assist them in either gaining employment or enhancing
their prospects for pramotion or a more rewarding job”, [15]

The initia! ECU student questionnaire, first used in 1993, was also conducted in
1599 at two universities within the UK [3]. Both universities have well established
degree programs that are British Computer Society (BCS) accredited. Both these
degree programs offer students the opportunity to examine & PC in the first year
however they never take a PC apart. Students are taught network modelling, design
and management but they do not physically construct networks, The resulls clearly
demonstrate that students lacked knowledge about PC technology and the basic
skills need to operate on computer and network equipment in a commercial
environment. This is despite the fact that most students thought such knowledge
would be beneficial. The survey indicated that any practical knowledge students
have of hardware is largely a result of experience outside the course. Furthermore,
there is considerable potential demand from students of other disciplines for
instruction in cotnputer technology. According to a study of Multi-media students
by Maj, “f is significant that every student interviewed expressed the view that It
wanld be extremely beneficial to have a much better knowledge of comprter and
network technoiogy”™ [8). In order to meet this demand a new corriculum was
designed, introduced and evaluated.

Curriculum Development

Four units were introduced to address the above problems by use of a practical,
inter-disciplinary, problem oriented approach — Computer Installation &
Maintenance (CIM), Network Installation & Maintenance (NIM), Computer
Systerm Management (SCM) and Network Design & Management (NDM). The
two units initially introduced were CIM and NIM (8], Rather then lowering
academic standards Professor Lowe argues, “the complexity of the real world is
more intellecually taxing than fiving in Imaginary worlds of friction-less planes.
perfecily free markets or rational policy analysis " [2], By example in the CIM unit,
rather than consider the technical detail of one particular type of PC architecture, a
range of PC architectures is used thereby ensuring vendor independent and generic
maintenance skills.

The principles of computer operation along with an emphasis on the skills
associated with installation, fault diagnosis etc. provides skills that are readily
portable between different PC architectures. Given the rapid changes in technology
this emphasis on generic skills is a non-trivial issue. Accordingly a systems
engineering approach is employed i.e. a top down, hierarchical, modular anatysis.
According to Scragg “most (perhaps all) first courses in computer hardware are
created "upside down’’ - both pedagogically ond pragmatically”’. [12]

In contrast to traditional units in computer architectureftechnology the unit CIM
does not include digital technigues {(combinatorial and sequential logic), details of
processor architecture at register level or assembly language programming, For
example, the lectures on memory devices address the principles of operation of
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primary and secondary memory. Disc drive operstion is considered along with
typical performance figures and the advantages/disadvantages of the different types
of controller (IDE, EIDE, SCSI). This is complemented by the associated
workshops in which students must install a variety of memory devices and conduct
simple fault diagnosis exercises.

Furthermore, it is anticipated that on completion of this curriculum students will be
able to manage a computer and network systems support team. Safety in the
workplace both as employee and employer mandates that the principles of Health &
Safety be taught, both in principle and in the context of computer and netwark
support and management.

Curriculum Evaluation
Since their introduction the units CIM and NIM have been oversubscribed with a
low student altrition rate, According to Maj,

“The student demand has consistently exceeded possible places. The initial quola
of 100 students for the unit CIM was exceeded with 118 students enrolling and even
then demand exceeding possible places. The student attrition rate was 8.5% with a
subsequent unit failure rate of less than 10%. An independent unit review of the
unit found: 80% wonld recommend this unit; 75% found the practical sessions
useful: 70% found the unit relevant to their needs", [9)

These units atiract cross-institutional enrelments from students at other universities
within the state and they are consistently highly rated in mandatory evaluations by
students. Independent investigation by an educational expert found that the CIM
unit

... 'is perceived as very valuable by students from different disciplines; supports
fearning in other unlts: increases studemts’ understanding of computers and
computing; And also that it ‘generates a demand for further curriculum in this
Sfield; Is enhanced by the series of lectures and workshops given by an experienced
compiiter support techiician and is abour right in terms of difficulty ", [9]

Given the sucress of the two units CO and NIM, two subsequent units, SCM and
NDM have been inttoduced. However problems existed with respect to workshops
skills and knowledge.

Practical Skills Assessment

Student3 with a wide range of physical dexterity and skills attend these units, For
many it is the first time they have worked on computer equipment. This problem is
addressed to a limited degree by using decommissioned equipment for the
introductory CIM unit. In the subsequent unit, CSM, students have the opportunity
to work with ‘state of the art’ equipment that includes: installation and testing of:
Digital Video Disc (DVD), flat bed scamer, PC video camera, Infra-red
comununications link, Zip Disc cte, Other workshop exercises include establishing
and testing a videoconference communications link via a local area netwark. [19]
The main problems are therefore safety of the students and to minimise damage to
equipment. It should also be noted that the students who claimed to have prior
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experience in this ficld damaged mote equipment than the novices. Clearly ‘self
evaluation’ of skills is inadequate. Tt was found that students needed to repeat many
of the tasks to acquire the necessary skills, Even though two carth leakage detection
circuits were installed (10 and 20mA) in the workshop such circuits afford no
protection to the jndividual when a PC is mistreated. Hence, throughout the
workshops the PC was freated as 2 potentinlly dangerous device. In the final
analysis no one can ensure that an open FC is not in a dangerous condition and the
potential for electrocution must always be considered, Accordingly, high tension
devices, the VDU and pawer supply, are never opened. According to Maj,

“One of the main problems that we have faced is that studenis are accustomed to
‘soft systems ' in which it is afways possible to re-compile or use the ‘undo’ button
in order to corvect a mistake, This type of work is, however, very unforgiving and
accordingly o fundamentaily different approach was needed and must be raught.
We adopted a mastery lecrning approach where siudents had to learn the basic
skills to a 100% level. One wrong conneciion made during a live experiment can
destroy a motherboard”, [10]

Furthermore, it was found that prospective employers often required both an
assessment and hence assurance that students of this curriculum could work to an
acceptable indusiry standard, The assurance being that students not only had the
necessary theoretical knowledge but also that their standard of practical skills was
such that they would not endanger either the safety of themselves or others and that
expensive equipment would not be damaged, In this context the traditional forms of
assessment (examinations and assignments) were inadequate, Thesc assessment
methods do not provide amy measure aof how well students perform in an
employment workshop environment. To address this problem the authors
investigated the different types of knowledge and associated assessment methods,

Professional Practice and Practical Skills

It is submitted that technical expertise is an enhancement of theoretical knowledge.
According to Cervero, ‘the popuiar wisdem among practicing professionals is that
the knowledge they acguire from practice s far more usefil than what they acquire
from niore formal types of education’”. [3) Cervera further argues that the “goal of
professional practice is wise actior’ and that ‘fnowledge aequired from practice is
necessary to achieve this geat . [3] Both declarative and procedural knowledge are
necessary for professional practice. Declarative knowledge is knowledge that
something is the case; procedural knowledge is knowledge how to do something.
Cervero clearly makes the point that, “4 major difference beiween experts and non-
experts in any field is that experts have far more procedural knowledge. That is,
they know how ta perform their craft.” [3] According to Golkdsworthy, skill “,..
refers to a person’s ability to do something well. It relates to expertness, a
practiced ability, dexterity in performing a task. It is an outcome that flows from
knowledge, practice, inherent abilities and an understanding of the task 1o be

performed”. [5]

The curriculum intoduced demands both declarative and procedural knowledge.
“Declarative knowledge is knowledge that something is the case; procedural
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kmowledge is knowledge how to do something, Both declarative and procedural
kntowledge are essential for professional practice . [3)

However, even though students are taught both procedural and conceptual
knowledge only conceptual knowledge is assessed by means of traditional
assignments and examinations, None of these assessment methods provides any
measure of how well students perform in a werkshop environment that is designed
to simulate working practices. According to Havard, “The world of wark requires
people who ‘fmow how apd not just know what, Graduates invariably fall into an
‘information gap' of having knowledge about a specific subject area but do not
necessarily know how to operate in the working environment". [16]

It is necessary to be able to measure competency thereby providing essential
feedback to siudents and information to prospective employers, The authors
therefore examined competency within a university context.

Competeticy Issues

Competency has been defined as “"The ability to perform in the workplace.” [5]
According to Karmel evaluation of competencies, ‘provide a check on the
performance of students and on the success of institutions and teachers in training
them. In this sense, they are instruments of accountability and are atiractive to
those responsible for funding public education”, [11]

Competency Based Assessments (CBAs) have themselves come under attack as
leading to a too narrow a perspective o the skills part of the equation. According
to Goldsworthy, “Competency based standards in effect are an ad hoc measure of
skitis they measure performance afler the event. The activity is performed and
measured after the skills, experience and knowledge have been acquired”.[3)
However a written examination, the assessment activity is also performed and
measured after the acquisition of the skills, experience and kiowledge and does not
necessarily provide a prediction as to how well students might perform in the
workplace. Both written assessments and CBAs may be required.

Another critique of CBAs is that they often only assess minimum levels of
competency. This is often due to the practicalities of both limited assessmem time
and resources. However, standard driving tests are also minimum level assessments
and yet they considered usefil in checking basic driving skills and understanding,
This is surely betier than no assessment whatsoever. However, not all competency
tests are limited in this manner, Abelman notes that:

“The most demanding is prabably the Certified CISCO Internerwork Expert (CCIE)
assessment, which in addition to the two-laur written exam, requires a two-day lab
exam that ‘pits the candidare against difficult 1o build, break, and restore
scenarios.' Those in higher education who talk glibly abowt performance
assessment don 't really know what it means untif they are up against the CCIE".

m
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Within a university context the competency debate will no doubt continue.
However, the new curdculum introduced at ECU requires students to work in a
potentially hazardous envirenment, Pragmatically there is the requirement to ensure
that those students are able to work competently within the wotkshops in a manner
that is not hazardous ta themselves or others. In an attempt to provide the necessary
assurance of ecceptable workshop practices Maj introduced workshop rules, “rhe
first workshop was concerned entirely with workshop practice and students were
required to read both the university and workshop regulations - it was emphasized
that miseanduct wonld not be tolerated”. [8) However, this fails to provide the
necessary assurance mechanisms to determine whether or not students work at an
acceptable level of competency to a clearly defined and recognized standard. The
authors therefore atierapted to design CBAs, at university level, for the new
curriculum that sheuld be:

¢  Meaningful to students, staff and employers.

¢ Scaleable, so that they could eventually cater for both small and large groups of
students at many different sites should the need arise.

» A part of the normal workshops.

* Easily repeatable by other membets of staff.

e Easy to manage and does not cause excessive extra work for both staff and
students.

» Checkable, in case of student complaint. There should be a signed and dated
paper ‘audit trail’.

Furthermore, in any filly implemented assessment scheme, each competency
would need to be tested more than once as a consistency check and to afford
students sufficient opportunity to demonstrate their skills and understanding, [4]

Fully implemented CBAs would also need to check for inconsistencies between
assessors. Two or more assessors assessing the same student at the same time
should produce the same results. For a competency classification to be consistent
the same competency being assessed by using different workshop exercises, yet
close in time 1o each other, should produce similar results for the same students.
Likewise two different CBA schemes used to assess the same seis of compelencies
for the same workshop exercise should give consistent results when tested on the
same students at the same time,

CBAs can also be used to flag student misunderstanding in areas of the unit
relevant to the workshop exercises. Moreover should smdents in a particular toter’s
workshops have difficoltics not experienced to the same extent by students
attending the workshops of other tutors then this can be used to indicate possible
problemns with an individual wier’s workshop delivery,

CBA Design and Implementation

Within the new cwrriculum offered at ECU students are currently assessed by
means of a standard written exemination and two written assignments. It is possible
however, for a student to successfully pass these units without ever attending any
workshop. However both declarative and procedural knowledpe must be assessed.
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Different forms of assessments have both advantages and disadvantages. Written
examinations can enable students to demonstrate a greater depth of knowledge
while at the same time they may also test a limited breadth of their understanding.
Whilst written assignments can give students an opportunity to search literature and
show understanding, multi-choice questions provide the means to test students with
minimum effort acrass a large portion of the syllabus, but may not allow students to
show their in-depih knowledge. However, CBAs ruay be used to test practical skills
not tested via other forms of assessment. It can be concluded that no single
assessment technique is sufficient if both procedural and conceptual knowledge are
to be assessed. Veal notes with respect to CBAs that, “merely because the higher
arder skills may nat be capable of measurement this should not of necessity exclude
measuring other very important and potentially commercially relevant skitls . [13]

Accordingly the authors designed and tested CBAs for two units in the new
curriculum - CIM and NIM. The workshops are typically implementations of the
preceding lecture. All waoskshop details are provided including objectives of
exercise, learning outcomes, equipment checklisis and details of each experiment.
At the start of each workshop the tutor provides a demonstration of the
experimental procedures. The required outcomes from the workshop tasks were
grouped under appropriate headings, thereby defining a set of competencies. The
defined set of competencies for the CIM unit were:

A. Testing and checking

B. Sefe work practiccs and protection of equipment.

C. Manipulative awareness and skills

D. Interpretation of instructions. Knowledge of systems
E. Fault diagnosis and correction.

To ensure that the CBA was easy to use the authors elected to use simple binary
evaluation criteria i.e. pass or fail. By example for the unit CIM the checkpoints
used for set B of competencies were:

1 Mark: Disconnects from mains when appropriate.

1 Mark: Takes power lead out of back of system box.
1 Matk: Uses Anti-static strap at appropriate times.

1 Mark: Re-assembles computer correctly.

1 Mark: Polarity of all cables correct,

During the CBA the assessor moved around the workshop checking off the sheet
for each student being evaluated, The assesser had a separate sheet for each student
with a standard clear and simple layout for case of marking. A similar method and
assessment sheet layout was employed for the NIM CBAs. [14]

Results

It was found that the CBAs used were easy 10 manage as part of normal worksheps.
No cxtra time wes taken during the standard two-hour workshop period yet it was

119



possible to assess all twenty students in each workshop. According to Veal for the
CIM unit

“At no point was the workshop interrupted, or extra time taken. Ten students were
evaluated, Despite the fact that considerable emphasis is placed on ensuring that
students are provided with the highest possible standard of good workshop
practices to underpin Health & Safety the results clearly indicated that some
students did not demoustrate a satisfactory competency in basic safety practices. It
would not have been possible to determine this resuit without a CBA™. [13]

Conclusions

Competency within a nniversity context is subject to considerable debate. The new
curriculum in computer and network technology at ECU requires students to work
on equipment in a manner that simulates a typical commercizl environment. For
same units are ihese environmenis are potentizlly hazardous to students. This
mandates that students be assessed for their competency. The simple CBAs used in
this study were straightforward to design and test. Furthermore they could be
implemented as part of a normal workshop with minimum interruption to normal
student activity.

Fully implemented CBAs require the inclusion of both consistency checks and
provision of ‘audit trails’. The authers are currently conducting further tests of
CBAs on a larger number of students on a range of different units,
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3.2,12 Should IS Management Courses Provide Hands-on Experience
in Computer and Network Installation?

This paper (Veal & Mayj, 2001) was presented st the Americas Conference
on Informatien Systems. (AMCIS) 2001, held at Boston Massachusetts from 2™ to
the 5™ of August, This conference is one of the leading Information Systems (IS)
conferences worldwide, The paper includes the results of a questionnaire
administered to a group of Management IS (MIS) students all of whom wers
attending an Australian university. The research question asked was: Were hands-
on experiences in camputer and networking installation and maintenance
appropriate for [S management courses, and what were student opinions conceming
these issues? These students, who were either studying, or had studied, e-
commerce, networking or computer programming units in the faculty of business,
were interviewed whilst completing a questionnaire. Students were asked to express
their opinion on a number of issues relating to their course. Questions were asked
using an apen PC and associated equipment as a reference. Students were also
asked a range of questions on topics such as the setting up of Internet sites, LANSs,
including typical hardware and software requirements, costs and expected
capabilities for a range of typical business scenarios.

Significantly neatly al! of the students interviewed thought that hands-on
practical experience in computer networking and PC hardware would be gither
required by employers or would enhance their confidence as IT professionals, and
should be included as a course component. Such hands-on experiences such as
upgrading PCs and maintaining computer networks were not provided as part of
their curricnlum. Yet these issues could be particularly relevant as IS managers are
increasingly taking on responsibility for Internet implementation and need a good
understanding of computer networks and their management, The suitability,
importance and associated prollems with hands-on components within IS

Management and e-commerce units was considered.

Additional new knowledge includes a consideration of the problems of
implementing & hands-on compnuter instailation and networking components within
an IS management unit and the problems experienced by students in such a unit,
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Also included are the results of interviews with students that were currently
studying on an IS managentent unit at an Australian university and the results of the
questionnaire undertaken these students, many of whom were employed in IS
management positions. Hence it is likely that these participants were in a position
to know the job requirements with in their company.

Students were questioned with an open PC with network interface card gnd
asked to describe common processes and computer and network installation and
maintenance. The relevance of practical skills to MIS students is considered. A
conclusion was that there were & range of opiniens of the need for CNT installation
and maintenance hands-on experiences, although that most students felt that there
was a need for such gxperiences.
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Should IS Management Courses Provide Hands-On Experience
in Computer and Network Installation?

D Veal and S. P. Maj
School of Computer and Information Science
Edith Cowan University (ECU)
Perth, Western Australia
Australla

Abstract

Recently a group of IS Management students attending an Australian university
either studying, or had studied, e-commerce, networking or computer programming
units in the Faculty of Business were imterviewed wiilst completing a
questionnaire. These students were asked 1o express their opinion on a number of
issues relating to their course. Some guestions were asked using an open FC and
associated equipment as a reference. Studenis were asked a range of gquestions
about the setiing up of Internet sites, LANs, including typical hardware and
software requirements, costs and expected copabiliies for a range of typical
business scenarios. Significanily nearly all of the students interviewed thought thai
‘hands on’ practical experience in computer networking and PC hardware would
be either required by employers or would enhance their confidence as IT
professtonals, and should be included as a course component. Such experiences
were not provided as part of their curriculum and these issues could be particularly
relevant as IS managers are ingreasingly taking on responsibility for Internet
implementation and need a good understanding of computer networks and their
management, The suitability, importance and associated problems with "hands on'
components within IS Manegement and e-commeree units are considered,

Introduction

Recent years have seen an enotmous increase in the number of university students
enrolled on business IS and e-commerce units. Such units are often regarded as
distinct from these in computer and network technology traditionally provided by
compuling science departments. It might be thought likely that computing science
students would possess skills required in such areas as computer and network
support. However, nearly all 3% year compuling science students investigated at
Edith Cowan University (ECU) did not possess the skills demanded by employers
in this field despite the fact that they had successfully completed all of their units
{Mgj Robins Shaw and Duley 1996). These findings are consistent with (hose of
Nwana whe noted that: “Perhaps most worrnying of all is the persistent view thar
compter science graduates are not suitable for some employers, wha appear to
distrust ter qualifications” (Nwana 1997),

i

The lack of student “hands-on’ skills in PC hardware and computer networks led to
the development and the successful inlroduction within the Computing Science
department at ECU of two new units, Computer Installation & Maintenance (CIM)
and Network Installation & Maintenance (INTM). Both units have been consistently
oversubscribed and attract students from other faculties within ECU and from other
universities within Western Australia. Both are sinple semester full eredit units with
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a weekly two-hour lecture and an associated two-hour ‘hands-on® workshop, CIM
and NIM have a significant ‘hands-on’ practical component and been successfully
independently evaluated (Maj Fetherston Charlesworth and Robbins 1998).
Identical studies by Maj, Fetherston, Charlesworth, and Robbins {1998) were
undertaken on an intemnational level and revealed a similar lack of ‘hands.on’ skills
in PC hardware and computer networks.

A corresponding situation was also found amongst Jocal multi-media students (Maj
Kohli and Veal 1999). These findings led the authors to consider the pessibility that
a comparable situstion could be ocourting within IS Management courses. Such a
possibility was given particular credence, as IS Management students from local
universities were also entolling in the CIM and NIM units. Research by Trauth had
shown the existence of an expectations gap between IS Industey and the academic
preparation undertaken by 1S Students (Trauth Farwell, and Lee, 1993).

The Questionnaire

A questionnaire was designed to determine IS Management students” ‘hands on’
skills, knowledge, and practical experience in computer networking, Intemnet and
PC hardware and software, and their provision via the IS management units. Each
questionnaire was completed as a part of an interview session that lasted between
20 and 50 minutes. Thirteen students participated. These were either on
undergraduate or gradvate programumes, Some of the graduate students interviewed
already held managerial positions and were upgrading their qualifications. Others
were engaged in empleyment and wished to move into IS management. A number
of those interviewed either were, or had been, employment in the IS area, All were
volunteers. Just under half {46%) of those questioned said that they had never
opened 2 PC to replace parts, or that it had not been successful. However, 3
students who had stated that their part replacement had been successfil failed to
note the vse of an anti-static or ground strap whist taking the PC apart. Only 31% of
students inierviewed noted this requirement. Goad workshop practice mandates the
use of an antistatic strap or comparable measures. Managers in the field of business
IT need to kniow this. Should these students have attempted replacing parts without
any anti-slatic protection then there would have been good chance of damaging the
PC. Such results are in line with findings from Maj whilst observing computer
science students initially undertaking similar tasks: “Students who claimed to have
prior experience in this field damaged more equiprient than the novices. Clearly
‘self evaluation’ of skills is inadeguate, It was found that students must be given the
apportunity to repeat many of the tasks in order to acquire the necessary skills”
(Maj Robins Shaw and Duley 1986).

Questions were asked regarding their pravious studies, IT related employment, and
what sort of computer related skills prospeclive employers might want them to
possess. When asked whether they considered that the 1S Management Curriculum
units they had undertaken adequately prepared them to meet such employer
expectations the answers given fell into two roughly equally sized groups, Within
the group who answered *yes’ some noted that they were Intending to seek a higher
managerial level post that would require some background I8 and IT knowledge
although not at a high leve!l of technical detail, or that their programming and web
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page authoring skills were sufficient. Students from the other group noted that the
units that they had studied were useful and provided some of the ‘hands on’ skills
required by employers. However, this second group also expressed the opinion thal
there was a need for *hands-on’ practical skills in the area of networking, including
Internet-working, the physical realities of putting together an actual working
network, as well as the skills required to make changes within a PC, Asked whether
their IS Management course should provide a practical component such as *hands
on' workshops in networking and computer installation 77% of the all students
interviewed replied that it should. Replies given included “Eniployers are looking
Jor such siitls” end “Iwould feel more confident in the role of an IT professional”,

Just over half those questioned (54%} responded that they could set up a simple
Internet presence, i.e. a web presence only, for a company of less than 10 people
{both hardware and software). However, a student working in the field noted that
they thought it unlikely that students could achieve this task solely as a result of
their IS Management units. Significantly 85% of all respondents thought that the 15
Management cumriculum should provide the opportunity for them to obtain the
necessary theoretical and practical skills be able to do this task, This could be
particularly relevant at the present time as IS managers are increasingly teking on
respansibility for Internet implementation and need a good understanding of
computer networks and their management. Some students had already undertaken
similar tasks as part of their employment. When questioned about the installation
and manapement of a more complex web intcractive Internet presence, allowing
information exchange, for a legat firm of about 100 staff only 15% thought that
they had the necessary skills, It should be noted that there are many technical
management issues associated wilh this case study e.g. distributed architectures,
scalability, security ete. Of the students interviewed 69% thought that the IS
Management cwrriculum should provide the necessary theoretical and practical
skills and knowledge to enable them to be able to perform these tasks. Those
disagreeing with the need for such provision cited reasons such as “being too
complex for the course they were undertaking”, or “specialists should de this
work",

Student Concerns

Most of the students interviewed felt that there was a need for ‘hands-on'
experience in computer networking and PC hardware. Notably 3 students believed
that such ‘hands on' experiences could help to reinforce their theoretical
understanding of the subject area. Such concem is in line with statements by
Havard “The world of work requires people who ‘kmow how and not just kmow
what ' Graduates invariably fall into an ‘information gap' of having knowiedge
about a specific sulject area but do not necessarily know how to aperate in the
working environment” {Havard Hughes and Clarke 1998), Todd whilst
investipating job skill requirements from newspaper advertisements “concluded
that organizations are looking more to technical requirements in the hiring
process” (Todd Mckeen and Gallupe 1995) cited in (Crook and Crepeau 1997).
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Many undergraduates may not be aware of the needs of induswry in their field of
study. Havard also noted that: “On completion of their academic programme the
graduate was given no way of lkmowing how their skills compared to the
requivements of industry" (Havard Hughes and Clarke 1998}, The results of a study
specifically concentrating upon the perceptions of IS Students of the needs is the IS
Industry found that: “students are in remarkable agreement with employers”
{Mawhinney Morrell Morris Helms 1999). Furthermore, Dunn notes that: “FHigher
Education, while vocationally orientated, is often viewed as focusing on theoretical
bases of professional practice. However, contemporary graduates are required to
be able to practice with effect as soon as they begin their profession” (Dunn and
Carson 1998). An Australian govermment commissioned report entitled: “Empioyver
satisfaction with Graduate Skills" noted specific problems in the IT and electronic
communication area: “In regard to course content, we found very few complaints
by employers except in regard to more advanced areas of information technology
and elecironie communications” (DETYA 20000, Whilst the MSIS 2000 Model
curriculum notes that one of its objectives is to “overcome the skill shortage that
exisis and is expected to contivuie in the years ahead, Students groduating with an
MS degree should possess enough skills that they can take responsible rather than
entry-level positions and serve as mentors to people with lower levels of education™
and that “to make students more employable siudents take a related set of courses
(reinforced by practical experience within information systems™ (Gorgone Gray
Feinstein Kasper Luftman Stohr Valacich and Wigand 1999},

Another Australian Government commissioned report commenting the recruitment
of new graduates also noted that employers: “recruit on the assumption that
graduates have satisfied the academic requirements of each institution, thus
allowing them to focus on the particulor skills and attributes they believe are most
essential for the particular work environment. Generally, employers® emphasis
skills and attributes which are more difficult to evaiuate than academic shills”
(NEEB, 1995). An earlier Australian government report had found that “90% of
employers surveyed indicated that they used academic results as part of their
criteria to select new graduates and only 3636 wsed previous job experience”
(NEEB, 1992).

A lerge proportion of the students interviewed in our investigation had either
underiaken or were undertaking the Business Studies Network Management unit.
One student stated that this unit was “very informative as to the physical realities
associated with networks”. Whilst another student noted that “The unit failed 1o
provide a description of the facilities provided by the Novell or NT network
operating systems, neither did it include a discussion about their relative sirengths
and weaknesses”. Notably one student interviewed stated they also stated: “there
were no practicals involved In assigning rights to users, or setting up new users on
to @ computer network”, A unit description stated that it “will give students the
skills and knowledge necessary for managing computer networls ",

Further classification needs to be made regarding the level of expected of initial
employment of undergraduate students upon pgraduation. Maybe this s
predominantly at initial entry level? However, with respect to the posigraduate
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students the situation can be very different. One postgraduate student noted with
respect to their units that: “Postgraduate students ave ofien employers themselves
and quite often already in management roles.” And further that: “7 found, apart
Jrom the overseas students, most people in level 5 (Postgraduate) units were quite
experienced in the management of ISAT. They were either from the technical staff’
that had moved to management positions or managers who have had to take on the
role of managing the resource. At that fevel of experience one tends to have a good
idea of what one needs to know to make decisions. " With respect to the expected
size of the enterprise that graduating students would enter they further noted that:
“Jt appeared to be assumed by the university that students would work for a large
company and so not need to know how wpgrade or set up a network as an IT
manager. Whereas most businiesses within Western Australia are Small to Medium
sized Emterprises (SMEs). "

Such views are also in line with a paper entitled “A profife for the IT manager
within SMEs" Gramignoli stated that “rthe deeper the IT manager's techuical
fowledge, the more effective will be the end users training programme and day-
by-day support”. And they further add that: “Within SMEs the traditional IS
manogement activity is ofien replaced by the management of the relationship with
the technical partners: because of the shortage of IS dedicated staff, the IS design,
implementation, and development are often outsourced, In such a context, fn-depth
techmical knowledge is essential to correcily weigh up the technical validity of the
partners’ proposais” (Gramignoli Ravarini and Tagliavini 1999).

The crucial imporiance of IS managers in assessing proposals is noted by O’Brien
in the article “SMEs blame suppliers for soiutions failures” notes: “Most feel let
down by poor relationships, misleading advice and inadequate support” He goes
on to state that: “SMEs miss out on Internet opporitnities because supplfers do not
provide them with appropriate business solutions, according 1o a new report. Mind
the Gap, compiled by the University of Durham Business School and IT solutions
vendor Flexion Systems, revealed that more than three-gquarters of the 300 SMEs
questioned found relationships with thelr information and communication
technologies (ICT) suppliers frustrating or disappointing” (O'Brien 2000), Many
large companies are out-sourcing their IT and IS depariment functions and their IS
manager become coniract and negotiation managers who require strong technical
knowledge to control the out-source partner (Willcocks and Fitzgerald 1996).

‘Hands-on’ PC and Computer Networking Skills for Business IT Students.

The provision of ‘hands-on’ skills in computer networking, PC hardware and
setting up intemet sites, including hardware and software, can be both time
consuming and expensive it could be vitally important in enabling students to at
least gain eniry level admission into many organizations. Without such skills
students may not get that important first job in their field. Even if most students
suceeed i this aim under present conditions, should there be a downturm in demand
then the additional possession of these skills could become a deciding factor.
Exposing the students to ‘hands-on” experiences in PC networking and hardware
could also enable them to participate mere effectively in IT decisions in their
employment, paticularly as managers making decisions about IT/IS investment.
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One graduate student interviewed noted that on the programming unit students are
informed that as managers in the IT field they needed to experience programming
to aid their understanding of the processes involved, even though in the final
analysis they would not become programmers. This stndent made the observation
that similar reasons were not used when considering *hands-on® experiences in the
fields of PC hardware or networks. Furthermore this student stated that: “Ar
university Business Managenzent Courses include at least one accounting unit. You
don’t teach a manager low to read a balance sheet or Profit & Loss withont
teaching then basic accounting principles. They need (o understand fundamentals
Jor good decision-making. So too it should be for computer and computer
nerworking skilfs *

Somne students expressed a concern that they will need to incur yet more expense
immediately after completion of their Business IT course to order to gain practical
experience and qualifications in the IT field from TAFE or a private provider. In
Australia TAFE is a federally funded vocational education and training provider,
Wemer (1998) has noted that in South Australia more students went from
university to TAFE than from TAFE to university. The increasingly popular trend
of enhancing employment prospects via private training providers as an addition to
higher education study, or as an alternative pathway, hes becn noted by Abelman
(2000).

The CIM and NIM Units.

The use of dedicated workshop and storage space demands a large allocation of
resources compared to conventional TT laboratories, which will incur extra cost.
‘Tutors are often postgraduate students who have previously attended the CIM and
NIM units, Tutors must be present whenever students are using the ‘hands-on’
workshops for safety, insurance and legal reasons, as well as to help to prevent
possible damage to equipment. The costs of student ‘hands on” damage to
equipment and its replacement due to the rapid pace of technological advancement
can be expensive (Veal Maj Fetherston and Kohti 1999). Without sufficient time
and money devoted to updating lectures and “hands on’ workshops then such units
will become rapidly outmoded. The CIM unit has recently been updated to include
Widows 2000 professional exercises in setting up peer to peer networking, Linux
dual boot installations, seeurity and resource allocation, whilst the NIM unit has
inctuded Windows 2000 Server workshops in eddition its Novell based workshops.

A Business Studies student who had been a consultant to companies changing their
financial sysiems, which also involved upgrading the computer and network
infrastructure, stated that: “Personally I ofien have felt at the mercy of the computer
technicians and suppliers, relving upon their, (aften conflicting!) advice in order to
make decisions about spending large sums of $55. Hence units, such as CIM and
NIM, give me the basic understanding of what it is aff about”. Both the CIM and
the NIM Unit were designed to be technical management units. In addition to
forming part of the standard undergraduate options as first year units within the
computing science department at ECU they have been run zs short intensive
courses on a commercial basis.
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The CIM and NEM workshops are bized on standard PCs. Each two-hour workshop
consists of a set of tasks for the student to undertake and all students undertake the
same sct of tasks in a given workshop, The CEM workshops require students to
install and test a range of components such as, Master-slave hard disk drive;
Network interface card installation; CU-ROM installation etc. The CIM unit is
often the first opportunity that many students have had to work with computer
hardware.

The problem of lack of training in observation technigu-s is also of initial concern
2s many students do not correctly note how a piece 01 e uipment is put together
beforz proceeding to take it apart. Allowance must wiso be made for students to
acquire experience in applying co-rect levels [ fwie and attainment of the
manipulative abilities required in th-: assembly und aisassembly processes. The use
of decommissioned equipment for the first few wrkshops can help minimise the
financial cost of initial mishaps. Students in the NIM unit have the opportunity to
design, install and test a small Local Area Network (LAN). This includes
establishing a file server, client, runsiruction and testing of cabling, and the design
and installation of the directory tree. (Veal und Maj, 2000), The CIM and NIM unit
workshops cost AUS $35K for the initial equipment plus the cost of technical
support and a dedicated laboratory. In the subsequent unit, Computer System
Management, students have the opportunity to install and test Digital Video Disks
{(DVDs); flat bed scanner; PC' video camera; Infra-red communications link; Zip
Disk; and establishing and testing a videa conference communications lfak via a
local area network (Maj Kohli and Veal 1999). In this subsequent Network unit
more emphasis is put upon NT systems. These two units required AUS $60K in
initial equipment costs plus the cost of technical support and a dedicated laboratory.

Within the CDM unit Safety & Health are imponant from & safety and a legsl
perspective as both employees and employers have legal responsibilities, which
cannot be delegated. Students are piven practical safety demonstrations as well as
being informed and examined on the legal aspects of safety. Sets of multi-choice
questions have also been designed in an attempt to further test and extend student
appreciation and understanding of safety issues.

Competency Bascd Assessments (CBAs)

The 18'07 Model Cuwrricvlum Guidelines note that: “The basic idea Is that
graduates of IS programs should have competencies, skills and attitudes that are
necessary for success in the workplace and life-long learning as an IS professional
or provide the basis for graduate programs™. (Davis Gorgone, Couger Feinstein
and Longnecker 1997 pp37). Both CIM and NIM were designed to integrate
theoretical understanding gained through lectures with practical exercises.
Assessment of ‘hands on’ skills could prove to be a cause of concern for the staff
involved. However, CBAs have been found to be to more suitable for testing
aspects of stidents” "Hands on’ skills and knowledge than written assignments.
Competency has been defined as “The ability to perfarm in the workplace” by
Goldsworthy {19%3).
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CBAs have been described as: “an approach to establishing occupationally-
relevant standards of competence, The emphasis is on demonstrated competence in
the skills relevant to an occupation” (DEET 1992). Within a university confext,
CBAs are somewhat unusunl sccording to Ashenden (1950): “Training for many
occupations is conducted in universities and colleges where the standards set oflen
have more to do with educational or scholarly performance than performance as
an engineer or doctor or accountant, It is in this context that the idea of
‘competency assessment ' has grown up".

Under & heading of “Education v Training” Denning notes “Learning the
professional practices of a specialty of information technology Is every bit as
important as learning the intellectual core of computing. The mark of a well-
educated prafessional will be a balauce of the two, earned perhkaps through
parinerships and training companies, The current academic inclination to distain
skitl-specific training does not fit a prafession” (Denning 1998).

The intended wse of CBAs within {he C1M and NIM units is not to supplant but to
supplement the more conventional means of student assessment. Student's
theoretical understanding and knowledge on the CIM and NIM units are assessed
via a conventional three-hour end of semester written examination and two written
assignments.

Were such “hands-on™ units as described above to be included in IS management
courses then time spent on this provision would need to come from somewhere else
in the curmiculum, The updating of curricula knowledge often leads to similar
situations where topics need to change if courses are to remain relevant,
Furthermore, the unit cost of providing these “hands-on" experiences to large
number of students, for example 200, is diminished by economies of scale as only
one set of exercises need to be developed for each warkshop and one set of
equipment need be used with enly one dedicated laboratory required. A potential
downside is that the workshop equipment would also be more likely to suffer from
the effects of increased usage as has been discovered on the CIM unit which has
now has 125 currently enrolied students.

Conclusions

Most business IT students who valunteered to be interviewed felt that employers
would expect *hands on® practical skills such as upgrading computer hardware, and
network implementation but did not think that their course had provided them with
those experiences. Most students interviewed thoupht that their course was
worthwhile and did provide some uscful *hands-on’ IT skills in the form of
programming and web authoring.

Due to the limitations of a single investigation with anly 13 participants in a
business faculty of a single university in one country these results, though certainly
cause for attention, do not constitute a definitive study. More extensive
investigations need to be undertaken to determine both the source of the concern
about employer exceptions and their extent. It is vital fo interview potential
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employers of IS management to determine their expectations regarding the ‘hands-
on’ skills and experiences highlighted in this paper.

Setting up “hands on’ workshops in computer networking and PC hardware can be
expensive over and above the general demands of more conventional IT or IS units.
CBAs offer a means to efficiently and meaningfully assess ‘hands-on' skills,
Warkshops in PC hardware present additional problems such as Safety & Health
implications and possible damage to equipment. However, the potential benefits
might be great and counld include studenis graduvating from IS and business IT
courses with a wider range of skills and abilities within their field along with
improved employment prospects. Furthermore enhanced faculty reputation amongst
both potential studens and potential emplayers could result from the additicnal
provision of *hands-on' skills and experiences in the vital areas of networking and
PCs. The IS and Business IT fields change rapidly whilst changes in unit provision
take a relatively leng time to bring on stream. A potential scenario resulting from
the omission of such *hands on' provision, or of leaving the introduction of their
provision too late, is that students slong with reputations could go elsewhere,
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3.21.3 Muitiple Choice Questions on a Computer Installation and
Maintenance Unit

This paper (Veal, Engel, & Maj, 2001) was presented at the UICEE 5th
Baltic Region Seminar on Engineering Education, held from the 17" to the 19" of
September in Gdynia, Poland. The UNESCO International Centre for Engineering
Education (UICEE} is based in the Faculty of Engineering at Monash University,
Melbourne, Victoria, Australia. The mission of the UICEE is to facilitate the
transfer of information, expertise and research on engineering education, It
facilitates international conferences werldwide where peer reviewed papers are

presented and published.

The unit Computer Installztion and Maintenance (CIM) had been running
for 5 years at ECU at the time of this research and had been consistuntly
oversubscribed attracting students from other faculties within ECU, and from other
universities within the Perth area. It was discovered that many CIM students came
from non-computing, non-technical backgrounds. The CIM unit, of necessity,
covers a wide range of technical topics. The testing of students’ knowledge before
the final examination to provide feedback for staff end students was perceived as
desirable by both the staff involved and by many of the students. The research
question was; did the students perceive the use of testing to provide them with
feedback on their progress in a range of topic areas in the CIM unit via Multiple
Choiee Questions (MCQs)? MCQs relevant to the CIM unit were developed and
subsequentiy tested on students in the CIM unit as a pilot process, After answering
the MCQ paper, students wers encouraged to complete an anonymous
questionnaire asking if they regarded MCQs as useful. The answers to the MCQ
paper were later worked throngh in tutorials and the reasoning behind both the
correct and incorrect answers was explained. This paper details the results of the
survey of student opinions regarding the use of MCQs. It considers the passible
advantages and disadvantages of their application within the CIM unit. This
included things such as, the use of MCQ as an aid to revision; MC(} question bark;
cueing; and a student survey as well as anti-gnessing formals. Criticisms of MCQs
such as the Trivial Pursuit Theory of Knowledpe are also considered. Use of MCQs
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in commercial certificetion programmes and the use of adaptive testing are also
considered,

Additional new knowledge resulted from surveys to students in the CIM
unit and the implementation of MCQs on a hands-on university CNT unit. The
results of a survey revealed that most students thought that feedback before the
main examination via MCQ results was a good idea. It was also found that some
students believed that MCQs were easier than standard written examinations, at
least from the perspective of causing less language difficulties for some students for
whom English wes not their first language. It was also discovered that some
students thought that there was a *trick” aspect to some MCQs.
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Multiple Choice Questions on a
Computer Installation and Maintenance Unit.

D. Veal, A. Engel, S. P, Maj
School of Computer and Information Science
Edith Cowan University
Perth, Western Australia
Australia

Abstract:

The unit Corputer Installation and Maintenance (CDM) has been munning for 5
years at Edith Cowan University (ECU), has been consistently oversubscribed and
has attracted students from other faculties within ECU and from other universities
within the Perth area. Many CIM students come from non-computing, ron-
technical backgrounds. The CIM unit, of necessily, covers a wide range of technical
topics. The testing of students’ knowledge before the examination to provide
feedback for staff and stndents was perceived as desirable. Multiple Choice
Questions (MCQs) were developed and subsequently tested on students in the CIM
unit as a pilot process. After answering the MC(Q) paper students were encouraged
to complete an anonymous questionnaire asking if they regarded MCQs as useful.
The answers 1o the MCQ paper were later worked through in tutorials and the
reasoning behind both the comrect and incorrect answers was explained. This paper
details results of the survey of student opinions regarding the use of MCQs. It
considers the possible advantages and disadvantages of their application within the
CIM unit. The use of adaptive testing using MCQs is considered.

Introduction

The unit Computer Installation and Maintenance (CIM) wes set up in response to
findings by Maj et ¢l {51 who identified a mismatch between the skills and
knowledge required by employers in the field of CIM, and the skitls and knowledge
possessed by third year computing seience students who had successfully passed all
of their previous units in computing science. Maj et al note that: *...none of these
students could perform first line maintenance on a Personal Computer (PC) to a
professional standard with due regard to safety, both to themselves and the
equipment. Neither could they install communication cards, cables and network
operating system or manege a population of networked PCs to an acceptable
commercial standard without further extensive training” [6].

As there are no prerequisites for CIM, students come from a wide range of
backgrounds with respect to technological education [16]. Assessment is currently
based on two written assignments and a three-hour written examination. Staff noted
that the assessiments did not caver the entire syllabus and that there was alse a lack
of timely feedback. MCQs could be set to cover those parts of the syllabus not
covered by the present assesscnent practice. It was thought that MCQs could also
provide timely feedback, without excessively increasing staff workload, Staff and
students cauld then address problem areas revealed by the MCQs. Additionally,
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MCQs could be used for end of semester revision. A short MCQ test could
highlight topics students need to revise.

The addition of MCQs to the final written exarnination paper would provide an
opportunity to examine student understanding across a broader range of topics than
would be possible with only a written examination,

Staff feedback to students could include explanations of why answers chosen were
correct or incorrect. This can encourage the promotion of discussion, both to
resolve misunderstandings and to enable students to put their point of view.

Ambignity in MCQs can be a problem. Having another member of staff checking
the MCQs for ambiguity can help to avoid this situaticn,

Previous Use of NfCQs
MCQs had been successfully used in previous semesters to test CIM students’
understanding of basic Physics [16].

MCQ Question Bank

To ascertain the poteatial usefulness of MCQs in the CIM unit, a question bank was
developed to test student undersianding across a wide range of the CIM syllabus,
An MCQ paper of 25 questions was chosen from this question bank and students
were given 35 minutes to complete the test. All managed to complete the paper
within the allotied time with 1o students noting that they required extra time

‘The Student Survey

An anorymous survey was cenducted immediately after the MCQ test. Students
were asked whether they would like to see MCQs as g part of the end of unit
examingtions. Three students thought this was bad idea, 30 were neuiral and 67
considered it a good idea. Student statements included: *Those trick questions
reafly make you think”, “The guestions wowld give a more challenging approach
since questions can be phrased in ways to test knowledge" "Word English is the
problen: for us (International studems) Multi-choice helps us to understand
guestions”, "I don't understand the theory so including it I would be just as
confused, Although if we had had multi-choice each week then this would have
helped a lot”.

Another survey question asked whether MCQs would be useful as a revision aid. In
response 84 students replied yes, 16 were neutral and none replied no. Statements
included:

» “it shows what your strengths and weaknesses are”

o “ft will help in most aspects of revision”

s “becanse I fust did pretty bad, so I know what  have to study”',

As the student response to the sample MCQ test was positive, MCQs are being
developed for further use in the CIM unit,
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Criticisms of MCQs

MCQs can be used to assess across a broad range of a curriculum. Within the CIM
unit the use of MCQs is not ta replace more traditional forms of assessment but to
enhance them by providing both timely and cost effective revision and feedback to
studenis. Scouler notes that different forms of assessment can promote different
forms of learning [12], whilst Lazarus observes that: “Even mare than their
teachers, students know that the test is what maiters most. 'Are we responsible for
this on the lest?’ is the studeni's way of asking 'Is this worth my trouble to learn?’
when the answer is no, attention is turned off as if it were the flick of a switch” [4].
Therefore, the inclusion of MCQs as an additiona] form of assessment could aid the
learning process. Farthing netes common objections to MCQs: “fthey may be
answered simply tirough guessing; they assess only trivial recognition of facts,
rather than high-level thinking, such as exercising judgment and synthesis; they
offer a choice of answers, rather than of ask the candidate to construct and
answer” [3],

Swanson et al note that: "Crities of MCOs often focus on ‘eueing' inherent in MCQ
Jormat: they argue that examinees need only recognize the correct answer, rather
than work through the problem and construct it. This is a legitimate concern, but it
is generally straightforward te rediice cueing by increasing the number of response
options", However, they point out that: "Critics of MCQs alsa argue that in real-
world situations, physicians must consider more than a single best answer" [14].

A similar case is made by Christianson and Fajen who note that: “Some critics
assert that @ single multiple-choice test can 't tell you whether a person can handle
real-world problems using a particular product.., Furthermore, the nuitiple-choice
tests that vendors wse are typically designed — by teams of practicing and skitled
‘prometricians’ {professionals in testing and measurement} — 1o assess Imowledge
and abilities as will be needed in real-world applications [2]

Situations requiring “more than & single best answer' were addressed in the CIM
unit by the use of competency-hased assessments (CBAs) [17]. CBAs are also
known as ‘hands-on” performance-based fests. Real world situations are simulated,
in part, by extensive “hands-on' workshops each of two-hours duration per two-
hour theory lecture. As in medical diagnosis, a parlicular PC malfunction symptom,
presented to students during a workshop, is not always indicative of the same fault,
and further investigations may be required.

With respect to commercial certification, Christianson and Fajen also note that:
“Certification is not without its detractors... It is irue that not all certification
programs involve hands-on performance-based testing, Many programs do and the
general irend is to move certification programs in that direction” [2].

Suskie in & paper entitled “Fair dssessment Practices” notes that to be es fair as
possible to students in the assessment process we should use many kinds of
measures noting that “One of the most troubling trends in education today is the
increased use of high stakes assessment - afien a standardized multiple-choice fest
-- a5 the sole or primary factor in a significant decision, such as passing a course,
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graduating, or becoming certified, Given what we know about the ingecuracies of
any assessment, how can we say with confidence that someane scoring say, 90 is
competent and some scoring 89 is not? " [13].

However such criticisms could apply to mast forms of testing, nat just MCQs,

To addrass the problem of merely guessing answers, Farthing et al have developed
permutational MCQs making successful guessing statistically unlikely [3]. The UK
Open University has made extensive use of MCQs as an integral part of some of
their programmes. For example, MCQs can be used that have answers ‘A’ to ‘H’
inclusive and each of these possible answers can themselves depend on a
combination of up to 6 factors {10]. Farthing et al also note that a common
chjection to MCQs is that: “rhey assess only trivial recognition of facts rather than
high level thinking" [3]. McPeck calls this “The Trivial Pursuit Theory of
Knowledge". He goes on to state that: “Like the game Trivial Pursuit, knowledge is
assumed to be the kind of thing wihich can be fitted into one-sentence guestions,
with one-sentence answers™ [8).

However, McCurry states, with respect to MCQs, that: “they can alse assess higher
order skills when they are well written” and notes that “MCQ tests are described
as ‘objective’ because their scoring can be mechanical and unambiguous.
However, there is always an element of subjective judgement about what te include
in a multi-choice examination and about whut constitutes adeguate performance on
sueh a test™ [7].

Pithers notes the difference between select-type questions, where students need to
select answers from a range of alternatives and supply type questions, where they
need to provide the answers. Pithers states: “Supply-type items have typically been
shown to have the capacity to tap deeper levels of cognitive understanding and
application, It should be noted however, that if well thought out, sometimes select-
type muiti-choice items can achieve this as well”[11].

Advantages of MCQs

McCurry notes that MCQs have the special advantage of being able to assess
candidates’ mastery of a wide varicty of facts and procedures within a limited time
peried [7]. Whilst Farthing notes that: “Well formed distracters can present
candidates with options that they may not have otherwise considered. This can
chatlenge woolly thinking in a way that open-ended questions do net” [3).

Adaptive Testing

Where a large bank of questions is available adaptive testing can be part of the
MCQ process. IT trainers and assessors have used adaptive testing as part of their
certification processes, Novell’s examinations for Certified Novell Administrator
{CNA) and Certified Novell Engineer (CNE) are wull-established examples of
combining MCQs with adaptive 1esting. Another example of this type of combined
MCQ/adaptive 1esting is the A+ Technicians exam. Under the heading of “test
taking hints” Brooks notes that “the A+ Exam is an objective-iased timed test”, and
that students should “be aware of A+ questions that have more than one answer”
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[13. Brooks also notes that the organisation responsible for the defivery of the A+
examinations, CompTIA, will eventually convert all of its exams into adaptive
mode [1]. Adaptive tests are sometimes provided on an accompanying CDROMs
included with training packages,

The adaptive testing process can be quite complex and can be used both for MCQs
and for other forms of assessment, Under the heading of “Frequently Asked
Questions About Adaptive Exams” on a Microsoft Training and Certification web
page, it is noted in response to the question “What does an adaptive exam look
like?" that “An adaptive exam appears the same as o fixed form exam but presents
guestions targeted to the examinee s level of ability. This ultimately results in fewer
questions for the examiinee.. An adaptive exam uses a statistical process of
discovery. It first presents a question of moderate difficuity. When the examinee
responds the question is scored immediately. If correct, the test statistically re-
estimates the person’s ability at a higher level, The exam delivery algorithm then
Jinds and presents a question that matches that higher abifity. (if the question is
answered incorrectly the opposite oceurs)... This process contivues with the test
gradually targeting the examinee's target level The exam ends when either the
accuracy of the examinee ability estimate reaches a statistically acceprable level or
when the maximum number of jtems has been presented " [9].

Adaptive testing is useful to probe students’ understanding, However, its use as a
replacement for university examinations is problematic if only due to the present
requirement that all students sit an identical examination. In view of the extensive
use of adaptive testing by commereial accreditation providers, adaptive testing may
nevertheless be usefol for those students whe intend to sit for commercial
certification.

LA

The relatively steep lea,. ~a curve experienced by many CIM students, especially
those students from a non-t. »nological background, means that staff need to
actively monitor student understa, ding. MCQs can be used as part of the final
examination, for end of unit revision, v as diagnostic tests to provide feedback for
staff and students.

It was found that once banks of MCQs a = sef up they could be modified and
reused, hence providing a valuable assessn =nt and revision resource, The trial
MCQ paper taken by CIM students included q. estions that encompassed a range of
levels of difficulty. For student revision it is it tended to initially ask questions of
fact, graduating to more difficult questions onc  the students have gained a befter
understanding of the fundamental principles.

Adaptive MCQ testing at present appears to be limited to providing practice for
students' intending to sit for commercial certifica .on. However, the future potential
of adaptive testing within universities ought - ot to be ignored, particularly if
computer-aided testing were to become more wi espread.
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3.2.2 Cost Benefit

Hands-on in CNT education mandates 2 different approach and results in
components of cost different from traditional computing science units.

3.2.2.1 Computer and Network Techoology Education at Maxinum
¥alue and Minimum Cosi

This paper (Veal & Mazj, 2000b) was presented at the American Society for
Engineering Education (ASEE), Computers in Education Diviston, 2000 Annual
Conference, (held in St Louis, Miszouri, USA). The ASEE is one of the leading
enginesring education bodies within the USA. Its annual conference is its leading

forum for publication and presentation,

This paper presents an international comparison of employers’ skill
expectations of students, The Network Installation and Maintenance (NIM}) and the
Data Communications & Computer Networks units were compared. The Digital
Technology and Computer Installation and Maintenance (CIM) units are also
sompared. Factors considered in the selection of the initie] FC used for students to
work with in: the CIM unit are considered. The use of switchable faults as part af
the favlt finding exstcises are also described. Students’ experience of a range of PC
architectures to develop their skills and the importance of systematic observation to
enhance the benefits of these hands-on experiences is emphasised. It was found that
it is important to retain a classroom set of working PCs, which is vital from an
instructional perspective. The value of a working class set of PCs exceeds the
actnal monetary value of a particular PC, Students are presented with a graded
range of tasks of increasing difficulty to enable them to gain the initial skills and
understandings required. Simple tasks were performed before students were faced
with more difficult tasks. It was found that students needed plenty of practice to
develop their hands-on skills in this unit. The importance of safety is rajsed as well
as the costs of running the NIM and CIM units. Low attrition rates with respect to
student continuation with these units are alsa noted and the results of student

interviews and survey are presented.
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Additional new knowledge includes findings of the costs, and problems
invelved in the implementation of this hands-on networking unit within a university
context. Whilst it may be concluded that the CIM and NIM units are cost effective,
they also incur some additional costs when compared to more conventional C§
units. However, savings can be made by using discarded equipment to help offset

the additional expenses incurred,
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Computer and Network Technology Education
at Maximum Value and Minimum Cost

D Veal, S P Maj
Schenl of Computer and Information Science
Edith Cowan University
Perth, Western Australia
Australia

Abstract

Rapid advances in technology place considerable demands on computer and
network curriculun.. A market analysis clearly demonstrated that the stendard
approach to teaching computer and network technology failed to meet the
expectations of both studemts and employers. A subsequent, prelitninary
international market analysis endorsed this finding. Accordingly a new curriculum
was designed, implemented and evaluated at Edith Cowan University, The student
demand for this curriculum has always exceeded possible places and student
atirition rate has been consislently very low. An independent review of one unit
found: 80% would recommend this unit; 75% found the practical sessions vsefi;
70% found the unit relevant to their needs and 55% think this should be a
compulsory unit. Significantly, this curriculum attracts students from a wider range
of disciplines {Computer Engineering, Computer Science, Business IT, Multimedia,
ete) and also students from other universities within the state.

This portfolio of new units provides each pair of students with their ovn client-
server network connected to the Intemmet, a wide range of PCs and associated
equipment. Workshops include the installation and testing of: master-slave Hard
disc, CD-ROM, Digital Video Disc (DVD), flat bed scannet, PC video camera,
Infra-red communications link, Zip Disc efc. Other workshop exercises include
establishing and testing a video conference communications link via a local area
network, With nearly over two hundred stdents every semester the logistics
associated with supporting this type of lahoratory are non-trivial. Issnes include:
inittal equipment cost, student safety, darnage to equipment and technical support.
This paper presents details of how this new cumriculum was designed and
implemented at a minimum cosi.

Introduction

Reperts such as the 1991 ACM/AEEE-CS Computing Curricula ' provide the
foundations of computer science curriculum world wide and set benchmarks for
accreditation by professional bodies. The computer science degree at Edith Cowan
University (ECU) is level one accredited by the Australian Computer Society
(ACS). According to the 1991 ACM/IEEE-CS report, "The outcome expected for
students should drive the curriculum planning”. Within Westem Australia an
exploratory market audit was conducted of a wide range of industral and
commercial companies. This was complemented by a further detailed analysis of
the IT department of a state wide rail company. From this survey a set of guidelines
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were developed for the type of skilis expected of computer science graduates
entering the field of computer and network support. Using the criteria developed a
random selection of ten, final year ECU computer science undergraduates were
interviewed from a graduating population of approximately one hundred,
According to Maj:

“It was found that none of these students could perform first line maintenance on a
Personal Computer (PC) to a professional standard with due regard to safery, both
to themselves and the equipment. Neither could they install communication cards,
cables and network operating system or manage a population of networked PCs to
an acceptable commercial standard without further extensive training. It is
nateworthy that none of the students interviewed had ever opened a PC. & is
significant that all those interviewed for this siudy had successfilly completed all
the units on computer architeciure and communication engingering” 2,

The computer architecture and communication engineering units were: Computer
Technology, Microprocessors, Data Communication & Computer Networks. These
mits follow the standard approach taken by most universities. The Computer
Technology unit intraduces students to computer systems and hardware i.e. number
codes, assembly language (Motorola 6800), machine architecture ete. The
Microprocessor unit is a detailed examination of microprocessor technology and an
in-depth treatment of assembly lanpuage (Intel), The Data Communication &
Computer Networks unit provides an understanding of the physical and logical
elements of data communications with a detailed discussion of the 150 O8I model.
Furthermore, interviews conducted with five ECU graduates employed in computer
and network support clearly indicated that they were, 10 a large degree, self-taught
in many of the skills they needed to perform their job. Preliminary investigations
indicated a similer situation with computer science graduates from other
universities within Western Avstralia. This problem is exacerbated not only by the
constant and rapid changes in technology but also the requirement to teach
technology to students from a wide range of discipline such as multimedia, e-
commerce etc. The authors therefore attempted to find an alternative approach to
teaching introductory computer and network technology. According to Campus
Leaders: “the predominant reason why they {students) have gone 1o university was
to get skills, kmowledge and o gualification that would assist them in either gaining
r;mp!oymem or enhancing thelr prospects for promotion or a more rewarding job"

Other countries similarly have professional accreditation. In the United Kingdom
(UK) the British Computer (BCS) accredits university courses and bas an
intemnationally recognized examination scheme in two paris with Part IT at the level
of a UK honors depree in cotnputing. The initial ECLJ student questionnaire, first
used in 1993, was also conducted in 1999 at two universities in the UK. A similar
study is currently being underteken in Sweden. The first university has well
esiablished degree programs and is fully BCS accredited. The second university
recently redesigned their IT awards, some of which are now BCS accredited. ‘The
degres programs at the first university offer students the apportunity 10 examine a
PC in the first year as part of a module in Computer Organization, However they
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never take a PC apart, Students are taught network modeling, design and
management but they do not physically construct networks, The results clearly
demonstrate that students lacked knowledge about PC technology and the basic
skills need to operate on computer and network equipment in 2 commercial
environment, This is despite the fact thai most stedents thought such Imowledge
would be beneficial. The survey indicated that any practical knowledge students
have of hardware is largely a result of experience outside the course. At the second
university the results demonstrate that these students had a broad, hobbyist's
understanding of the PC but no knowledge of health and safety law. Significantly,
the students interviewed identified that their skills and knowledge of PCs and
networks came from self-study or employment, not from courses at university.
Again student responses indicated that such knowledge would be useful. We
therefore examined developments in computer and network technology curriculum,

Computer and Network Technology Curriculum

The problems associated with teaching computer technology are not new. Units in
microcomputer systems are fundamentaily important to studenis **, These address
issues that include: computer organization, memory systems, assembly language,
digital logic, interrupt handling, I/O and interfaces. Mainstream computer science
education is well supported by journal articles on various aspects of re-
programmeble hardware for educational purposes * and assembly language 5,
Simulation has proved te be a very useful too! ™ * % Reid used laboratory
waorkstations to allow undergraduate students to "build ¢ complete, functioning
computer - in simfation" '°, The simulation is so complete that it:

“extends down to the gate and signal levels, with effective modeling of delays and
transitions, so reasongble assurance of the validity of the designs can be achieved.,
The computers constructed in this laboratory are complete with peripheral
equipment includfnér tapes and discs, and the students furnish a rudimentary
operating sysrem"l .

Pilgrim [10] tock an alternative approach in which a very small computer was
designed in class and bread-boarded in the laboratory by students using small and
meditnm scale TTL integrated circuits. Thereby, according to Pilgrim, providing
students with the “kmowledge and experience in the design, testing and integration
of hardware and software for a small computer system”™ 11 According to Parker
and Drexel simulation is a preferred approach because: “In the past we used
separate and wswally unrelated, bread-boarding labs te demonstrate basic system
elemenis: decoders, multiplexers, sequential logic etc. However, students often do
not see the big picture” . The difficulty of providing a suitable pedagogical
framework is further illustrated by Coe and Williams:

“In trying to understand the detailed operation of the computer, the student must
consider the constantly changing state of its individual components. One natural
way 1o represent this state information is by means of componenis. However even
Jor the simplest uni-processor the set of data to be conveyed by such means is very
Iarge and subject to rapid change”, "
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And further that: “This presents the scientist with a problem - how o represent a
large, everﬁhang!ng set af state information with sufficiently fine time resolution af
be useful”

Coe ¢t al address this problem by means of simulation, Bameit ™ suggests that
standard computer architecture is too complex for introductory courses and that
"One alternative Is to define a simple computer with a limited instruction set and
use this computer as an example” Similarly the problems with teaching netwerk
technology are not new and various approaches have been employed. Primarily
software approaches have been advocated by '% 1% 1 18 The dominance of the
TCP/P standard being addressed '* . Advocates of simulation as a primary tool
for curriculum design include 2 ** P, According to Engel simulations and
demonstrations, though valuable, do not provide studenis with procedural skills
such as how to actually install, maintain and manage a network 2,

However, it is possible to consider the PC and network tectinology from a different
perspective. The PC is now a (relatively) low cost consumer item, This has been
possible due to design and manufacturing changes that inchde: Assembly Level
Manufacturing (ALM), Application Specific Integrated Circuits (ASICsj and
Surface Mounted Technology (SMT). The result is PCs with a standar? architecture
and medular construction — so simple that high scheol students rake them apart.
However, traditionally computer technology education is 1ypically hased on digital
techniques, small scale integration IC's, Kamaugh maps, asseribly language
programming etc, Operation on FCs at this level simply does not exist any tore
within the field of computer and network support. Valuable though simulation and
breadboarding may be a typical PC support environment demands other imowledge
and skills that include: upgrading PCs, fault identification and correction
procedures, safety, ability to recogmize different system architectures etc.
Simulation provides no experience of practical problems such as inserling a new
input/output card into a PC and the associated skills that are needed.

Procedural Skills — Conceptual Knowledge

The anthors subrmnit that that despite interest from students the standard curriculum
in computer and network technology does not provide students with the apportunity
10 acquire the necessary skills recopnized as either relevant o their needs or those
of potential employers %, This opportunity to develop technical expertise is an
enhancement of theoretical knowledge. According to Cervero: *the popular
wisdom among practicing professionals is that the kmowledge they acquire from
practice is {“:ar more useful than what they acquire from more formal types of
education” ", Cervero further argues that the “goul of professional practice is wise
action” and that “fmowledge acquired from practice is necessary to achieve this
goal" *, Both conceptual and procedural knowledge are necessary for professional
practice, Procedural knowledge is kmowledge how to do something. The 1991
ACM/IEE-CS report states that, “undergraduate programs should prepare students
to apply their knowledge to specific, consirained problems and produce solutions™
!, A pood case can therefore be made to provide students with the opportunity to
perform workshop exercises such installing and maintaining networked PCs in an
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environment that mimies standard commercial/industrial practices and is more
directly relevant to student needs.

Curriculum Design — Computer Technology

At ECU a new curriculwn was designed consisting of four units — Computer
Installation & Maintenance (CIM) and Network Installation & Mzintenance (NIM)
both prerequisites to Computer Systems Management (CSM) and Network Design
& Management (NDM). The units CIM and NIM were introduced first. The
success of these two units led to the introduction of the other two units.

The unit CIM provides 2 practical, inter-disciplinary, problem oriented approach.
Rather then lowering academic standards Professor Lowe, as cited by Armitage,
argues, “the complexity of the real world is more intellectually taxing than living in
imaginary worlds of friction-Jess planes, perfectly free markeis or rational policy
analysis" ¥, There are no unit pre-requisites for the CIM unit, hence one of the
main problems is to control complexity as PC architecture can become complex
very quickly. Accordingly a systems engineering approach is employed ie. a top
down, hierarchical, modular analysis. According to Scragg:

“most (perhaps all) first courses in computer hardware are created 'upside-down'
- both pedagogically and pragmatically’. This has the consequence that
‘Pedagogically, this approach provides no ‘cognitive hooks', which might enable
students to relate new marerial to that of previous courses - until the semester is

almiost complete™ ™,

Accordingly Scragg recomimends 2 top down approach starting with material
already familiar to students and then working towards less familiar models. In
contrast to traditional units in computer architecture/technology the unit CIM does
not include digital techniques (combinatorial and sequential logic), details of
processor architecture at register level or assembly language pragramming,

Rather the PC is considered as a set of inter-related modules each of which is then
addressed in detail appropriate to a first level unit. In particular the PC is treated as
a *whole' with detail carefully controlled on 2 *need to know' basis. For example,
the lectures on memory devices address the principles of operation of primary and
secondary memory. Disc drive operation is considered along with typical
petformance figures and the advantages/disadvantages of the different types of
contreller (IDE, EIDE, SCSI). This is complemented by the associated workshops
with a working demonstration of a disassembled but operaticnal hard disc drive.
Futthermore, in the workshops students are required to perform experiments that
include: installation of a second floppy disc drive; addition of a second (slave)
Integrated Drive Elecironics (IDE) hard disc drive; upgrading from an Industry
Standard Architecture (ISA} inputfoutput card to a PCI Local Bus etc, This is
complemented by experiments in fault diagnosis, correction and management. All
operations are at the medule rather than the component level.

Twenty-five IBM model 50z PCs were selected for two reasons. Firstly cost, they
were decommissioncd and obtained at minimum cost. Secondly, even though they
are abaut 10 years old, they are highly medularised with only two connecting wires
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in the entire machine - it is difficult to plug modules in the wrong way. They have,
to date, proved to be an ideal ‘trauma free’ PC for this introductory unit thereby
allowing complexity to be introduced in a safe and contolled manner, It is
essential to be systematic with respect to workshop procedures; for example,
always use an ‘earth’ strap and only change one variable at a time. Observation
skills are needed; for example, never disassemble a device that you cannot
reassemble and if necessary take notes. Safe working practices are mandatory.
Accordingly a simple mnemonic was devised - ‘Systematic Observation and
Safety’ (S08). Experience to date has shown that all students could disassemble an
IBM 50z, however about one third of all workshop groups could not initially
successfully reassemble a PC. Quite simply they did not understand the principles
of systematic observation. In this case they failed to ensure the edge connectors
were properly seated,

Rather than consider the technical detail of one particular type of PC architecture, a
range of PC architectures are used thereby ensuring vendor independent and
generic maintentance skills. The principles of computer operation aleng with an
emphasis on the skills assoctated with installation, fault diagnosis ete. provides
skills that are readily portable between different PC architectures. Given the rapid
changes in technology this emphasis on generic skills is a non-trivial issue.

1t should also be noted that the students who claimed to have prior expetience in
this field damaged more equipment than the novices. Clearly *self evaluation’ of
skills is inadequate. It was found that students must be given the oppertunity to
repeat many of the tasks in order to acquire the necessary skills. According to
Cervero  “procedural knowledge underlies skilled performance, and that
procedural knowledge is acquived through practice” 2,

Commercial equipment is not designed for repeated disassembly and reassembly.
Even with the most rigorous workshop practices, equipment was damaged. We
submit that this can only be accepted as a natural consequence and budpeted for
accordingly. The use of decommissioned equipment significantly minimizes this
expense. After satisfactorily completing the basics, students were then required to
work on a range of different and more complex FC’s with extensive and complex
cabling prior to using new equipment. A range of PC architectures were used: Intel
(286, 386, 486) based Micro Channel Architecture (MCA), Industry Standard
Architecture (ISA), Video Electronic Standards Association (VESA) Local Bus and
Peripheral Compeonents Interface (PCI).

An essential feature of the workshops is that not only are the PCs disassembled but
also some experiments employ ‘live’ testing. It should be noted that even theugh
two earth leakage detection circuits were installed (10 and 20mA) in the workshop
such circuits may afford no protection to the individual when a PC is mistreated.
Hence, throughout the workshops the PC was treated as a potentially dangerous
device, In the final analysis no one can ensure that an open PC iz not in a
dangerous condition and the potential for fatal accidents by electrocution must
always be considered. Accordingly, high tension devices, the VDU and power
supply, are never opened.

151



One of the main problems that we have faced js that students are accustomed to
‘soft systems® in which it is always possible to re-compile or use the ‘undo’ button
in order to correct a mistake. This type of wortk is, however, very unforgiving and
accordingly a fundamentally different approach was needed and must be aught.
One wrong connection made during s live experimeni can destroy a motherbeard.
It should be noted that all workshops were supervised.

All the IBM model 50z PC’s were modified with ‘switchable faults', designed and
constructed 'in house’, thereby allowing the controlled selection and de-selection of
known fault conditions. Using these switches, discretely placed on the
motherboard, it was possible to selectively enable a variety of fault conditions
affecting : individual VDU guns (red, green and blue), horizontal and vertical
synchronization, BIOS, keyboard, fan, floppy disc drive motor and index pulse.

The CIM unit is followed by a second unit, Computer Systems Management
{C5M), in which studems are introduced to more advanced technologies.
Accordingly workshops include installation and testing of: Digital Video Disc
(DVD), flat bed scanner, PC video camera, Infra-red communications link, Zip
Dise ete. Other workshop excrcises include establishing and testing a video
conference caommunications link via a local area natwork. The workshops are based
on typical Multimedia applications. It must be stressed that CIM is a pre-reguisite
to C5M. The equipment vsed in CSM is expensive, ‘state of the art’ technology,
The prerequisite link helps to ensure that students are zble to correctly handle
expensive equipment in a safe manner. 'We suggest that even with the higher level
units there is no requirement to teach electronics or digial technigues.

Computer Deslgn — Network Technology

Novell have intemnationslly recognized professional development program - the
Novell Certified Network Engineer (CNE) which consists of a number of courses.
The unit NIM is based on three courses fram the CNE program i.¢. Administration,
Advanced Administration and Nelworking Technologies 2. The course
Administration is intended for NetWare systems administrators responsible for the
day-to-day operational management of the network such as bagic network services,
login scripts, file system management etc. Advanced Administration introduces
more comnplex tasks that include planning the directory structure, tune performance
and troubleshooting. The course Networking Technologies provides the basic
concepts of network technology i.e. transmission medin, O8I model etc. It must be
stressed that the NTM unit is not simply a collection of three CNE courses. Rather
the NIM unit uses Novell as the target Network Operating System for workshop
exertises in conjunction with more theoretical lecture material In the NIM unit
workshops each pair of students are allocated their own client-server Local Area
Network (LAN). At the conclusion of the NIM unit students are able to take three
Novell courses. To study for these three Novell courses commercially would cost
approximately $A3,000. Students can therefore obtain commercial certification for
university fees. The subsequent unit NDM is NT based and includes topics such as
proxy server, DNS server, RAS server elc,
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Laboratory Desigu and Technical Support

A dedicated laboratery for the units CIM and NIM was designed, constructed and
equipped at an initial cost of $435,000. The extensive use of decommissioned
equipment and the in-house development of switch faults significantly helped to
reduce the cost, With this budget it was possible to provide each of the 10
workplaces within the laboratory with three different types of PC of increasing cost
and complexily. For maintenance purposes it was found essential to have at least 15
of each type of PC, In addition to this class sets of equipment were provided
(Network cards, CDROMSs, PCI video cards etc). The CIM laboratory therefore
consisted of 45 different PCs. For the NIM unit cach workplace consists of a client
(Intel 486}, a server (Intel 486) and a ten-port hub i.e. a self-contained network. The
cabling in the laboratory (Category 5, Unshielded Twisted Pair) allows all the hubs
to be connected together to a switch or hub, located in a patch panel, and hence
connected to the worldwide web with protection by means of a firewall.

At the conclusion of each two-hour workshop zll the equipment must be checked
and where necessary recanfigured. Experlence dictates that two hours of support is
needed between successive CIM workshops. For the NIM unit only one hour of
technical support is needed between successive workshops. However experience
has shown it is advantagzous to allow two hours for maintenance hence allowing
for the oceasional, catastrophic failure of equipment. For all other units at ECU
only the first hour of each workshop is supervised, for the second hour students are
gnaraniteed aceess to the laboratory — but no supervision. During the semester they
have unrestricted access to any vacant laboratories 24hours a day, 7 days & week.
Given the nature of the CIM, NIM units, workshop access is restricted to the
allocated workshop periods, all of which are fully supervised. Prior to the sfart of
cach workshop each pair of students must complete and sign a checklist of
eyuipment, Students are not permitted to leave the workshop until the equipment is
returned.

The number of students for CIM and NIM is restricted to eighty for each unit. This
allows four workshops per vnit with two siudents per workplace. The CIM lecture
is given Menday evening (5-7pin} followed by 2 two-hour workshop (7-9pm).
There are three workshaps on the Tuesday (9-11am, 1-3pm and 5-7ptn). The NIM
lecture is piven on Wednesday evening (5-7pm) followed by a two-hour workshop
(7-Spm), There are three associated workshaps on Thursday (9-11am, 1-3pm and 5-
7pm). This arrangement allows the whole of Wednesday to remove the CIM
equipment and replace it with the NIM equipment. Monday and Friday are used for
change over and development work. Experience had clearly demonstrated that no
other amengements are possible, furthermore it is essential to have an adequate,
secure and convenient storage location. The CIM, NIM curriculum is supported by
a technician for 2 days full-time equivalent. The evening classes provide the
opporiunity for part-time students to attend these units.

The success of the curriculum was such that two other units were introduced (CSM

and NDM). Accordingly another dedicated laboratory was designed and
construeted at a cost of $AUS 60,000 and operates on similar principles to the
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CIM/IIM laboratory., However in this laboratory students are provided with ‘state
ofthe art’ and hence expensive equiprment.

Equipment must continually be replaced. Strict workshop practices minimizes, but
does not prevent, damage and peneral ‘wear and tear’, Given the rate of PC
development many companies decommission equipment which typically can be
obtained at no cost. The main criterion for selection is that for a given type of PC it
is essential 1o have at least 15 identical machines thereby sufficlent for a class set of
PCs with spares. Both laboratories can be muaintsined with a budget of
approximately SAUS 5,000 per annum. This is sufficient to replace items such as
network cards etc.

Health & Safety

Arguably the most important theme in the CBM unit is Health and Safsty -
employees and employers have non-delegable legal responsibilities. The principles
of Health & Safety are introduced at the start of the unit. The first workshop was
concerned entirely with workshop practice and students were required to read both
the university and workshop repulations - it was emphasized that misconduct would
not be tolerated. Misconduct is taken to include failure to observe good workshop
practice, Compulsery attendance at the first lecture and workshop were verified by
a signed declaration, Failure 1o comply being an automatic disqualification from
continuing the unit. Many students have little or no knowledge of legal issues. The
unit therefore includes a lecture on law and technology in order to filly appreciate
the significance and importance of Health & Safety legislation. After a brief
overview of the legal system, the tort of negligence is addressed with reference to
neglipent misstaternent. However, particular emphasis is placed on negligent acis
and the associated Duty of Care and Standard of Care of both cmployee and
employer, The cxamination has a compulsory question on health and safety worth
20%.

Results

The units CIM and NIM were piloted in semester 1, 1996, The majority of stodents
who attended the unit CIM had never taken apart a PC - quite simply they were too
intimidated by the cormplexity of 3 PC and were concerned about the consequences
of making a mistake. Typical comments were “f have never opened a PC before. [
always wanted toe but | was too frightened”. The minority who had did so without
knowledge of and due repard to good workshop practice to ensure safety both to
themselves and the equipment. At the conclusion of the unit CIM students had the
confidence and ability to disassemble, upgrade and perform first line maintenance
on a PC to a professionzlly acceptable standard - they knew how to approach the
problem, what you must always do and what you must never do. Whilst lacking in
experience that comes with time, they could operate with safety in the role of
computer support and solve the many of the more common problems. The majority
of students who attended the unit NIM had never installed a LAN. At the
conclusion of this unit students were able to install and manage a simple network.
The initial quota of 100 swdents for the unit CIM was exceeded with 118 students
enrolling and even then demand exceceding possible places. The student attrition
rate was 8.5% with a subsequent unit failure rate of less than 10%. Since they were
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intro:” 2=d both unils have always bren oversubseribed, had & very low altrition
rat- | attracten siuwcius lrom other faculties and also other universities by means of
J0sg-institutional enrolment.

An independent unit review of the CIM unit fonnd: 80% would recommend this
unit; 75% found the practical sessions useful; 70% found the unit relevant to their
needs and 55% think this should be 2 compulsory unit. The majority of students
enrolled were computer science majors with many in their final year. Three
students were enrolled in an BMSc in Computer Science. There were students from
a wide range of disciplines and significantly, some final year B.Eng. (Computer
Systems Engineering) students.

An educational expert independently evaluated the unit CIM in order to assess
students’ perceptions of the umit, the educational approach taken and the
educational value of the unit. Interviews were conducted with students at the start
and end of the course, Results presented here are from interviews conducted at the
end of the course *". Five students, chasen st random, were interviewed. Interviews
were semi-structured consisting of a number of closed and open ended questions
and respondents were encouraged to comment on any positive or negative aspect of
the course and its effect on their learning, Students' responses were grouped into
common themes, reported below and substanlisted by quotes. All students
perceived the unit as being very valushle. They thought it was “excellent, really
good " and especially liked the “hands on sty and the “logical sequential
presentation of content”. One student thought thal “the practical side was really
good and [ Tearnt a lot”. A fourth year engineering student described the unit as
“very helpfil” explaining that all the rest of his course was theoretical, with
nething practical dealing with the “components with which I have to work”. He
said, “f never see the component in the whole four years of my course™ so0 to
actually work with the components “was helpful to my understanding”. He stated
that this unit should be in first year “fo help students visualise what they are
working with”. A business student described it as “a very good unit™ saying “it
laught me momy, many things I did not know despite my background in information
processing". Another student with a poor background in computing also liked the
unit saying “It’s a great unit, f liked ir very much” and felt that he would “benefit
very greatly from it". One student appreciated the way in which this unit
effectively “demystified the machine and took me behind the scenes” and “gave an
undersianding of how computers work". All students stated that their understanding
of computers and computing was increased by this unit. According to Maj, “Based
on the above interviews it can be stated that this unit (CIM): is perceived as very
vafuable by students from different disciplines; supports learning in other units;
increases students’ understanding of computers and computing: gengrates a
demand for further curviculum in this field; and is about right in terms of

difficulty” .

Digital Technigques

According to the report of the 1991 ACMAEEE-CS Joint Currieulum Task Force
report computer science curriculum includes: digital logic and systems, machine
level represemation of data, assembly level machine organization, memory system
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organization nnd architecture, interfacing and communications, and alternative
architectures ', The suthors do not sugsest that the bandwidth node model should
replace the teaching of this traditional computer technology currieulum. Rather, it
may serve as a usefu! introduction that provides both interesting and useful skills.
This point is reinforced by Ramsden: “Material should preferably be ordered in
such a way that it proceeds from common-sense and everyday experfences io
abstractions and then back again lo the application of theoretical knowledge in
practice” A

Conclusions

PCs now play 2 dominant role in commerce, industory and entertainment. In this
context the standard computer and network technology curriculum designed for
computer engineering and computer science students is in danger of becoming
perceived as increasingly irrelevant — both by students and potential employers.
This paper presents the results of implementing one possible solution 1o providing
an introductory computer and network technology curricutum suitable not only for
students from other disciplines but also as a basis for Engineering and Computer
Science majors. The workshops of this new cumiculum provide students with the
opporiunity 1o perform workshop exercises such installing and maintaining
networked PCs in an environment that mimics standard commercial/industrial
practices and is more directly relevant ta siudent needs, Though more expensive
than more traditional workshops it is still possible to be done in a cost-effective
manner, The success of this new curdcolum is such that since the first two units
were introduced both units have always been oversubscribed, had a very low
attrition rate, aitracted students from other faculties and also other universities by
means of cross-institutional enrolment, Furthermore demand has been such that two
other units have recently been intraduced with the expectation of the curriculum
being expanded even further,
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3.2.2.2 Is a Practical Computer Installation and Malntenance Unit
Cost Effective?

This paper (Cikara, Veal, Watson, & Maj, 2001} was presented at the
UICEE 5th Baltic Region Seminar on Engineering Education, held from the 1™t
the 19" of September in Gdynia Poland. The UNESCO Internutional Centre for
Engineering Education (UICEE) is based in the Faculty of Engineering at Monash
University, Melbourne, Australia. The mission of the UICEE is to facilitate the
transfer of informaviort, expertise and research on engineering education. It
facititates International confercnces worldwide where peer reviewed papers are
presented and published. Although there arc many topics that may be taught on-
line, there remains the problem of the effective and safe provision of hands-on
experiences in units such as CIM, as well as the need to providz an adequate and
timely level of technical support. The nature and particular problems involved in
the provision of the support is also described. Such units require specialised
equipment, and this paper examines the cost and details of such provision. Also
considered is the use of decommissioned equipment; setting up and repair titne
costs; inventory controls; development time, and student demand for hands-on
units, The importance of providing sufficient bandwidth on the network during re-
imaging times is also toted. This paper concludes with a cost benefit analysis.

Additional new understanding includes an vp-to-date knowledge of the
costs of running the hands-on unit, plus costings from a management perspective.
It was found that there were higher overheads due to extra hardware and software
provision, It was aiso found that effective and timely technical support on this unit
is of critical importance, as is the knowtedge of technical support staff in other

areas in respect to copyright, hardware and software advice,
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Is a Practical Computer Installation and Maintenance Unit Cost
Effective?

8. Cikara, D. Veal, A. Watson, S, P. Maj
School of Computing and Information Sclence
Edith Cowan University (ECU)

Perth, Western Australia
Australia

Introduction

A popular theory among practising professionals is that knowledge acquired from
practise is far more useful than what they acquire from more formal types of
education [1]. Ramsden notes that “Many siudents can juggle formulae and
reprodiice memorised textbook kmowledge while not understanding their subjecis in
a way that is helpful for solving real problems™ [2].

According 10 Goldsworthy, “Sil refers to a person’s ability to do something well.
It relates to expertness, a practised ability, a dexterity in performing a task. It is an
outcome that flows from kmowledge, practise, inherent abifities and an
understanding aof the task to be performed" [3].

Theory alone may be inadequate, so practical application and implementation can
be applied to reinforce such skills. Professor Lowe argues, “the complexity of the
real world is move intellectually taxing than living in imaginary worlds of friction-
less planes, perfecily free markets or ravionai policy analysis " [4).

Computer Installation & Maintenance (CIM) is a single semester unit at ECU that
enables students to gain employable skills and experience in this field, as
determined by market-based analysis of potential employers within Western
Australia [5]. Students acquire skills that are commercially relevant, and these can
be highly regarded by prospective employers, It has a weekly two-hour lecture and
an sssociated two-hour practical session.

Dedicated laboratories are required because students reconfigure, disassemble and
assemble PCs [6]. Extra costs are incurred because safety and equipment concerns
mandate that a tutor must always be present when there are students in these
laboratories, which means that they cannot be in continual use by students cor used
for other units, Furthermore, the wide range of PC hardware used requires
additional nearby storage space [7].

Effective and timely technical support is vital for this unit and notmally 1akes place
outside of the two-hour Jaboratory sessions. The setting up and repair time required
for the technical support of laboratory sessions can vary considerably, requiring
time flexibility from technical support staff. Such staff also need to take part in the
angoing development of the !abaratories, as these units need regular updating due
to the rapid advances in both hardware technology and soflware.
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A test of the effectiveness of these units is that students who have successfully
completed them should be able to undertake a technical support role. However,
staff performing maintenance for the CIM unit may need to maintain contact with
the school’s regular technical support personnel. This enables therm to solve
problems requiring more exiensive experience and so avoid expenditure of
excessive extra time,

The extra ongoing costs entailed in providing this unit is offset by the extensive use
of the school’s own decominissioned equipment, The chalienge is to provide
students with extensive ‘hands-on’ experience without incurring extensive
additional expenditure due to ‘hands-on' student damage [4]. Maj has noted that:
“Students who claimed o have prior experience in this fleld damaged more
equipment than the novices. Clearly 'self evaluation’ of skills is inadequate. It was
Jfound that students miust be given the opportunity to repeat many of the tasks in
order to acquire the necessary skifls " [6].

STANDARD COMPUTER LABOPATORIES

Computer Scietice laboratoties are generally based on late model PC compatible
syslems, with 2 collection of applications ranging from Microsoft Office to
graphical packages and Oracle. These are based on the server set up and deliver
model, allowing for reasonably fast, efficient and cheap recovery after any student
problem in a laboratory, The principal expenditure occurs up front in setting up the
envitonment with the larger financial gains made with reduced maintenance costs.

Standard laboratoties require backend imaging servers and a support network, The
imaging servers are powerful Small Computer System Interface (SCSI) sub-system
computers and are dedicated systems. They are used for differenl image
deployment and do not get congested while workstation(s} pull down images of
systems to reconfipure or install a workstation. The associated support network
must also not get congested while workstations pull down an image. This requires a
significant overhead and guaranteed availability.

Software installations {independent of imaging) can require the BIOS to be updated
and the operating system, drivers and other applications to be installed. This
process can take up to a week depending on applications and configurations
needed. Once this infrastructure is in place, a complete reinstall for an eatire lab
from disk can teke as little as 4 minutes, to a maximum of | hour, depending on
software used and image size. This practise is executed on a weekly basis.

COSTING FOR A STANDARD LABORATORY

The set up costs for a standard teaching laboratery includes the camputers
(typically numbering 20 with identical hardware in each system), networking
infrastructure, the backend servers as well as software and maintenance cosis
amortised over a two year period.
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Hardware

The estimated cost of the hardware per workstation including the compauter,
backend servers and networking infrastructure is approximately $4000 each, or
$2000 per workstation per year.

Software
Monitoring and imaging software, operating system and application software per
unit is about $2000 each or $1000 per vear.

Maintenance

Amortising the support salaries across the multi-campus and multi-laboratory
environment results in a figure of $25000 per annum per laboratory, or $1100 per
workstation {taking into account varying sizes of [aboratories).

Total cost
The total estimated cost per workstation per year for support, upgrades and
replecement is $4100.

COSTING FOR A CIM LABORATORY

The CIM laboratery is specialized and is especially constructed for reconfiguration
of computers. One would anticipate that the associated cost for such an
environment would significantly exceed a standard computer [aboratery. Maj notes
that: “in the CIM unil, rather than consider the technical detail of one perticular
type of PC architecture, a range of PC architectures is used thereby ensuring
vendor independent and generic maintenance skitls " [8].

To remonstrate this, a range of PC architectures are employed, such as Intel (286,
386, 486 and 586) based Micro Channel Architecture {MCA), Industry Standard
Architecture (ISA), Video Electronic Standards Association (VESA) Local Bus and
Peripheral Components [nterface (PCL). These include a class set of 10 machines
and associated spares.

Hardware

To set up the workshops ariginally “the CIM and NIM unit workshaps cost AUS
$33K for the initial equipment plus the cost of technical support and a dedicated
{aboratory™ [9]. The school has an upgrade policy designed to keep the standard
lzboratories cumrent with technology, with a major upgrade every two years. The
CIM lab requires modern, rather than leading edge computers 1o support the
activities undertaken in that environment. Using conventional write down
calculations, the value of a two year old computer is approximately $&00 each, or
$400 per annum.

The CIM unit makes extensive use of decommissioned machines, The initial PC the
students have contact with is the IBM 80286 based SOZ. This is due to its high
degree of modularity and robustness, as well as the fact that they can be easily
taken apart and put together. The student has the opportunity to: “acguire
necessary skills in applying correct levels of force and the manipulative abilities
needed in the assembly and disassembly processes” Furthermore: “rhe choice of
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the imtroductory PC can have far reaching consequences with respect to the
maintenance and fongevity of the machines " [10].

The unit attempted to use modem machines as the introductory computer. In the
first workshop, four of these machines were damaged, demonstrating the need fora
simpler, more robust computer, hence the suilability of the IBM 50Z as the
introductory computer. It was found that by steadily increasing the complexity of
computers, the manipulative skill of the student also increases. The benefits of this
approach have lead to increasing the longevity of machines and decreasing the
severity of faults and hence the maintenance time required.

Additional components (for the more modern machines) ars purchased new and are
used to enhance and add to the workshop. This incurs additional expenditure to the
written down value of these decommissioned machines. Therefore, an additional
$500 is allowed per CIM computer per year giving a capital hardware cost of in the
order of $500,

Software

Although minimal, there are still software requirements that need to be addressed,
end standard licensing arrangements apply, This adds an average cost per CIM
warkstation of S$100 per year. This figure is minimised through the use of
shareware or freeware programs and wutilities. Expenses are reduced threugh the
downloading, rather than the purchase of such programs.

Mainienance

Due to the intensive creation of hardware faults and set up activities by suppert
staff, the laboratory has a slightly higher maintenance cost. An essential aspect of
CIM is the disessembly and assembly of PC’s. As students are inexperienced in
such tasks, it bas been noted by Maj that: “all students could disassemble an IBM
50z, however about one third of all workshop groups could not initially successfilly
reassemble a PC. Quite simply they did not understand the principles of systematic
observation” Furthemmore; “the students who claimed to have prior experience in
this field damaged more eguipment than the novices. Clearly “self evaluation’ of
skitls is inadeguate” [6]. Consequently, enabling ‘hands-on' student experience
runs the risk of ‘hands-on® student damape. It is only through systematic
maintenance after each class that potential problems can be detected and rectified.
Although the time invested in such activities can be large, the financial benefit can
be offset through the replacement of components. It is noted by Veal that: “Should
ton many donated machines of the same model be damaged then this could mean
the loss of a elass set. This could far outweigh the associated financial cost” {10].
The antual cost per machine of physical maintenance iz approximately $2500 per
warkstation,

Safety

Safety is another facet that is of paramount importance in the lahs, as directed by
legal and university requirements. As a resuli, certain mcasures have been
implemented to fulfil these obligations, such as the installation of Earth Current
Leakage Detectors alse known as Residual Current Detectors (RCDs) and fire
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extinguishers. They are used comply with Occupational Safety and Health
guidelines as wel) ps safeguard students from potenfial hazards, These however do
come with their own associated maintenance costs. RCDs are tested by the
university electrical department and fire extinguishers are tested on a yearly basis.
All these add 1o the costs of running the workshops.

Development

Dug to the dynamic naiwe of technelogy, there is considerable demand for
computer and network curricula to edapt to these changes, resulting in a never
ending cycle of research and design. As noted by Maj, there is a significant lack of
relevance of university curricula within the field of computer and network
technology [3]. Therefore time must be set aside to continually improve and
develop new workshops in reaction to student and employers® expectations and
demands. Liaising with additional resources incurs added time invelvement that
provides highly beneficial results in terms of suppert structures and expertise.
People involved can be roughly divided up into three main catcgories; lecturing
staff and tutors, school support staff and other third parties.

Staff' not directly involved in the unit, but whe are experts in other areas, can
provide a valuable pool of knowledge. Lecturers and tutors in subjects as Novell
Netware, Windows 2000 and UNIX who have a good understanding of how such
systems operate, and can provide valuable advice on the implementation of support
structures for increased efficiency in maintenance.

School support staff are the primary source of advice and knowledge. Essentially
the work that is performed in CIM is & subset of the jobs that they perform. They
have the experience and expertise to complete the work, and so they are naturally
the {ogical choice for information. Advice on hardware (pros and cons, information
on existing hardware, etc) software (both as a source of programs, decumentation
and copyright informationy as well as general maintenance suggestions are
provided by these staff,

Other third parties mainly involve vendors and sales staff. These people have
information on new products and technologies that are emerging. They are a
primary source for data and pricing for these products. Regular dialogs with such
people can greatly reduce the workload on technical support staff and make them
aware of further emerging technologies in their field.

Inventory Controls

Efficient stock control techniques for all hardware and software are essential for
future investment concerns. Auditing current stock levels as well as damaged stock
can indicate an opportunity to modify a workshop to reduce hardware casualties or
highlight pessible areas for additional investment.

Implementing and maintaining a technical reference lbrary is aucther
consideration. In most cases, associated documentation arrives with the product.
However, in the case where decommissioned equipment is used, documentation is
inadequate or in mest cases non-existent, Manuals, confipuration data, or even
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datasheets must be located in arder for some equiptent to become operational,
There are other miscellaneous ftems that must also be referenced and archived,
These can include device drivers, BIOS updates and test programs

Total Cost
The total estimated cost of a “hands-on’ laboratory as CIM is around $3500 per
workstation per year amortised over & twa year period,

STUDENT DEMAND

The CIM unit consistently achieves high demand with enrolments exceeding
quotas, Student attrition rates are low (8.5%) as well as unit failure rates (less than
10%). There is cross faculty and cross institutional enrolment, high levels of
satisfaction, with independent reviews finding 80% of students would recommend
this unit [7).

Conclosion

Computers now play en incraasing role in all facets of modern society, Standard
computer and network cumicula are increasingly irrelevant in commercial or
industrial situations that require installation and maintenance. To cover this area of
opparthnity, specialized units that give students a greater practical component were
introduced, Although it may be perceived that such a dedicated environment would
have a significantly increased cost over a standard computer laboratory, this does
not accur in reality. In contrast, various methods can be utilised, such as the
extensive use of decommissioned equipment, to reduce the expense, The amortised
cost over a two year period for a standard computer laboratory is $4100 per
workstation per vear, while the cost for a computer installation and maintenance
unit is $3500 per workstation per year. We then conclude that the introduction of
such 2 unit can compare favourably with a standard computer science Jaboratory.
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3.2.3 Physica and Maths

3.2.3.1 Mathematics Requirements on a Compauter Technology Unit

This paper (D Veal, 8. P. Maj, & G. 1. Swan, 2001) was presented during a
session of the mathematics division of the American Society for Engineering
Education (ASEE) at the 2001 Annual Conference in Albuquergue, New Mexico
USA. The ASEE is one of the leading engineering education bodies within the
USA. Its annual conference is its leading venue for publication and presentation.

The unit CIM attracts a wide range of students which includs boih cross-
faculty and cross-institational enrolinents from other universities within the Perth
area. lts wide appeal across a broad spectrin of students has meant that many of
those who enrol may not possess an eppropriate technological, selentific, and
mathematical background. Hence the need for a new pedegogical framework based
upon B-Nedes. This famework required students to be able to solve simple
formulae; convert to and from SImagnitudes and to transpose simple equations.
The problem was that many stadents were unable to use basic mathematics and

mathematical concepts to allow them to use utilise this model,

The need for basic mathematical skills and knowledge is considered as a
significant percentage stvdents found the above mathematical requirements
problematic. The testing of students’ mathematics on this unit, the results, and the
reasons for the response chosen to address these problems slong with the necessary

mathematics required on this unit, are ontlined.

The paper includes Constructivism as a starting point for the new mode! and
points out student difficulties with basic mathematics in using the B-Node model

and with bandwidth caleulations,

Additional new knawledge includes problems that students that students on
the CIM and NIM units have experienced in using basic imathematics in the context
of understanding to operation of PC hardware and computer networks. There is also
a consideration of the problems in implementing use of a simple abstract model

with students experiencing difficulties with basic mathematics. The results of
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student survey of how they wauld like the extra mathematics provided were this to
be possible is included and the chosen method of delivery described. The problems
associated with the chosen method of delivery are also described. In conclusion it
was found that extra mathematical practice was required to enable some students to
benefit more fully from the CIM and NIM units and that students wished this
provision to take place within the normal werkshop setting and time periads.
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Mathematics Reguirements on 8 Compnter Technology Unit

D Veal, S P Maj, G.I. Swan
School of Computer and fnformatfon Sclence (SCIS) / SCIS /Physics Program
Edith Cowan University (ECU),
Perth. Western Anstralia
Australia

Abstract

Computer Installation & Maintenance (CIM) is a ‘hands on' unit run by the
Computing Science department at Edith Cowan University (ECU). CIM was
designed and introduced as a direct result of an analysis of job adverisements in
newspapers in Western Australia and interviews with petential employers in the
field of computer and network instellation and maintenance. This first level unit
consists of & weekly two-hour lecture with an accompanying tow-hour ‘hands on’
wotkshop, and does not have any mandaied entrance prerequisites and yet CIM
attracts a wide range of students, has been consistently oversubscribed, and attracts
both cross-faculty and cross-institutional enrolments from other universities within
the Perth area. Its wide appeal across a broad spectrum of students has meant that
many of those who enrol may not possess an appropriate technological, scientific,
and mathematical background. Hence 2 new pedagagical framework was required,
However led to the use of a model required that students to be able to solve simple
formulae, convert to and from SI magnitudes and to transpose simple equations,
The need for basic mathematical skills and knowledge is considered as many
students found the above mathematical requirements problematic. The testing of
students” mathematics on this unit, the results, and the reasons for the responise
chosen to address these prablemns along with the necessary mathematics required on
this unil, are outlined.

Introduction

Computer Installation & Maintenance (CIM) and are “hands on® units run by the
Computing Science department at ECU. This unit was designed and introduced as a
resuit of surveys of job advertisements in papers in Western Australia. Subsequent
interviews with potentizl employers in the computer and network support who had
recently advertised for staff lead to a list of employer requirements. Testing of 10%
of third year computer science students, who had successfully passed all of their
previous wnits, subsequently revealed that none could fulfil these requirements ™
Those who could partly fulfil the employer requirements had been self-taught,
International stucies have revealed that a similar situation also exists in other
countries '*, Similar findings were discovered from testing multi-media students '%,

CIM i= a single semester first level unit. It consists of & weekly two-hour lecture
with an accompanying two-howr *hands on® workshop,

During the CIM workshop studenis perform a set of tasks such as installing and
testing hard drives, network cards, video cards, upgrading memory and simple
faultfinding exercises. The CIM unit is an option within the ECU computing
science degree requirements however it is a full credit unit. This unit has
consistently been oversubscribed and attracts students both from other faculties
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within ECU and from other universities within the Perth area. Students on this unit
have included IS management students, Multi-media students, ' as well as students
studying dance and drama. The lack of any manduted perquisites may have helped
to widen the appeal of the CIM unit in attracting a broad range of students 2,

Constructivism

As the CIM unit had no prerequisites it is necessary to proceed from the assumption
that students had no previous computer hardware technology education.
Constructivistn suggests the starting point for the explanations was the student's
own experiences. A top down aé:uproach was used rather than proceeding from basic
electronics concepts upwards 1 For example storage and throughput requirements
are made initinlly from concepts such as files, and filing cabinets are equated with
computer secondary memory. Freeways and slower roads are compared to
computer buses and slower dats paths within 2 computer, Students also note the
changes wrought by upgrades and check these changes against expectations based
on bandwidth considerations.

This is in line with parts of Constructivist theory that is based upen ensbling
students to build increasingly complex scaffoldings of understanding upon their
current scaffolding. The Zone of Proximal Development (ZPD), which is the phase
at which a task can be mastered given appropriate support. ** Benson notes that
“Vygotsky * claimed that the larger the zone the better students will learn in
school™ © Matching leaning tasks within student’s ZPD is an important part of the
teaching process from 2 constructivist viewpoeint.

The B-Node Model

A new pedagogical model has been developed to enabie students to compare and
contrast PCs with different internal components using bandwidth nodes. Bandwidth
or throughput calculations were seen as an important in enabling students to assess
whether a computer has the appropriate hardware configuration to handle a
panticular job, The underlying measure of bandwidth enables a minimum
performance criterion that is independent of the underlying technological
implementation ‘%, Likely boitlenecks can be detected found via a sequence of B-
Nodes where obvious ‘weak links" can help highligh! potential problems.

B-Node models are independent of the basic underlying technological
implementation. This is analogous to the use of digital logic gates symbols. Digital
logic pates may be based on elactromagnetic refays, thermionic valves (or tubes),
discrete transistors, or silicon chips. Hence using the B-Nede medel means that
students do not to releam the underlying digital electronics for every major change
in technology. Such methods could be especially useful for multimedia and
business studies students. B-Node analysis is achieved via calculations of
throughput or bandwidth, However, this requires that students are able to solve the
associated mathematics. From the results of a student questionnaire 37 out of 40
students thought that B-Nodes should be tsught en the CIM unit.’é, A significant
advantage of the B-Node model is that simple and meaningful diagrams can be
used. Circuit diagrams, even at the chip level, can be confusing for students with
little previous technological education.
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Student Difficuities on the CIM Unit with Basic Mathematics

Staff on the CIM unit noted that students were having difficulties with basic
mathematics in particularly in the area of bandwidth calculations and mumber base
conversions. Particular problems included:

Rounding, significant figures and decimals places.

Estimation (“Ball park™ figures to detect obvious errors)

Standard scientific notation in particular, and indices in general.

Binary, hexadecimal to denary conversions.

Simple transposition of formulae,

Derivation of a result given facts about the storage or transmission rates of
data.

Being able to solve problems using appropriate formulae,

8.1 units. Appropriate use of S$1 magnitudes such as Giga, Mega, nano ete,

i ol o

i

These findings were in line with the findings of Axmstrong and Crofi who noted
that: “Many entrants to undergraduate mathematics dependant programmes are
being disadvantaged because they lack sufficient skill in basic mathematical
technigues”. And that: “University tutors should not assume that alf their students
have wide-ranging basie knowledge and skitls in mathematics” . The following
example illustrates the type of calculation that students are required to undertake. It
should be noted that the concept of bandwidth used here is bits or Bytes per second
and not Hertz or Mega Hertz from Telecommunications theory.

“Bandwidth = Clock x Data Path Width x Efficiency. The early Intel 3088/86
required a memory cycle time of 4 clocks cycles (Efficiency = %) however, for the
Intel 80x86 series, including the Pentium, the memory cycle time consists af only 2
clocks (Efficiency = %) for external DRAM (Results, 1999). 4 [00MHz Pentium,
with a data path of 8 bytes has a therefore bandwidth of 400Mbytests™",

In regard to performing such caleulations it was implicitly assumed by staff on the
CIM unit, However, the assignment and examination resulis strongly indicated this
was ot the case for a significant munber of unit participants.

The Bandwidth Calculation Test

In order to quantify potential difficulties in performing bandwidth calculations by
students, & short test was giver, This involved the use of scientific notation, Units,
significant figures, the use of basic formulae and SI magnitudes. A total of 46
students took part, which was approximatzly 50% of the students on the CIM unit.
The mean mark was 60% however as the fest was designed fo also test very basic
calculations this result meant that there was a significant problem with regard to
many student’s mathematical skills and understanding in the areas covered by the
test. The test was given to students before such torics were introduced in lectures to
help 1o ascertain their knowledge and skills on entry into the unit. Oaly 31% of
students tested could successfully state how many rnanoseconds there were in a
millisecond. Less than 30% could comectly slate the number ef bits in a Gigabit and
only 15% could perform the necessary calculations to convert a periodic time to &
frequency and frequency to a bandwidth measurad in bits per second. However,
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67% could comectly convert 1000 bytes per second into bils per second. Many
students did not appreciate ideas of significant figures; others experienced problems
with substitution or the choice of an appropriate equation. The students’
calculations of bandwidth were noted, these involved converting between time
periods and frequencies; frequencies to bits per second and bytes per second;
multiplying the bandwidth for one line with the number of lines used to carry the
data. Again many students experienced difficulty in converting between S.1
magnitudes. CIM students slso require algebraic substitution and fermula selection
skills to assess whether particular power supplies were sufficient to handle the
power requirements at particular output voltages. It can be concluded that most
students had insufficient mathematical skills to enable them to benefit fully from
their participation in the CIM unit. It was then decided to investigate possible
methods to help overcome this problem.

Possible Solations to the Lack of Basic Maths Skilts
In order to attermpt address the problem of lack of basic maths skills amongst many
of the students on the CIM unit the following possibilities were considered:

A short maths unit.

Extra basic maths practice as part of lectures.

Extra basic maths practice as part of the workshops.

The use of Pre-recorded Material

The use of a computer based tutorial either via COROM for pre-recoded
tutorials, or via the web,

A drop-in Maths surgery.

ol ol

B

A Short Maths Unit

A similar problem had arisen in respect to the possibility of an extra physics unit, It
had also been discovered that students on the CIM unit Jacked basic physics skills
via a simply physics.test and questionnaire 2. Asked whether they would like an
extra basic maths unit most students replied that they did not wish to undertake an
additional unit to help rectify this situation. This was due to:

1. The extra cost involved.
2. Not being able to fit in the lectures due to extra time availzble.
3. Not wanting to hecome involved in yet more study.

It was thought likely that a similar result would result in this case and so the
question was not asked.

Extra Basic Maths Practice as Part of Lectures

As an additional part of the lectures there would be very little chance for staff to
deal with individual problems as they arose. Furthermore, the quantity of detail
covergid by these lectures, partly due to the necessity of covering much of the
background from a perspective of no previous technical knowledge, means that
there is little or no time available for extra materjal.
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Extra Basic Maths Practice as Part of the Workshops

Considerable time, effort and expense had gone into securing the workshop roams
faculties and maintenance support of two hour for each CIM workshop, This was in
addition to the initial setting up and taking down periods at the start of 2 weekly
series of sessions. IF much of this fime was fo be spent in maths work then this
could have been seen to use most of the time in such expensive workshops as not
requiring these extra facilities. However, there was often some time available near
the end or afier such sessions. The time at the end as due to the fact that not all
workshops took the same time and yet the longest was designed not 10 exceed the
two-hour limit. The time after the workshop was available, as it would not
otherwise be used, as there was a two hour checking and reseiting time sliowed for
the technical staff to prepare for the next workshop. However, with soms of the
longer workshop session some students may need to take the full two hours
tormally available and the proposed extra maths practice could reduce the time
available to spend on the practical exercises,

Pre-recorded Tutorlals

These could include sound recorded sections talking students through the more
difficult exercises and notes. An advantage of such an approach is that most
studenis have ready access (o a tape recorder. A major disadvantage is that it is not
intetactive, The Open University (OU) in the UK ofien used this approach. On
so1ae OU units the use of taped recorded audio as well as video instruction included
self assessed questions as well as the vse of reading material. However due lo the
both the size of the student base for many of the OU Units and the ability of this
university to spend many staff hours for each student hour spent studying it was not
felt to be an effective use of staff time to attempt develop such a system.

Computer-Based Tutorial

The computer based tutorial was not felt ta be a possibility or from a staff point of
view the development of Computer-Based Leaming (CBL) materials was
considered to represent a large input of extra effort that could be better spend in
developments with respect {o these units. However there are many commercizally
available packages that could have been of use. However cost and time constraints
have initiatly limited investigation of these packages on the CIM and NIM units.

Caccella et el have noted that: “"The problems encountered in teaching first year
mathematics are not unigue to Australio. Universities worldwide are wiilising
computer assessed learning to help overcome the problems”. They further note
that: “Computer technology can be used both for disgnestics and for
supplementary material for a unit"*.

In a study of the use of a computer based 1utarial systen be Faye and Scolt students
noted that: “The main advantage of the computer based tutorial in the students
opinion was that the you could work at their own pace and the deadlines and strict
monitoring forced students to complele work and stay up-to-date”. They also
mentiotted the “the ability te obtain help quickly” *. Whilst Roisin Donnelly and
Gorman have noted that: :
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“Each siudent can work at an appropriate level of difficulty and proceed in the
lesson at a pace that is appropriate for them. Such individualised instruction is a
significant feature of CAL" However, they go on to note: “The major weakness of
the computer bused tutorial identified by the studenis was the lack of elp needed to
make conceptual jumps and for understanding a concept thoroughly ", Interestingly
they found that: “While students felt comfortable in csking guesti-ns in both
tutorials they were more comforiable asking questions in the computer-based
tutorials" =,

Furiher research in developing mathe multi-media tutorials in higher education by
Harding, Lay and Moule noted the importance of being able to alter the sequence of’
student’s viewing of material to encourapge expioratory leaming, This meant that
the materials were arranged in small blocks ®, The courseware was designed to be
used across a renge of curricula and they note that video and sound clips can now
be readily included thus gaining many of the advantages of pre-recarded materials
as noted above, They also noted the importance of being able to provide a ‘&t of
parts’ sthaf. “individual teachers can take apars and re-assemble in the order they
wish" ",

A Drop-in Maths Surgery
Armstrong notes that at Loughbourgh University “Drop in surgeries are apen to all
exgineering students for afternoons and one evening each week during term time"”
. Buch surgeries can also expand the tutor’s cxperiences with an extremely diverse
range of students seeking help, The first author found when helping te run such a
surgery in a further education college in the UK, and that the problems brought to
his attention in the same session ranged from basic addition and subtraction to 2
order partial differential equations. There was also a large variation in the usage
palterns of this surgery by swdents, Some students would just come into the
surgery as nceded and leave when they had found haw to solve particular types of
problems. Other siudents would regularly atiend each week and would work
through exercises in the surgery and seek help if and when problems that they were
unable to sofve an their own.

A drop-in maths surgery would havez needed 1o be a faculty, or campus wide,
initiative, This would have required exwra resources and reallocation of staff
commitments within a short time Fame, which may well have not been possible
under the present prevailing circumstances. Furthermore with 50% of
undergraduate assessment being via assignment, care would need to be underiaken
to ensure that this facility was not used for answering assignment questions.

The Delivery Method Chosen

It was therefore concluded that each potential method of delivery of the basic maths
theory and practice had its strong and weak poinis. From a practical short temn
feasibility perspective the mathematics was delivered via a short session at the start
of the workshop pericd. A requirement was that this should not 1ake up more than
twenty minvies at most of the two-hour workshep. As much as was feasible the
maths work was in the context of the work in the lectures and the practical sessian.
However, some maths work bhad to commence wel! before the use of the topic in
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the lectures due to the time needed for the sludents to gain familiarity with the
subject matter. For the workshops, where it was thought that students would need
most of the session to complete the practical work, the mathematics component was
sipnificantly reduced.

Initially during the maths section of the warkshop periods, examples of binary and
hexadecimal and denary corversion and their practical uses was undertaken, Then
work on estimation, and significant figures were attempted. Exercizes in scientific
notion and conversions to and from SI magnitudes were given. Bandwidth
calculations standing with basic time period to frequency calculations and bit to
byte Megabyte and Gigabyte calculations were shown, Students then attempted to
solve these problems in the tutorial group and simple transpositions of formulse.
Although important, merely using drill and practice was regarded as insufficient
and all problems were all given in the context of units and involved calculations
that would be used in computer end network support, Problems, such a5 bandwidth
calculations, wers used to check on the minimwn throughput requirements of PCs
and could be used to compare and contrast some of the st engths and weaknesses of
actual computer systems. The use of equations was demonstrated in situations
likely to arise in the CIM unit.

The assignmenl results for the unit indicated that there was z significamt
improvement in student’s abilities to calculate bandwidth compared with those of
the previous year before the implementation of the extra basies maths teaching and
practice. However this was niot always the case as a minority of students were still
not sble to successfully perform the bandwidih calculations exercises. These
sludents appeared te have problems in deciding what parts of the data in a given
hardware specification to utilise in their calculations, A possible way of flagging
such difficuities could be to give example questions zs homswork during one
tutorial and show solutions during the following tutorial hence giving students a
week to work on the problem and then checking student’s progress. It should be
noted that those who were experiencing difficulty during the tutorials had the
opportunity to siay behind afier the tutorial or could ask to see the tutor later, for
exfra examples and practice. However it was mostly the mature aged students who
chose to attend these extra sessions.

Are there Fundamental Mathematical Requirements for School Leavers?
The problems encountered with students’ level of basic mathematics on the CIM
unit pose the following guestions, which are a part of many basic maths debates:

1. What standard of basic mathematics should students possess on leaving school?
2. Should the main concentration in school maths education be on a practical
sense of on an appreciation of the subject of mathematics?

However Keitel has noted that:

“Mathematics teaching can no longer be perceived as a bound to @ model of
transmission or broadeasting. New perspectives for the teaching and learning
processes have to be developed, such as those offered by consiructivist theary or
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the psycholagy of content-related activity. A dynamic view of mathematics and the
teaching and learning of mashematics must replace the existing conceprlign of
mathematics as a series of comparimentalized tasks and prescribed actions" ™.

Keitel goes on to state that: “Applications and structural insight, technological and
systemic aspects are no longer regarded as contradictory aspects of mathematics
education, as they were in some reform debates™ '°. Furthermore, there have been
many complaints internationally about students’ deficiencies in basic mathematics
3, Whilst McHenry has noted with respect to the quantitative undersianding, that “Jz
is clear that this need for a workforce able to think quantitatively is much more of'a
chaflenge 1o school mathematics, science and engingering than the nuriuring af the
best students toward careers in mathematics, scignce and engineering” *'. Maybe
these approaches need not be mutually exclusive. A major challenge for today’s
education systems are to be able to effectively serve a broad cross-section of
student needs in the arcas of mathematics, science, and technology. McHenry has
also noted with respect to the lack of quality mathematics education reaching the
broad mid-range of students: “without such an ontcome, the student must seek the
opportunity of remedial mathematics education in college, trade school, or on the
Jjob. None of these is particularly satisfactory,” '’ Magrid, in n article entitled
“America's real skifls shortage” makes the point that maths is one part of a
collection of basic skills increasingly required in the modem workplace: “When
thinking about fluture jobs, its important to focus on the basic skills of reading,
writing and math, as well as increasingly important skitls such es critical thinking
and public speaking ", 1?

However, deficiencies in mathematics can be seen as a wide-ranging problem from
basic maths skills 1o mathematical understanding at a higher level such as amongst
full time students in engineering faculties, Kumar notes "7 is the widespread
opinion and belief amiong engineering faculty that undergraduates enrolled in any
engineering field could be better prepared in mathemaiics when taking courses
related to their professional field of study™ ", In respect to students’ basic skills
and knowledge requirements Goldsmith and Mark note the need for mathematical
literacy and that:

“Literacy involves understanding mathematical principles; developing
mathematical ways of thinking; and acquiring fluency with number, geometry and
data, Students develop this literacy by aciivity doing mathematics, using their skills
and friowledge to solve problems and 1o investigate mathematical ideas” I

However, there are problems with Lhe notion of mathematical literacy, Pugalee
notes that: “Borh in the United Sates and abroad, the task of creating a coherent
vision of what It means to be mathematically literate has not been sufficiently
realised™ ™, Whilst Confrey notes that the eall for tn understanding of mathematics
to prepare students to take par! in technological based occupations difierent from
those made previously: “The call is for a technological workforce, and this call to
my mind differs form either of the previous mandates those prepared to the
preparation of mathematicians or to improving standards ta create a quantitatively
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literate public”. Cl:ll'lfl’ey also notes that “this obligates us to view mathematics as
fundamentally a tood"*

Mathematics is used as a tool on the CIM unit and this is basically the approach
that is taken. The aim on these units is not to provide a general understending of
basic mathematics, but to use only specific parts of the subject as necessity dictates.
However, a higher level of mathematical literacy attainment by students enrolling
on the units would, no doubt, help their understanding of some of the subject
matter. No doubt this debate will continue, Students’ motivation to lean
mathematics can be of vital importance in the learning process, and when they is
perceived as relevant to their needs, as on the CIM unit, they can be preparsd to
unidertake the extra work and effort required.

Conclusions

Two new units were introduced based upon job advertisements, employse
requirements. The teaching of mathematics was certainly not a part of the original
intention of these units. However, due 1o a lack of basic mathematics skills amongst
many of the students involved, it was found necessary to include some mathematics
tuition as part of the unit. Basic mathematics was found to be an essential
requirement of this technological based study. With these non-perquisite units extra
mathematics practice was required to enable some to appreciate the numerical
aspects presented in this unit, Such mathematics was also necessary fo enable
students to gain the understanding to successfully complete their assessed work and
10 be able to apply such skills in possible future employment. The use of computer
hardware maths based modeling and calculation necessary for this unit could be
undertaken from a converse direction by using ‘hands on’ experiences with
computer hardware to demonstrate vocationally relevant uses of mathematics.
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3.2.3.2 Physics: Implications for Computer Fechnology

This paper (Veal, Maj, & Swan, 2000) was presented at the American
Society for Engineering Education (ASEE), Physics and Enginecring Physies
Division 2000 Annual Conference, held in $t Louis, Missouti, USA. The ASEE is
one of the leading engineering education bodies within the USA, Its annual
conference is its leading venue for publication and presentation.

The B -Node model coupled with the need for hands-on experiences in CNT
education led to the requirement for students to understand besic physics principles.
‘This research investigated the basic physics knowledge requirements on the CNT
units Computer Installation and Maintenance {CIM) and Network Installation and
Maintenance (NIM). The importance of health and safety is also discussed as are
the problems for students an the CIM units in understanding formula derivation and
application. CIM and NIM are compared to conventional networking and computer
hardware units. Distinctive proupings of physics topics within the CIM and NIM
units are listed and the results of physics test and survey are included. The CIM and
the NIM units at ECU had implicitly assumed that student’s possessed a basic
knowledge of physics, which included basic electric circuits, voltage, electrical
current, resistance, power, AC, DC and EHT as well as electrostatics and light

emission. This was subsequently vevealed to be unfounded.

In the CTM unit the effects of electrical current on the body is considered, as
js application of magnetism in the operation of VDUs and HDDs, The resulis of a
test based upon basic electric circuits had been administered to CIM students which
clearly demonstrated that many students lacked sufficient physies knowledge in this
area to fully support theie leaming. A questionnaire piven to students revealed large

variations in previous levels of physics education,

Given that students must work in a potentially hazardous environment,
knowledge of physics was deemed important by the authors for students to
understand the potential hazards underpinning Health & Safety practices. The
impottance of a basic knowledge of physics, particularly as a foundation for
undetstanding technology and its curriculum implications are diseussed. An outline

of the use of the basic principles of physics on the CIM end NIM units is provided
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which includes the use of the concepts of voltage current, resistance, power, AC,
DC, EHT as well as the effects of electrical current on the body,

New knowledge includes the results of interviews with graduates as well as
the results of physics test and survey which found that many students lacked
sufficient knowledge of physics to enable them to benefit fully from the CIM and
NIM units, Furthertnore, distinct gronpings were found within the student groups
investigated in respect to their physics background with large differences in relation
to their previous study of physics. It was found that there was a need for extra

physics provision within the CIM unit.
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Physics: Implications for Computer Technology

D Veal, 5 P Maj und G I Swan
School of Computer and Information Sclence (SCIS) / SCIS / Physics Program
Edith Cowan University
Perth, Western Ausiralia
Australia

Abstract

Investigations of job advertisements in regional newspapers revealed a high level of
demand for Computer and Network Support (CNS) positions, An in-depth analysis
of employer expectations within the CNS field provided 2 checklisi of knowledge
requirements and skills. A subsequent analysis of 3rd year computer science
students, bath at Edith Cowan University {ECU) and internationally, 1evealed that
they did not possess these necessary background skills — there was a mismaich
between demand and supply. As a result two new first year single semester units,
Computer Installation & Maintenance (CIM) and Network Installation &
Management (NIM), were designed and implemented at ECU. Both CIM and NIM
are regularly aversubscribed; aftract students from a wide range of disciplines and
also cross-institutional enrolments from other universities within Western Australia.
Significantly these new units have a substantizl ‘hands on’ component consisting of
a weekly workshop and associated lecture, both of 2 hours duration.

Both urits assume some knowledpe of physics including basic electric circuits. A
questionnaire based upon basic electric circuits was administered to CIM students
in 1998 and the results clearly demonstrated that most students lacked sufficient
physics in this area to fully suppart their leaming. Given that students must work in
a potentially hazardous environment, knowledge of physics is alse essential in
uniderstanding the principles behind Health & Safety, Furthermore, some students
experienced difficulties with respect to farmula derivation, manipulation and
substitution. The importance of a basic knowledge of physics, particularly as a
foundation for wnderstanding technology and its curriculum implications are
discossed. Possible solutions to students’ problems with basic physics are
presented.

Intreduction

According to the 1991 ACM/IEEE-CS report: *The outcome expected for students
should drive the curriculum planning” *. The computing science department at
ECU conducted an exploratory market audit covering a wide range of companies
offering employment in the area of computer and network support (CNS) within
Western Australia. This tock the form of a survey intended to ascertain the level
and extent of the CNS related skills that prospective CNS employzes needed to
possess. Subsequently a checklist of basic required CNS skills was compiled.
Random selections of ten, final year ECU computer science undergraduates were
interviewed from a graduating population of zpproximately onme hundred.
According to Maj,
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“Jt was found that none af these students conld perform first line maintenarice on a
Personal Computer (PC) to a professional standard with due regard to safety, both
to themselves and the equipment. Neither could they insiall communication eards,
cables and network operating system or manage a population of networked PCs to
an acceptable commercial standard without further extensive training. It is
noteworihy that none of the students interviewed had ever opened a PC. It is
significant that all those interviewed for this study had successfilly completed all
the units on computer architectire and communication engineering” *.

Interviews conducted with five ECU graduates empleyed in CNS clearly indicated
that they were, to a large degres, self-taupht in many of the skills they needed to
perform their job. Preliminary investigations indicated a similar situation with
computer science graduates from other universities wilhin Western  Australia,
According to Campus Leaders: “the predominant reason why they (suudents) have
gone to university was o get skills, knowledge and a qualification that would assist
them in either gaining employment or enhancing their prospects for promotion or a
more rewarding job" .

The initial ECU student questionnaire, first used in 1993, was repeated in 1999 ai
two universities within the UK. Bolh universities have well cstablished degree
programs that are British Computer Society (BCS) accredited. Their degree
programs offer students the oppertunity to examine a PC in the first year, however
they never take a PC apart. On such courses students are faught network modeling,
design and management but they do not physically construct networks. The results
clearly demonstrate that students lacked knowledge aboul PC technology and the
basic skills need 1o operate on computer and netwerk equipment in a commercial
envirenment. This is despite the fact that most students thought such knowledge
would be beneficial. Our surveys indicated that any practica) kmowledge swdents
have of hardware is largely a result of experience outside the course.

Curricalum Design

At ECU a new curricnlum was designed consisting of four units — Computer
Installation & Maintenance {CIM) and Network Installation & Maintenance (NIM)
are both prerequisites to Computer Systems Management (CSM) and Network
Design & Management (NDM). All of these units have a significant practical
component, Both CIM and NIM heve been consistently oversubscribed and are
single semester first level units whose success * led to the subsequent development
CSM and NDM.

The unit CIM provides a practical, inter-disciplinary, problem oriented approach.
For example the basic operation and limitations and preblems inherent in the use of
an ISA bus are discussed and compared to the more modern PCI bus, Rather then
lowering acadernic standards the complexity of dealing with real PCs can lead to
more, not less, complexity when compared to ‘theory only’ computer hardware
units. For example Professor Lowe, cited by Armitage, has argued that: “the
complexity of the real world is more intelfectually taxing than living in imaging

worlds of friction-less planes, perfectly free markets or rational policy analysis™ °,
Such complexity can be very demanding and, as there are no unit pre-requisites for
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the CIM unit, one of the main problems is to conirol a student's introduction to this
complexity. Accordingly a systems engineering approach is employed ie. a top
down, hierarchical, modular analysis. According to Scragg: “most (perhaps afl)
Jirst courses in computer hardware are crealed ‘upside down ' - both pedagogically
and pragmaticafly” 8, This has the consequence that: “Pedegogicaily, this
approach provides no ‘cognitive hooks’, which niight enable students to relate new
material (o that of previous courses - until the semester is almost compleie.” ®.
Accordingly Scragg recommends a top down approach starting with material
alreedy familiar to students and then werking towards less familiar medels, In
contrast to traditional units in comaputer architectureftechnology the unit CIM does
not include digital techniques (combinatorial and sequential iogic), details of
processor architecture al register level or assembly language programming.

Physics

CIM and NIM attract students from a wide range of disciplines. The students differ
greatly in respect to both their physics and technology backerounds *. Yet these
units make nse of many basic physics concepts particularly those concerned with
basic electrical theory in its lectures, workshops and assignments. Due 10 the
general nature of these unils it was not considered possible or desirable to require
that a basic level of physics be a unil prerequisite or to have had previous exposure
the basic physics ideas incorporating the basics of electricity and magnetism, It was
intended to keep the units as open &s possible and it was initially assumed that
nearly all vniversity studemts would have had some exposure to basic physics
concepts during their secondary education,

Both the CIM and the NIM curricula were analysed according to the expected
knowledge of physics. Physics is not taught as a distinct topic within the CIM and
NIM units but occurs in the context of understanding computer hardware operation
and Health & Safety. The following distinet conceptual groupings were identified:.

Yoltage, Current, Resistance and Power

It is assumned that students understand the basic principles of a simple electrical
gircuit i.e, insulators, conductors and electrical continuity as well as voltage,
current, resistance and power with the associated units, It is expected that sudents
must, at some point, have used a multi-meter. From practical engineenng
perspective students must be able to measure voltage and be awars of the
consequences of poor electrical contiections, apen and short circuits and the heating
effect of an electrical cument, A basic understanding of AC, DC, and transformer
action is needed as & basis for understanding power supplies, non-intermptibie
power supplies, and power conditioning. Some understanding of the dangers of
Extremely High Tension (EHT) devices is essential.

Magnetism

It is the expectation that students have some understanding of magpnetic fields and
their ability to deflect electron beams. One complete lecture and essociated
workshop is concerned with the Visual Display Units (VDU). The principles of
magnetization and de-magnetization and factors influencing such processes are
fundamental te the understanding of the operation of hard disc drive read/write
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mechanisms. The deflection of an electron beam under the influence of a magnetic
filed is important in understanding monitor operation.

Electrostatics

An understanding of the principles of electrostatic charge is needed in order to
explain the {mpertance of the devices to protect integrated circuits from
electrostatic discharge, Furthermore such principles required for an understanding
of the operation of smoothing capacitors used in power supply units. Capacitor
action is alse important in dynamic memory data storage,

Light Emission

Understanding of the VDU requires an appreciation by students that some maferials
emit light when hit by high-speed electrons and the fact that certain substances can
be combined emit different colowrs. The concept of persistence of vision Is
important in relation to these emissions as well as to monitor scan rates The
characteristics and use of solid state lasers are also important,

Throughput Calculations

Conversions from periodic time to frequency and bits per second is important in
calculating maximum throvghput., Additionally the NIM unit also includes the
transmission media characteristics relating to fiber optical cable, coaxial cabling
and twisted pair cabling. An appreciation of electremagaelic radiation and sources
of electrical interference is also comsidered as well as throughput calculations
applied to computer networks.

Safety & Health Aspects

One of the most important reasons for encouraging an understanding of hasic
physics is to emable a better eppreciation of potentially hazardous situations,
Students must understand what they must and must not do, An appreciation of the
effect of electrical current on the body is required as this could result in severe
muscular contractions making It impossible for a person to release their grip of a
‘live’ or ‘active’ mains potential conductor, In Australia the electrical mains
voltage is 240V,

The importance of the concept ‘Electrical Eanh' or ‘Ground’ underpins the
appreciation of the need for Residual Current Detectors (Earth Leakage Detectors)
is an essential feature of the workshops because not only are the PCs disassembled
but some cxperiments require that the main computer system box be open for
testing when the systerm is running. It should be noted that even though two earth,
or ground, Jeakage detection circuits were installed (10 and 26 mA) in the
workshop such circuits may afford no protection to the individual when a FC is
mistreated or precariously malfunctions. Throughout the workshops the PC was
treated as a potentially dangerous device. In the final analysis no one can ensure
that an open PC is not in a dangerous condition and the potential for fatal accidents
by electrocution cannot be discounted. High tension devices, the VDU and power
supply, are never opened.
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Other less obvious potential hazards exist such as a short circuit causing PVC
covering on wires to become very hot, A student could grab this wire, in a belated
attempt to avoid damage to the PC, and the hot PYC could stick to their hand and
resulting in burns and scering. Safety considerations based upon basic physics
principles are not only restricted to potential hazards of an electrical nature. The
danger of implosion of menitor display vacuum tubes are also a safety concem.

Physics Education

A questionnaire developed at ECU and given to CIM students in 1998 to determine
their physics background and test their understanding of simple elecirical circuits.
The physics of simple dircct current circuits is nommally covered in lower
secondary school science and it has therefore been assumed by the staff involved
that students enrolled in the CIM unit possessed this knowledge, Unforiunatety,
research sugpests that students often have difficulties with these basic concepts, and

some misconceptions are widespread % %1011

The questionnaire was based around a simple electric circuit consisting of a light
bulb {or light globe) connected through two wires to a battery, with the addition of
a second light bulb for questions dealing with series and parallel circuits, In
particular, & guestion that was used for surveying tonceptions of current flow held
by New Zealand students (aged 10 1o 18) was included for comparison purpeses ™.
No question required knowledge above that which is normally covered in [ower
secondary school scienge.

For a simple circuit with onc light bulb students were asked about current flow in
the connecting wires, A significant minority of students (32%) did not think that the
current was the same in each wire. Most of these students believed that the zurrent
leaving the globe (through one wire) must be less than the current entering the
Flc'he (through the othe: wire), 2 common belief keld by secondary school children

I, Most students could not apply Ohm's law to the above circuit, Given the batiery
voltage and the resistance of the light bulb, or globe, only 43% could calculate the
cument flowing threugh the bulb, and just 28% could caleulate the power of the
bulb.

Althcugh a small majority answered the questions on paralle]l circuits correctly,
students demonstrated litile understanding of current, voltage and energy in
questions referring to series circuits. When a second light bulb is placed in series
with the first, about half of all students belicved that the brightness of the first bulb
would not change and (separately} that the current flowing through this iight bulb
would also remain unchanged. Less than a third of CIM siudents could draw a
diagram showing how to measure the voitage and current for this first light bulb.

An analysis of the results showed a bi-modal distribution with an overal} average
mark of 43%. Students undertaking the CIM unit had a wide range of backgrounds
in physics, fanging from an honours degree in theoretical physies, a degree in
electronics or university entrance level physics, to absolutely no background in
physics. A small majority of students had no physies above lower secondary school
science. The practical backgrounds of these students ranged from no practical
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experience with computer hardware or electrical repair and genersl installation, to
many ysats as a practicing clectrician or as an electronics engineer. Wiih very few
exceptions, students with upper secondary school or tertiary qualifications with
physics attained a mark in excess of 60%, and those with just lower secondary
school seience attained a matk of less than 40%.

Only 15% of students were able to answer all questions on simple electric circuits
correctly. Most students had basic misconceptions of electricity theory that would
at best inhibit, and at worst preclude them from leamning the CIM content that relies
upon such knowledge. Almost half of the students indicated that they would be
interested in doing a short cowrse in physics to help with this computing uniz,
However, the results of this guestionnaire indicated that most students on the CIM
unit would benefit from a better understanding of physics.

A second questionnaire was designed with the specific intention of being able to
distingnish basic problems with mathematics from basic problems with physics.
The questionnaire also revealed that some students had difficulty in the basic
mathematical operation needed to convert frequencies or bandwidths to periodic
times and in the application of other formulee. Furthermore students in the lower
result hump of the bi-modal distribution found difficulty with trensformation of
formulae and also difficulties with scientific notation and conversion between Sl
magnitudes.

Addressing the Need for Physics Education

One approach could be 1o provide a separate, optional, short course on physics for
students who require it. The advantages would be that all the studenis would have
a compatable knowledge of the necessary principles of physics allowing the tnit te
bmild upon this material. However this would incur an extra unit lead for students.
Given the developments in multi-media technology it students may be possible to
produce audic-visual materizls 25 part of a distance learning package for to use in
the university library or at home. Certainly this would allow students to study in
fheir own time and at their own convenience, However one of the problems often
associated with distance leaming material is lack of immediate feedback, However
many efforts have been made In physics teaching in this respect. One such system
has been described by %, In this study learners solved physics problems by werking
at a distance via a computer network and an audio link via pre and post test
analysis, The necessary physics material could be part of the standard lectures
though this could detract from the main aim of the course and may also be
inappropriate for students with knowledge of physics.

Altemnatively it may be possible to introduce and reinforce basic physics concepls
as part of the allacated workshop time. The CIM workshops could provide &
labotatary space where students can gain hands-on practical physics experience of
relevant physics concepts and a real life context in which to leam. Approaches
which make use of real life contexis are increasingly being included int secondary
school physies curricula as these are seen to meke ph{sics more interesting,
relevant, accessible and useful to a wider range of students *,
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Depending upon the topic, physics concepts might be taught and spplied to the
CIM context, or the CIM context conld be used to draw out the physics concapts to
be studied. In both scenatics, the laboratory environment of the workshop would
allow for a wide variety of practical activities to facilitate or support learning. In
keeping with the basic philosophy of the CIM unit this would provide physics
education on an ‘as needed’ and ‘demand driven® basis. Furthermore, a workshop
environment would allow for students 1o undertake practical physics experiments,
Unfortunately, it is not possikle to find sofficient time in the workshop pregram to
undertake substaniial physics experiments. There is also the additional problem that
much of the equipment required is not readily available in a computing department,
Howaver, we have incorporated some small physics related demonstraticns in order
to make some inrpads into the problem. For example, students are shown how to
measure voltages with a multi-meter, and given a concrete experience of how
magnetic forces affect moving charges by placing a magnet near & VDU,

Discussion and Conclusions

Both the CIM unit, and to & lesser extent the NIM unit, have been run on the
iraplicate assumption that nearly all of the students involved woul ' have had a good
knowledpe of basic physics principles. Unfortunately, especially with regard to
electricity and magnetism, this assumption has been found to be incorrect. A small
minority of our students have no physics experience past peneral science in lower
secondary school., Even some students wilh upper school physics or equivalent
demonstrated an insufficient understanding of basic electric circuits. Based on our
experiences in the workshops, it is clear that most students have an insufficient
understanding of basic physics, particularly in the areas of electricity and
magnetism, to gain the high level of understanding of the CIM unit’s content that
we desire. : .

At present we are addressing, some of the physics needs of CIM students through
short demonstrations in their workshops. Due to time constraints, it is nol possible
to include teaching the underlying physics principles unless the extra time
requirement is very small, We are presently looking at novel ways to incorporate
the teaching of basic physics principles within the contexi of computer installation
&nd maintenance units.

With the growth of demand from employers for computer graduates with first line
computer and network maintenance and installation skills, reinforced in this
demand by those students themselves, we expect that units like CIM and NIM
which require some physics knowledge will become more cammon within
university computing degrees, Therefore il will become increasingly necessary to
gain more information about what basic understanding of physics such computing
student’s lack, and how it might best be taught. It is worthy of note that the vnits
CIM and NIM were based upon job advertisements and employer expectations.
They were intended to provide students with the skills and knowledge meet these
requirements. Nevertheless basic physics understanding, particulatly in the area of
electricily and magnetism, was still found ta be an important requirement.
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Two surveys based upon & single unit certainly do not in themselves constitute
conclusive evidence. However, a lack of fundamental basic physics understanding
can leave students at a disadvantage and deserves further investigation to determine
the extent of this problem. We certainly would welcome any suggestions on how
we might better incorporate basic physics into our CIM and NIM units within the
indicated time constraints.
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3.23.3 The Use of an Oscilloscope as an Educative Tool on a Network
InstaHation & Maintenance Unit

This paper (Veal, Maj, & Swan, 2001} was presented at the
Experimentation and Laboratory Oriented Studies Division, American Society for
Engineering Education (ASEE) 2001 Annual Conference, held in Albuguerque,
New Mexico, USA. The ASEE is one of the leading engineering education bedies
within the USA. Its ennual conference is itz leading venue for publication and

presentation.

This paper discusses the critical importance of a good knowledge of
networking for many types of computer work. It further notes student demand for
knowledge of networking to improve job prospects. The NIM unit is described.
However, this unit has no prerequisites and is a full credit vnit that attracts students
from 2 wide range of backgrounds many of whom may have had little previous
education in technology or physics. Hence many NIM students have experienced
difficulties in conceplualising effects such as signal degradation along media, or
even what a wave shape or wave train represents when drawn on a hoard or
displayed upon a Cathode Ray Oscilloscope (CRO) screen, The CRO was alsa vsed
to measure voltages. Measurements of time periods were also subsequently used in
frequency and bandwidth caleulations. These investigations were undertaken as
part of a normal NIM workshop, and effects such as signal atienuation, crosstalk,

phase shifting, and pulse spreading were observed via CRO.

New knowledge includes the results of a survey gained after introducing
students, many of whom were from non technical backgrounds, to the concepts of
signal degradation via use of a simple CRO and signal generator, and by nsing
other inexpensive equipment. These students were also introduced to CRO
concepts such as time-base signal attenuation, crosstalk, phase shifting, and pulse
spreading. A survey guaranteeing anonymity of panicipating students found that
these students unanimonsly believed that the CRO should be included as a part of
the NIM unit, and that most students thaught tha* their understanding of the lecture
material had improved as a result of the CRO exercises.
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Ahstract

Network Installation and Maintenance (NIM) is a first year single semester unit in
the School of Computing at ECU. This unit consists of a two-hour lecture and two-
hour hands-on workshop. The creation of the NIM unit was based upon a survey of
the needs of employers in the field of network installation and maintenance and its
workshops consist of extensive hands-on exercises necessary to provide students
with the initial practical background skills and understanding required. The NIM
unit has no prerequisites and is a full credit unit that attracts students from a wide
range of backgrounds many of whom may have had little previous education in
technology or physics. Hence many NIM students have experienced difficulties in
conceptuslising effects such as signal degradation along media or even what 2 wave
shape or wave train represents when drawn on a board or displayed upon a cathode
ray oscilloscope (CRO) screen. The CRO was also used to measure voMagcs.
Measurements of time perieds were also subsequently used in frequeicy =ad
bandwidth caleulmions, These investigations were undertaken as part of a normal
NIM warkshop and effects such as signal attenuation, crossover, phase shifting, and
pulse spreading, were observed via CRO.

Introduction

The single semester, level 1 unit, Network Installation and Maintenance (WIM} is a
hands-on unit that is based on employer expectations in the field of Computer and
Network support. NIM's companion unit is Computer Installation & Maintenance
{CIM) which was designed to fulfil the basic hands-on requirements where students
need to make changes to the insides of PCs to upgrade machines or to replace
suspected faulty machines. Prior to its implementation investigations had revealed
that nearly all of the final year computing science students surveyed had failed to
fulfil the employer-based requitements. ?, Nelson and Morales have noted that:

“It is becoming evident that a good knowledge of networking is critical for success
in many kinds of computer-based work. Understanding enough to be able to
troubleshoot network problems could become a significant bargaining chip in the
Job market in the 21" century” ",

Whilst Molina I notes that:
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“... we polled our junior and serior computer science studenrs to see what they felt
would help them most in a networking course. Students indicated that they desired
to obtain an applicable imowledge of networking that would lead to immediate
employment opportunities after graduation 6

NIM assumes the knowledge and experience of CIM however due to safety
prerequisites internal change to the PC system are not undertaken on this unit as
NIM students may not have attended the relevant CIM safety practical.

The economic and other problems assoclatsd with the delivery of a hands-on unit
such as NIM is described by Veal et al '° . Maj has noted the importance of hands-
on experiences in such units >, The NIM wnit covers the installation of bath clients
and servers. During the NIM workshops students install their own server and client
and link them together. Students assign right to users as the network administrator
and then log on as various users to test their system. Shull and Vescovi have noted
that: “Unfike most physical sciences where laboratory instruction is accepted as
integral to the student’s edvcation, data communications and nerworking are gften
taught without the practically of the laboratory section"”

Each worksiatian consists of a client and & server although students can comnect to
two servers in the labs and also to the outside world via the Intemet connection,
when this is enabled by NIM staff. Each two-hour theory lecture is accompanicd by
an associated two-hour hands-on workshep where some of the ideas presented in
the lecture can be put into practice,

Many NIM students had problems with bandwidth and throughput calculations
typically leading to results in Megabits or Megabytes per second. The lectures also
include information about network media such as twisted pair coaxial and optical
fiber cabling, It was noticed by staff on the NIM unit that some students did not
appear to have an appreciation of representations of the waveforms and of signals
described in the literature and unit material. Students drawing signal sloping
backwards confirmed such suspicions as this indicated that part of the signal was
undergoing a time reversal. When questioned further on this matter it transpired
that it was not due to poor artistic skills on the part of the student but rather a tack
of understanding of the represenraﬁon. Methods were sought to give students an
understanding of the meaning of waveform representation. $imulation was
considered as a possible c:mdldate to fulfil this role. Simulation has been used for
computer network education " °. However, Engel ef al have noted that although the
simulation approach can be valuable it dces not provide students with some
important hands-on skills and experiences %, In keeping with the hands-on practical
nature of this unit it was decided to use a Cathode Ray Oscilloscope (CRO) to
demonstrate signal degradation after traversing network cabling.

The Use of the Oscilloscope

It was decided to make the initial introduction as simple as possible. The students
were first given a demonstration of the use of the oscillescope to measure simple
low voltage torch light cells, With the scan set to a low frequency so that the
students could abserve the trace slowly traversing the CRO scrsen connection of
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the CRO probes to the cell were made on broken. This showed the students that the
CRO could be used to measure a valtage that varied over time. Using a signal
generater set on square wave low frequency output extended this theme. Similarly
sine and triangular waveforms st differcnt frequencies and voltages were also
demonstrated. The students then performed these measurements is small groups of
three or four per group using a worksheet. The students were encouraged to read
the same voltage using different Volis/Division settings so that the shape of the
waveform was not seen as an absolute but depended on these settings. The students
also made further changes in the Time/Division settings. They were informed that it
may be more convenient to view a single wave or a wave train or to obtain a more
accurate reading and that was why different settings were used. The students, to
cnable easier and more accurate readings, adjusted the horizontal and vertical shift
controls. When this had been completed and the students had had some exposure to
the CRO and signal generator neccssary to investigate signal degradation in
network cabling,

The Experiment with Unshielded Twisted Pair (UTF) Cabling

The use of the CRO te investigate waveforms travelling along computer netwerk
category 5 UTP cabling was used. This consisted of using 400 meters of cable
would on a drum. There were 4 sets of twisted pairs per cable. A total of 4 stations
were provided, each with & CRO and signe! generator. Each set of students had a
signal generator and a dval beam CRO. One beam of the CRO was used to observe
the input signal to the cabling and the other beam was used to detect the cutput
signal after it had travelled through the cabling. Each input or cutput sat of twisted
pairs had a 56 ohm resistor across them too help to reduced impedance matching
problems. Two sets of twisted pairs were used one to carry the signal to the other
end of the cable where it was joined to another twisted pair to carry the signal back
down the cable drum so the sipnals travelled a total of 800 meters. Nommally the
recommended length used is a maximum of about 100 meters. It was found
necessary to use such a larpe length of cabling because the signal generators gave a
maximum signal of 1 MHz. This meant {hat to observe the signal attenuation and
distortion it needed a much greater length then 100 meters. Two workstations used
each reel of cable that decreased the number of comnponents used for this exercise.
The use of reels rather than long lenpths of cable meant that there was no need to
have cable draped arcund the room, which could have presented a safety hazard if
they were, near to the floor or crossed walkways in the waorkshop. The use of two
stations for one ree! of cabling also allowed the students to observe the effects of
cross-talk, One signal generator was set to a square wave output and another to 2
sine wave output at 10x its frequency. The resuling square wave output of the first
signal could be clearly seen to have a sine wave of 10x its frequency superimposed.
This was also atternpted at a range of frequencies. The effects of pulse spreading
and phase shifting of pulses were also observed and students were encouraged to
try a range of different frequencies and to nete the resulis.

Students needed a lot of initial help to find the traces on the CRO sereen during the

workshop. There were also some problems with connections many of these could
have been avoided using soldered joints. The students were given a wiring diagram
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and instructions to set up the required circuits and this also caused further problems
even though the terminaticn resistors were pre-fixed in the cireuit

Questions from the Students

Some students asked questions such as; Will mobile phones cause interference in
the cabling? They were then encouraged to tum en their maobile telephones and find
out the answer, This did in fact lead to a marked change in the signal output
observed on the CRO, This also led on to 2 discussion about coaxial cabling and
shiclding.

Other students asked why we used the terminating resistors? They were encouraged
to get answers by adding or removing such effects from the equipment use and to
nole the results. They disconnre he resistors and observing the effects of the
reflected signals. This ledonto & - - 1ssion of the methed of finding where a break
has occurring in a cable by noting the traversal {ime of the signa) to the break and
its reflection back 1o the signal source. Why do we use twisted pair wiring? Apain
lengths of the twisted pair cabling was untwisted and the distorting effects on the
signal observed

Yet another question was does the unroliing of the cable from the reel effect the
signal transmission? These students were helped 1o unroll the cable and spread it
around the room for a shert time taking care to evoid walkways, The signal showed
no major changes when about 100 meters were spread around the laboratory.

The Survey

A total of 21 students handed in the survey which in the form of a questionnaire.
The students were asked to pul down what they theught and not what they might
think stafl would wish to hear. No names were to be included on returned sheets
and they were to be left in a part of the laboratory not under the direct observation
of staff,

The survey included guestions on the level of their previous education in physics.
Ome of the survey questioned asked if they could use the CRO to note abserve the
signal and mast of the students who had studied physics up to University Entrance
level that is TEE in Western Australia and A-level in the UK said that they had
been able 10 do this. In fact most students had been able to achieve this but a
comparison of the difficulties that students reported were less with those with a
higher physics background, where prior experience with the oscilloscope would
have been more common.

The questionnaire also asked if their understanding of the associated material in the
tectures had improved. Again most stated that it had improved. Another stated that
they now had more clarity when considering clock cyeles and waveform shapes.
When asked what they thought were the most beneficial aspects of the CRO
exercise to them. One answered that they were lost and stated: “Frankly  don't
know what the workshop is ail about” and that there were “cables runniny about
everywhere”, Whilst ancther thought that it gave them an “understanding how
signals distort in cabling”, or even that the experience of the use of the CRO was
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the mast useful part. Whilst others thought that their increased understanding of the
waveform shapes and the frequency calculations were the more usefut parts of the
exercise,

The students were also asked whether they theught that the CRO should be
included in future workshops. The result was almost unanimously that it should be
included. A student who had work for a telecommunications company for nearly 14
years much of it spend using the CRO and associated equipment answered, not
unsurprisingly, that the exercise had not improved his understanding of how signals
are distorted in cabling or of the use of the CRO. However, he though that the
exercises were useful for siudents. He suggested that CROs should be used to
investigate actual signals along the UTP cabling in the laboratory, as this would be
an interesting cxercise. It would alse be more in keeping with the real world nature
of the NIM unit. This student alse sugpested tracing the signals through the
network cards in a PC. Although such conditions wouid have led to more
complication, it is a lempting idea. Another student suggested that more time was
required, and a single workshop was neither long enough to adequately understand
the concepts presented nor to master the CRO operation.

Another student noted that they would have liked more explanation for the use of
the terminating resistors. Onec explanation given was that they absorbed energy
from the incoming wave to avoid too much reflection of the signal. A wave analogy
with water waves could be attempted in future, with wave refection caused by an
obstacle, eg an impedance mismateh, whilst non-reflection conld be regraded as o
situation with no obstacle ¢g just the water e.g. no impedance mismatch. The output
voltage of the rezl of cable was tesied by the first author for the full range of the
signal generator input voltages and frequencies. This was to aveid the danger of 2
high voltage being caused due to the coiled cable in the reel.

Bandwidth calcnlations have been used teo assist throughput estimation % 'This gives
results in kilobytes/second and megabits/second and megabytes/second using the
faci that a square wave signal can be considered either in terms of bits/second or
Hz. The initizl conversion of time period to frequency conversions using SI
magnitudes and scientific notation were also practiced and then the conversions to
bandwidth undedaken by the students.

Conclusions

Not surprisingly the two hour workshop was somewhat rushed. A better scenzrio
may have been to inroduce the CRO and signal generator during one laboratory
period and ther to build upon this foundation in the subsequent session. Many
questions and ideas for future consideration resulted froms this relatively short
€Xercise.

Both CROs and square v we generators capable of working at higher frequencies
were required to more achieve greater realism when compared to an actual network.
Furthermore, a range of cabling including untwisted pairs and coaxial would have
gllowed comparisons between the different types of transmission media to have
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take place. However, at least a start has been made and further work is planned for
the future.

Cross-subject cooperation between staff concerned with physics and computing
science teaching hes enabled use of equipment and ideas to span both subjects
allowing for the developmient of a workshep that would have not been possible with
the equipment normally used on the NIM unit. The cost of the material used was
minimal. Even the reels of UTP cabling could be reused as it was not cut into
pieces only the ends were used to attech to connection blocks and terminal posts.
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3.2.34 Measurement and Observation inside a PC

This paper (Swan, Veal, & Maj, 2002) was published in the journal the
World Transactions on Engireering and Technology Education UICEE, Vol 1
No.1, in Melboune, Victoria, Australia. This jeurnal is published by the United
Natiens Internationzl Conference on Engineering Education. The UNESCO
International Centre for Engineering Education (UICEE) is based in the Facuity of
Engineering at Monash University, Melbourne, Australia. The mission of the
UICEE is to facilitate the transfer of information, expertise and research on

engineering education.

The paper includes a description of the development of the CIM unit at
ECU in response to employers’ expectations of computer science graduates, and the
need for students to develop skills in this area, Previous studies by the authors had
demonstrated that some of the CIM students typically lacked sufficient
understanding in physics and mathematics to filly support their lzaming in this
unit. Some students lacked appreciation of representations of the waveforms and of
signals described in the literature and unit material, Students drawing signals
sloping backwards confirmed such suspicions as this indicated that part of the
signal was undergoing s time reversal, Further enquires by staff found that this was
not due to poor artistic skills bui indicative of a misunderstanding of the
representation used. The authors® trialled a range of practical workshop activities
designed to improve their physics and maths skiils within a CIM context. These
activities ranged from simple readings of disk power plug and JSA bus DC
voltages, to measuring the time period of ISA bus clock pulses and using this result
to calculate frequency and bandwidth. Observations and measurements of the
monitor synchronisation pulses also led to calculations of frequency and bandwidth.
This approach is in line with the general philosophy of the CIM unit whers both
practical and theoretical exercises to help promote mutual reinforcement. Students
are required to use a Cathode Ray Oscilloscope (CRO) to make these observations
and measurements. Although almost all students had never used a CRO, they were
able to obtain meaningful results after some brief orientation tasks, This work is an
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exzmple of cross subject cooperation between physics and computing science staff
at ECU.

Additional new knowledge includes the results of studenis measuring a PCs
local bus volleges and frequencies, as well as caleulating the bandwidth of the data
carrying capacity of the bus, The students also measured the synchronisation pulses
for the vertical and horizontal sweep frequencies on the PC’s VGA output, These
readings were undertaken by students on a C8 unit, many of the students came from
a non-technical educational hackground. Student opinions with regard fo the
usefiulness of these exercises were found viz an enonymous survey given in the
workshop after these exercises had been completed. There was an overwhelming
positive response to their experience with the CRO and its use in the CIM
leboratory. Most students thought that the CRO improved their understanding of
how CRT computer monitors work,
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Abstract

Ar Edith Cowan University, a Computer Installation and Maintenance unit (CIM)
was developed in response fo employers’ expectations of compuier science
graduates, and students’ need to develop skills in this area. Previous studies have
shown that these students typically lack sufficient physics and maths to properly
support their learning in CIM. We began trailing various practical workshop
activities desiged to improve their physics and maths skills within a CiM context,
These activities range from simple measurements of power plug DC vollages, to
observing and measuring the period of clock pulses on an IS4 bus, and then
calculating the frequency and bandwidth, Observations and measurements of the
monitor synchronisation pulses also led to calewlations. This approach is in line
with the general philasophy of the CIM unit where both practival and theoretical
exercises fo help promote mutual reinforcement. Students are reguired to use o
Cathode Ray Oscilloscope (CRO) to make these observations and measurements.
Althouga almost all students had never used a CRQ, they were able to obtain
meaningful results afier some brief orientation tasks

Introduction

The last decade has seen a rapidly increasing demand for trained computer
professionals with the widespread adoption of PC's by business and community
organizations. However some of the skills required by employers are not provided
by university computing degrees [9]. In particular, many employers demand
practical skills in installing software and hardware as well as fault finding and
maintenance of PC’s.

A single semester Computer Instailation and Maintenance unit (CIM) was
developed at ECU to mect this demand (7). It is regularly oversubscribed and
enjoys high student approval ratings. The unit has no prerequisites (apart from
normal university entry) and adopts a practical top down and problem orientated
approach where the PC is considered as a collsction of inter-related medules. Each
module is locked at in detail appropriate to a first year unit and first line
maintenance objectives, “First Jine maintenance” may be taken to mean on-site, in-
situ problem identification and correction — the fanlty module is identified and
replaced, CIM consists of one two-hour lecture and one two-hour "hands on™
workshop each week,

The workshaps require students to take the cover off a PC to install and test 2 range
of components (eg a CD-ROM drive). Int particular they provide a suppostive
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environment where students can gain practical skills, experience, knowledge and
confidence.

The resulis of surveys undertaken by staff on the CIM unit indicate that CIM
students perceive the workshops as 2 very important part of this unit. The most
recent such anotiymous survey discovered that 51 students found the workshops
very useful, 45 found them to be vseful, 4 were neutral, whilst 1 noted that they
were not useful and none found the -vorkshops useless. Moreover most students
wanted more practical and also thought that the practicals helped them to
understand the theory aspects of the unit,

Physics Concepts

Physles conceprs underpin o range of topics covered in CIM lectures and
workshops including occupational health and safety. Following concerns that many
CIM students were not demonstrating a rudimentary knowledge of school physics,
a questionnaire was adminisiered to ascertain their background in physics and test
their understanding of simple electric cirenits. 4 slim majority of students indicated
that they kad no physics above lower secondary school science. Although the
questionnaire tested concepts and skills normally taugiit at this level, most students
{including sonte with upper secondary school physics) recorded a poor result {13].
Unfortunately, this was in keeping with research that suggests that students often
have difficulties with these basic concepts and seme misconceptions are
widespread {1,2,4,6,11].

In keeping with this, it was noticed by staff on the CIM unit that some students did
not appear to have an appreciation of representations of the waveforms and of
sipnals described in the literature and unit material. For example, students drawing
signals sloping backwards confirmed such suspicions as this indicated that part of
the sipnal was undergoing a time reversal. When questioned further on this matter it
transpired that {t was not duoe to poor aristic skills on the part of the students but
rather a misunderstanding of the representation being used. Methods were scught to
give students an understanding of the meaning of wavefonn representation, Hence
there was a need to address the physics needs of CIM students within the CIM unit.
The development of teaching strategies and materials is an ongoing collaborative
praject between physics and computer science staff at ECU.

Power Supply and ISA Bus Measurements

The ISA bus in common with many computer buses carrdies a combination of data,
contrel, and power supply lines {3]. The escilloscope was used by students to
investigate the waveform of the DC supplies provided, hopefully a straight flat line,
and to note the different voltages +5V, +12V, OV, -5V and —12V. The students
could also observe that these are the same as those provided by the PCs internal
power supply plugs for the floppy and hard disk drive clectrical power
requirements

Many students had problems in converting between time periods and frequencies or
imagining how such information might be used. Calculations involving frequency

200



and time petiods were vsed in bandwidth caleulations undertaken by students to
indicate performance bottlenecks due to computer hardware limitations.

The following example illustrates the type of calculations that students are required
to undertake, It should be noted that the concept of bandwidih used here is bits or
bytes per second and not Hertz or Mega Henz from Telecommunications theory.
Bandwidth can be regarded as given by the following formula: Bandwidth = Cleck
x Data Path Width x Efficiency. “The early Intel 8653/86 required a memory cycle
time of 4 clocks gycles (Efficiency = %) however, for the Intel 80x86 series,
including the Pentium, the Vv cyele time consists of only 2 clocks (Efficiency
= 4} for external DRAM™ [12]. A 100MMz Pentium, with a data path of 8 bytes
has a therefore bandwidth of 400Mbytes/s [B].

Tt was decided to allow students to observe the waveforms of the ISA bus clock line
vsing the oscilloscope, The clock line was chosen becanse it would trigger the
oscilloscope with an almost constant frequency to give a visible constant trace on
the screen. The oscilloseopes could measure frequencies up to 20MHz and the ISA
Bus clock bus frequency is 8.33 MHz [5]. Hence this frequency was within the
capabilities of the 20MHz oscilloscopes used for measuring the frequency although
not for accurately determining waveform shape. A rule of thumb measure indicates
that at least 10x the frequency limit for sine waves is required for accurate square
wave observation. The lack of suitable square wave gencrators of appropriate
frequency further limited our testing of the ability of our CROs to accurately
display 8MHz square waves in this respect,

Old decommissioned machines were utilised to avoid damage to our more modern
PCs. This ensured that even if the oscilloscope probes shorted circuited any power
carrying pins then it would not matter even if these machines were destroyed. The
only spare PCs fulfilling these criteria were not of the same type. However, nearly
all PCs possess an ISA bus and this provided common platform from which to
obtain readings.

The use of the oscilloscope in this workshop was as a learning tool and not as part
of their future likely employment in the CIM field as this unit covers only first line
maintenance modular replacement is used. The use of such CROs to detect
component malfunctioning is therefore unnecessary. This workshop provided the
opportunity for students on a computing seience unit to observe for themselves that
what their text books and unit staff had informed them was correct by noting
readings and making measurements, Such experiences are common in other science
subjects.

With respect to the I[SA bus Messmer notes that "The bus frequency is generated by
dividing the CPU clock, thus the ISA bus largely runs synchronous io the CPU"
[10]. As the ISA bus regularly resets its frequency students experienced problems
in obtaining a stable trace. However, with a little perseverance and minor
adjustments of the oscilloscope fine time base controls the resulting waveforms
could be viewed with not too much difficully.
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1t was important that staff are available to obtain 2 trace in case of difficulty, When
students first start to become familiar with the CRO it is possible for them to be
unable to find the trace and having & staff member on hand to show them how to
locate it can assist students to gain confidence.

Student Workshop Actlvities with the CRO

Activities using 2 CRO (Cathode Ray Oscilloscape} were incorporated into two
suceessive CIM workshops. About half an hour of each two-hour werkshop was
aliocated for each CRO session and students normally worked in groups af three, In
each CRO session, students were given a detailed work sheet to guide them through
the various activities. The demonstrater was on-hand to help students through these
activities.

During the first workshop students undenook activities to familiarise themselves
with the basic functions of &8 CRO. These were to measure beth DC and AC
voltages, and to measure the period and see the shape of various periodic signals. In
the first part students adjusted both the voltage and time sceles in measuring the
veltage of a household battery (1.5V DC).

In the second part, a frequency generator was used to produce various periodic
signals for students to see and measure both voltages and time periods. In
particular, students gained practice in calculating frequencies from the measured
time pericds, For many students this was a difficult task as it involved the use of
prefixes and scientific notation. This problem has been identified and is currently
being addressed. Students were also able to pick up and measure the period of noise
in the wire from the 50Hz AC mains electricity in the reom,

In a sccond workshop, students connected a fine voltage probe to the CRQ and
measured signals inside a computer where they measured some DC voltages. First
they identified the colour of wires coming out of the power supply, and then
measured the DC voltage of each corresponding power plug. Attention was then
turned to the ISA Bus and its DC voltages were then measured.

Students were asked to observe the ISA bus clock signal and measure the period,
caleulate the frequency and finally calculate the TSA tus bandwidth, The period of
the 1SA bus clock signal should be 0.12 ps giving a frequency of 8.33 MHz.
Measurements for the period between 0.1 ps and 0.2 ps were cormon slthough
many students did measnre the anticipated value 0f0.12 ps. Students then
calculated the bandwidth for the 16 Bit ISA Bus (using an efficiency of 0.25),
During the remainder of this warkshep students looked at both [SA as well as the
PCI bus architecture.

Evaluation of Workshop Activities

At the conclusion of the CRO activities, nearly all students completed an
anonymous questionnaire on their experiences, They were asked to agree (or
strongly agree) or disagree (or strongly disagree) with a number of statements, and
were then invited to make comments on any benefits and difficulties encountered
with the activities. Forly students completed the guestionnaire and they were
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overwhelmingly positive about their experiences with the CRO in the CIM
workshops, Over three quarters of noted that time spent using the CRO was
worthwhile; that the CRO activities should be incorporated in fumre CIM
workshops and that their understanding of period and frequency had improved.
Furthermore 90% of students agreed or strongly agreed that they were able to use a
CRO 1o measure voltages and periods inside a computer. This was in agreement
with onr observations of these students at work.

The CRO is an instrument that students’ do not have a hands-on encounter until
tertiary level physics and only 13% of students had any physics at tertiary level.
Indeed 42% of the students surveyed had no physics at school past compulsory
general science at year 10. Designing a set of activities that would enable students
from non-physics backprounds to be able to use a fairly complicated instrument in &
meaningfill way in a relatively short amount of time was a major challenge.

Responses to the open ended questions that asked for the most beneficial and most
difficult aspects of the activities covered a wide range of replies that probably
reflected the diversity of educational backgrounds involved. However, secing was
the most commen benefit followed by measuring with responses like “o see the
actual signals (instead of assuming them)”, “being abie to measure frequencies and
periods” end “being able io see the voltages of different pins™. The most commen
difficulties «xpurienced by the students were in reading or adjusting the CRO, the
mathematics involved, or ever in atlempting to keep "steady hands™ when taking
measurements using the CRO probes.

The results of the survey were consistent with our observations during the
warkshops, Students were challenged by these activities in many ways, but with the
assistance of their peers or the demeanstrator, they were able to work their way
through to the desired outcomes.

Consolidation antd Extension

Buoyed with the success of the CRO activitics these were consolidated into one
workshop session and extended to include a new activity on monitors in the
following semester, In this new set of activilies, students probed the monitor cutlet
socket of a PC to view signals from the vertical and then the horizontal
synchronisation pins in 2 VGA monitor socket. The pins were probed with partially
opened up paper clips of the required thickness (using Sellotape as insulation) and
altached to erocedile clips that fed the signal into the CRO.

The students measured the vertical and horizontal time periods, so they could
caleulaie the vertical and horizontal synchronization frequencies and then the
number of frames per second, and lines per frame (although the latier can be
obtained directly from the time perieds). The vertical synchronization frequency is
the number of frames per second, and the number of lines per frame (which
depends on the software display mode chosen) is given by dividing the horizontal
synchronization frequency by the vertical synchronization frequency. Students who
rapidly comnpleted the tasks were given the option to change the screen display
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resolution and observe the comesponding change in line and frame rates from a
second measurement of the vertical and horizental time periods.

At the conclusion of the workshop, nearly all students completed arr anonymous
questionnaire on their experiences, which included the relevant questions from the
previous semester for comparison, plus two questions on the new monitor activity.
The results for this semester were more positive than those previously obtained. In
particular, students were stronger in their beliefs that time spent using the CRO was
worthwhile and should be incomorated into future CIM workshops, After
completing the monitor activity, over threc quarters of the students apgreed or
strongly agreed that their understanding of how monitors produce pictures had
improved.

Conclusions

Students require some knowledge of physics to be competent in installation and
maintenance of computers Cooperation between computer science staff involved in
the CIM unit and physics staff has enabled students in CIM access to class sets of
expensive cquipment, Collaboration between these staff has allowed for the
development of strategies to address students' physics needs in the context of CIM.
The use of the CRO to measure voltages and time periods on an ISA bus is an
example of how such collaboration can improve the experiences of students.

Tt should be noted that this collaboration has worked in both directions and physics
students have also underteken = similar tasks in the CIM workshop to help improve
their skills and appreciation of the practical importance of basic physics
understanding to modern technological devices such as the PC. These tasks were
modified to take into account the physics students’ greater kmowledge and
experience of the CRO and probable lesser experience of the internal workings of a
typical PC

Although taking measurements and making observations is common for students in
science units, this not often the case in computer science units. Bowever, it must be
stressed that the CRO is used in the CIM unit primarily as & teaching aid and is not
intended for diagnostic use. CIM students found the CRO activities worthwhile and
were able to use the CRO to measure voltages and time periods.

For work on higher frequency buses such as the PCI bus and to effectively observe
square waves on the ISA bus higher frequency CROs will be required to cnable
extension this work to be extended to higher frequency buses and to provide
reliable images of waveforms under investigation.
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3.24 B-Nodes

3.2.4.1 Is Computer Technology Taught Upside Down?

This paper (Maj & Veal, 2000a) was presented st the American Society for
Engineeting Education {ASEE), Computers in Education Division 2000 Annual
Conference, held in St Louis, Missourl, USA. The ASEE is one of the peak
engineering education bodies within the USA. Tts annual conference is its leading
venue for publication and presentation. This paper considers the 1991 ACM/IEEE-
C8 Joint Curriculum Task Ferce set benchmarks for award accreditation and
provides the foundations of computer science curriculum, which identifies and
recognizes the ‘need for diversity and well-intentioned experimentation in
computing curricula’. Computer Science is a relatively new discipline and given the
rapid advances in technology is subject to on going debate, development and
fragmentation, It is typically the requirement of many disciplines, such as multi-
maedia, software engineering, e-commerce etc to incorperate computer technology
as part of their curriculum, However, @ detailed market analysis within Australia
clearly indicated that both students and employers perceive the standard computer
technology curricuium as increasingly irrelevant. Alse included are results from an

international study,

New knowledge presented includes the B-Node model presented as part of
the move towards increasing levels abstraction in terms of computer hardware
education. The B-Node mode! is extended in terms of bandwidth sources and sinks,
There is also a consideration of the problems of only using situlation en the
computer and networking technology units such as CIM and NIM. B-Node
concepts are extended with suboptimal conditions enabling greater details of
technical complexity te be considered via this approach,

The B-Node model is evaluated as a possible pedagogical framework for
teaching engineering education in particular and its scope of application increased
by considering its application to microprocessors, DRAMS as well as buses and
chip sets.
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Abstract

There has been a continuing fregmentation of traditional computer science into
other disciplines such as Multimedia, ¢-commerce, software engineering etc. In this
context the standard computer technology curriculum designed for computer
science students iz in danger of becoming perceived as increasingly irrelevant —
both by students and employers. The authors review expectations of both students
and employers, as determined by market analysis, and present the resulis of
implementing one possible solution to providing an introductory compufer
technology curriculum svitable not only for students from other disciplines but also
as a basis for Computer Science majors.

Keywords: Computer Technology, Constructivism

Introduction

According to the 1991 ACM/AEEE-CS report, “The outcome expected for students
should drive the curriculum planning”. Within Western Australiz an exploratory
raarket audit was conducted of a wide range of companies. From this survey a set
of guidelines were developed for the 1ype of skills expected of computer science
graduates entering the field of computer and network support. Using the criteriz
developed a random selection of ten, final year Edith Cowan University (ECU)
computer science undergraduates were interviewed from a graduating population of
approximately one hundred. According to Maj, “&t was found that nene of these
students could perform first line maintenance on a Personal Computer (PC) to a
praofessional standard with due regard 10 safety, both to themselves and the
equipment”. [11]

Interviews canducted with five ECU graduates employed in computer and network
suppott clearly indicated that they were, to a large degree, self-taught in many of
the skills they needed to perform their job. Preliminary investigations indicated a
similar situation with computer science graduates from other universities within
Western Australia. According to Campus Leaders, “the predominant reason why
they (students) have gone to university was to get skiils, knowledge and a
gualification that would assist them in either gaining employment or enhancing
their praspects for promotion Gr a more rewarding job". [20]

The initiz] ECU student questionnairs, first used in 1993, was also conducted in
1999 at two universities within the UK. Both universities have well established
degres programs that are BCS accredited. The degree programs offer students the
opportunity to examine a PC in the first year however they never take a PC apart.
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Stwdents are taught netwerk modeling, design and menagement but they do not
physically construct netwerks. The resulis clearly demonstrate that students lacked
knowledge about PC technolagy and the basic skills need to operate on computer
and network equipment in a commereial environment. This is despite the fact that
most students thought such knowledge would be beneficial. The survey indicated
that any practicel knowledge siudents heve of hardware is largely a result of
experience outside the course. Furthermore, there is considerable potential demand
from students of other disciplines for instrugtion in computer technology.
According 1o a study of Multi-media students by Maj, “/t is significant that every
student interviewed expressed the view that It would be extremely beneficial to have
a much better kmowledge of computer and netwerk technology” (101, A demand
that traditicnal courses in computer technology may not be meeting.

Computer Technalogy entriculum

The problems associated with teaching computer technology are not new.
Mainstream computer science education is well supported by journal articles on
various aspects of re-programmable hardware for educational purposes [7] and
assembly language [6]. Simulation has proved to be a very useful taol [8], [18],
[3]. Reid [16] used laboratory workstations to allow undergraduats students to
“build a complete, functioning computer - in simulation”. Pilgrim [15] took an
alternative approach in which a very small computer was designed in class and
bread-boarded in the [aboratory by students using small and medium scale TTL
integrated circuits. Thereby, according to Pilgrim, providing students with the
“knowledge and experience in the design, testing and integration of hardware and
software for g small computer system”. According to Parker and Drexel [13]
simulation is a preferred approach but note that students often do not see the “big
picture’. The difficulty of providing a suitable pedagogical framewark is further
illustrated by Coe and Williams [5] who address this problem by means of
simulation, Bamett [1] suggests that standard computer architecture is too complex
for introductory courses. However, the PC is now a low cost consumer item due to
design and manufacturing changes. The result is PCs with a standard architecture
and modular construction. However, traditionally computer technology education is
typically based on digital techmiques, Operation on PCs at this level simply does
not exist any more. Vaiuable though simulation and breadboarding may be a typical
PC support environment demands other knowledge and skills that include;
upgrading PCs, safely, ability to recognize different sysiem architectures ete. This
problem is exacerbated net only by the constant and rapid changes in technology
but also the requirement to teach computer technology to students from a wide
range of discipline such as multimedia. The authors therefore attempted to find an
alternative approach to teaching introductory computer technology.

Constructivism

Prior to examining how to improve student learning we attempted to atiain a desper
understanding of how students learn and construct knowledge, Constructivism is
the dominant theory of leamning today. According to Ben-Ari, “it can provide a new
and powerful set of concepis fo guide our debates on CSE (Computer Science
Education)” [2]. According to this theory students have their own cognitive
structures each of which is the foundation of the learning process. A PC is
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understood very differently by Computer Science and Multimedia students. Failure
to recognize this results in fragile and incomplete leaming in which new knowledge
is merely a collection of facts to be memorized [19], We attempted therefore to find
a common conceptual framework held by students, from different disciplines, as the
basis for a cognitive structure,

The PC — A Consirnctivist Nodal Model

We suggest that it is a common experience to perceive the PC as a modular device
{CDROM, Zip Drive, Modem etc) used to store, view and process either local or
networked data. The traditional method of teaching computer technology (digital
techniques, assembly language ctc) is not a good constructivist approach.
According to Scragg {17] “most (perkaps all) first courses in computer hardware
are created ‘upside down’ - both pedagogically and pragmaticafly”. This hes (he
consequence that “Pedagogicaily, this approach provides no ‘cognitive hooks',
which might enable students to refate new material to that of previous courses -
until the semester is almost complete”. Accordingly Scragg recommends a top
down approach starting with material already familiar to students and then working
towards Jess familiar models, Clements suggests that a PC may be considered as a
loosely coupled Multiple Instruction, Multiple Data (MIMD?} device [4]. A PC is
therefore a compiex collection of heterogeneous devices interconnecied by a renge
of bus structures. However, from a user perspective, a PC is a low cost, storage
device capable of processing data. In this context we therefore define a PC as a
MIMD architecture of sub-units or nodes. Each node {microprocessor, hard disc
drive etc) can be treated as a data source/sink capable of, to varions degrees, data
storage, processing and transmission. This simple model may provide a suitable
conceptual map and hence the framework for an introduction to computer
technology. This model is conceplualty simple; controls detail by abstraction and
may allow students to easily make viable constructs of knowledge based on their
own experience. However, to be of significant value this model must also be a tool
that can actually be used by students. We therefore examined PC performance to
further develop this medel.

PC Performance - Bandwidth Nodes

Choosing a PC is now a comemon activity for many. Benchmarks ean be used to
evaluate PC performance that, in conjunction with factors such as price, is an aid to
selection. Benchmark programs relevant to a typical single user, multi-tasking
environment running a de facto standard suite of 32 bit applications include:
S8YSmark and Ziff-Davis PC Bencluark, Consumer magazines use Benchmark
suites to evaluate PC's and publish their results (4], As a relative guide
Benchmarks are an aid to selection, however, all of these results must be interpreted
and many questions still remain for vsers. Questions include:

= What difference in performance can a user expect if the bench mark value result
is higher by 1 or 2 units or by a factor of 10 or more? For example, what
difference in performance would a user expect between an [BM PC (Business
Disk WinMark 98 value of 939) and a Gateway PC (Business Disk Win Mark
98 value of 1,380)?
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s What difference in performance can & user expect from a Pentium 100 (iCOMP
90) and a Pentium 200 (iCOMP 142)7 Are the scales linear, logarithmic,
hyperbolic?

+ Asa user, how is the difference in performance manifested and perceived?

« How can different types of devices be compared, e.g. how can the performance
of a hard disc drive be compared to a microprogessor?

We conclude that the plsthora of benchmarks, thongh nseful, do not provide the
basis of a coherent conceptual model of a PC. Any measurement standard, to be of
practical value to PC users, must be relevant to human dimensions or perceptions
and use units based on the decimal scaling system. To a first approximation the
performance of PC nodes can be evaluated by bandwidth with units in Bytes/s.
Though useful it may not be the best initial, user oriented unit - a 1ypical user runs
32 bit windows based applications, The user is therefore interacting, via a
Graphical User Interface (GUI), with text and graphical images. For general
acceptance a Benchmark must be easy to understand and should therefore be based
on user perception of performance and as such be simple and use reasonably sized
units. We suggest that a useful unit of measurement is the display of a single, full
screen, full color image. For this paper we define a full screen image as 640x480
with 4 bytes per pixel, which represents 1.17Mbytes of data. The performance of a
PC and associated nodes can still be evaluated using the measurement of bandwidth
but with the units of standard images/s or frames/s. This unit of measurement may
be more meaningfil to a typical user because it relates directly to their perception
aof performatce, To a first approximation, smooth animation requires a minimum of
5 frames/s {3.85Mbytes/s}. Obviously sub multiples of this unit are possible such as
guarter screen images and reduced color palette such as 1 byte per pixel. We have
therefore a common unit of measurement, relevant to commeon human perception,
with decimal based units, that can be applied to different nodes and identify
performance botilenecks. Each nede {microprocessor, hard disc drive ete) can now
be treated as a quantifiable data source/sink (Frames or Mbytes) with an associated
transfer characteristic (Frames/s or Mbytes/s). This appmach allows the
performance of every node and data path to be assessed by a simple, common
measurement — bandwidth. Where Bandwidth = Clock Speed x Data Path Width
with the common units of Frames/s {(Mbytes/s).

The PC as a Bandwidth node Model

The heterogeneous naturc of the nedes of a PC is clearly illustrated by the range of
measurement units used varying from MHz to seek times in milliseconds.
Evaluation of these different nodes is therefore difficult. However, it is possible to
compare the performance of different nodes using the common measurement of
bandwidth in standard Framesfs or Mbytes/s. The Pentium processor has an
external data path of Sbytes with maximum rated clock speeds in excess of
400MHz giving a bandwidth of more than 2735 Frames/s (3200Mbytes/s). Dual In
Line Memory Modules (DIMMs}) rated at 60ns (16MHz) with a data path width of
8 bytes have a bandwidth of 109 Frames/s (128Mbytes/s). The data transfer rate for
a hard disc drive can be calculated from the sector capacity and relational speed
{data transfer rate = sector capacity x sectors per track x rps), Typical figures are in
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the range of 4.3 Frames/s {5 Mbytes/s). Modem performance is typically measured
in Kbits/s which can be converted to Mbytes/s or Frames/s. CDROM performance
is quoted in speeds e.g. x32 speed where single speed is 150kbytes/s. CDROM
speeds can easily be converted to Mbytes/s or Frames/s. According to Mueller [12],
the maximum transfer rate of & bus in MBytes/s can be calculated from the clock
speed and data width. This can then be converted to Frames/s. A PC can be
therefore be understood as a hierarchical collection of nodes, interconnested by
different buses, operating at different bandwidths. However, other factors not
considered include the effectz of compression, operating system overheads ete.

Nodes as a Construetivist Framework

Az a result of the initial investigations at ECU a new curriculum was designed,
implemented and fully evaluated at ECU [9]. Unlike the standard computer
technology curriculumn studenis are not taught digital techniques, assembly
language programming etc. Rather the curriculum is based on a constructivist
approach rccommended by this paper. This curriculum has always been
oversubscribed, has a very low sludent attrition rate, and atiracts students from
other facuities in ECU and students from other universities in the state. When cne
new unit from this eurriculum was first introduced, from an enrolment of 118, only
66 were computer science students. Workshop exercises include: instail
master/slave hard disc drive; upgrade PCI video card, load 2n operating systein.
Other exercises on a subsequent unit include the installation and testing of: Digita)
Video Disc (DVD), flat bed scanner, PC video camera and a video conference link.
An educational expert conducied a detailed analysis of student learning. The results
were that this curriculum; “is perceived as very valiable by students from different
disciplines; supports learning in other units; and increases students’ understanding
of coniputers and computing” [9]

This new curriculom, though perceived as valuable by students when first
introduced, argusbly lacked a coherent conceptual framework, This year we used
bandwidth nodes as such a frarnework for the first time and evaluated the results,
Using this conceptual framework the PC is considersd as a series of nodes whose
performance is measured by bandwidth (Frames/s}, Using the gtandard compulsory
ECU course evaluation questionnaire the unit wes highly rated by students.
Furthermore, 8 more detailed study was conducted 1o investigate student experience
of the noda} concept. From an enrolment of eighty students, forty were given
questionnaires. Thirty-six students thought thc nodal concept should be taugiht.
Thirty-five students thought thet this concept helped them understand computer
technology. Thirty-five siudents thought that using a common unit (Frames/s)
helped in evaluating PC devices. Significantly half the respondents thought more
time should be spent on this type of caleulation. Advantages of this model include:

¢ Students perceive the PC as a unified collection of devices based on
constructivist principles

¢ Node performance, measured in bandwidth (Frames/s} is a user based,
easily understood measwrement
» The units (Frames/'s) use a decimal scaling system
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« Students are able o critically analyze techmical literature using this
integrating concept.

+ The model is suitable for students from a wide range of disciplines
including Computer Science majors

= Nodes are independent of architectural detail

Digital Techniques

The authors do not suggest that the bandwidth node model should replace the
teaching of this traditional computer techrology curriculum (digital logic). Rather,
it may serve as 2 useful introduction that provides both interesting and usefiil
knowledge and skilis.

Conclusions

This paper proposes nodes, whose performance is rated by bandwidth (frames/s), as
the basis of an introduction te computer technology curriculum. Work to date
indicates that modeling the PC as auch a collection of nodes provides a pood
constructivist framewerk allowing technical detail 1o be introduced in a controlled,
top-down manner that is readily understandable to students from all disciplines.
The nodal mode! provides abstraction and hence is independent of architectural
detail and can therefore accomrnodate rapid changes in technology.
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3.24.2 Architecture Abstraction as an Aid to Computer Technolopgy
Education

This paper (Maj & Veal, 2000a) was presented at the American Society for
Engineering Education {ASEE), Computers in Education Division 2000 Annual
Conference, held in St Louis, Missouri, USA. The ASEE is one of the leading
engibeeting education bodies within the USA. The ASEE annval conference is its
leading venue for publication and presentation. This paper considers the 1991
ACMY/IEEE-CS Joint Curriculum Task Foree set benchmarks for award
accreditation and provide the foundations of computer science curriculum which
identifies recognizes the *need for diversity and well-intentioned experimentation in
computing curricula’. Computer Science is a relatively new discipline and given the
rapid advances in technology is subject to on going debate, development and
fragmentation, It is typically the requirement of many disciplines, such as multi-
media, software engineering, e-commerce etc to incorporate computer technology
as part of their curriculum, However, a detailed market analysis within Australia
clearly indicated that hath students and employers perceive the standard computer

technolagy curriculum as incrzasingly irrelevant.

New knowledge presented includes the B-Node model is first named and is
also evaluated as a possible pedagogical framework for teaching engineering
education in particular and its scope of application increased by considering its
application to microprocessors, DRAMS as well as buses and chip sets and sub-

optimal operation.
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Architecture Abstraction as an Aid to Computer Technology
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Abstract
Reports such as the 1991 ACM/IEEE-CS Joint Curriculum Task Force set
benchmarks for award accreditation and provide the foundations of computer
science currfculum worldwide. The report identifies recognizes the ‘need for
diversity and well-intentioned experimtentation in computing curricula’. Computer
Science is a relatively new discipline and given the rapid advances in technology is
subject to on going dcbate, devclopment and fragmentation, It is typicaliy the
requirement of many disciplines, such as Multi-media, Software Engineering, and
E-commerce etc to incorporate computer technology as part of their currietlum,
However, a detailed market analysis within Australia clearly indicated that both
students and employers perceive the standard computer technology curriculum as
increasingly irrelevant.

Work to date clearly indicates that this standard approach provides technical detail
and complexity that is inappropriate for introductory courses on computer and
nefwork technology. As part of an intemnational study the same investigation is
currently being conducted with several European universities. The resulis to date
parzlle] those abiained from the WA study. Accordingly a new curriculum was
desipned to address this problem. This new curriculum is based on a modeling a
PC as an interconnection of nodes, Evalvation of the curriculum indicates that this
abstraction: can be vsed as a new educational framework allowing technical detail to
be introduced and controlled thereby ensuring that it is meaningful and therefore
readily understandable 1o students not only from computer science but also other
disciplines. Work to date indicates that this new medel is not only technically valid
but also supperts increasing levels of technical complexity and hence articulates to
the standard computer technology curriculum. Futthermore the abstractions used in
this mode! are independent of technical detail and can therefore accommodate rapid
changes in technology.

Introduction

Reports such as the 1991 ACM/IEEE-CS Computing Curriewla ' provide the
foundations of computer science cwrriculum world wide and set benchmarks for
accreditation by professional bodies, Within Western Australia an exploratory
market audit was conducted of 8 wide range of industrial and commercial
companies. This was complemented by a further detailed analysis of the IT
department of 2 state wide rail company. From this survey a set of guidelines were
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developed for the type of skills expected of computer science graduates entering the
field of computer and network support. Using the eriteria developed a random
selection of ten, finel year ECU computer science undergraduates were interviewed
from a graduating population of approximately one hundred. According to Maj:

"R was found that none of these students could perform first ling maintenance on @
Personal Computer (PC} to a professional standard with due regard to safety, both
to themselves and the equipment. Neither could they install communication cards,
cables and network operaiing system or manage a population of networked PCs to
an acceplable commercial standard withowt further extensive training. It is
noteworthy that none of the students interviewed had ever opened a PC. It Is
significant that all those interviewed for this study had svecessfilly completed alf
the units on computer architecture and communication engineering” .

The computer architecture and communication engineering units were: Computer
Technology, Microprocessors, Data Communication & Computer Networks, These
units follow the standard approach taken by most universities. The Computer
Technology unit introduces studenis to computer systems and hardware i.e. number
codes, assembly language (Motorola 6800), machine architecture etc. The
Microprocessor unit is 2 detailed examination of microprocessor technology and an
in-depth treatment of assembly language (Intel). The Data Communication &
Computer Networks unit provides an understanding of the physical and logical
elements of data communications with a detailed discussion of the 150 OSI model.
Furthermore, interviews conducted with five ECU graduates employed in computer
and network support clearly indicated that they were, to a large degree, self-taught
in many of the skills they needed to perform their job. Preliminary investigations
indicated a similar situation with computer science graduates from other
universities within Western Australia. This problem is exacerbated not only by the
constant and rapid changes in technology but also the requirement to teach
technology to students from a wide range of discipline such as multimedia, e-
commerce elc . According to Campus Leaders: “... the predominant reason why
they (students) have gone to university was to get skills, fmowledge and a
qualification that weuld assist them in either gaining empiloyment or enhancing
their prospects for promotion or a mare rewarding job.” *

Other countries similarly have professional accreditation. In the United Kingdom
{UK) the British Computer (BCS) accredits university courses and has an
internationally recognized examination scheme in two parts with Part II at the level
of a UK honors degree in computing. The initial ECU student questionnaire, first
used in 1993, was also conducted in 1999 at two universities in the UK, A similar
study is cumently being undertzken in Sweden. The first university has well
established degree programs and is fully BCS accredited. The second university
recently redesigned their IT awards, some of which are now BCS accredited. The
degree programs at the first university offer students the opportunity to examine a
PC in the first year as part of 2 nwodule in Computer Organization. However they
never take a PC apart, Students are taught network modeling, design and
management but they do not physically construct networks. The resulis clearly
demonstrate that students lacked knowledge about PC technology and the basic
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skills need to opecrate on computer and network equipment in a commercial
environment. This is despitz the fact that most students thought such knowledge
would be beneficial, The survey indicated that any practical knowledge students
have of hardware is largely a result of experience outside the course. At the second
university the results demonstrate that these students had a broad, hobbyist's
understanding of the PC but no knowledge of health and safety law, Significantly,
the students interviewed identified that their skills and knowledge of PCs and
networks came from self-study or employment, not from courses at university.
Again student responses indicated that such knowledge would be useful,
Furthermore, according to a study of Multi-media students by Maj, “& is
significant that every student interviewed expressed the view that it would be
extremely beneficial to have a much better knaw!'edge of computer and network
technology™ . 4 A demand that traditional courses in computer technology may not
be meeling. We therefore examined developments in computer and network
technology curriculum.

Computer and Network Technology Curriculum

The problems associated with teaching computer technology are not new. Units in
microcomputer systems are fundamentally important to both computer science and
engineering students. These address issues that include: computer organization,
memeory systems, assembly languagc digital logic, interrupt handling, /0 and
interfaces. Mainstream computer scicnce education is well supperted by joumal
articles on various aspects of re-programmable hardware for educational apur%mse-s
and assembly language *, Simulation has proved to be a very useful tool **'°, Reid
used laboratory workstations to allow undergraduale students to “build a complete,
functioning compuiter - in simulation” ! Pl]gnm %100k an alternative appmach in
which a very small computer was designed in class and bread-boarded in the
laboratery by students using small and medium scale TTL integrated circuits.
Thereby, eccording to Pilgrim, providing students with the “knowledge and
experience in the design, testing and integration of hardware and software for a
small computer system” ‘2 According to Parker and Drexel sm'lulatmn is a
preferred approach in order to provide students with the *hig picture' . The
difficulty of providing a suitable pedagogical framework is further i]lustra!ed b}'
Coe and Williams Coe et al address this problem by means of simulation
Bamett '* suggests that standard computer architecture is too complex for
introductary courses and recommends a simplified computer for educational

purposes,

However, it is possible to consider the PC and network technology from a different
perspective. The PC is now a (relatively) low cost consumer itemn. This has been
possible due to design and manufacturing changes that include: Assembly Level
Manufacturing (ALM), Application Specific Integrated Circuits (ASICs) and
Surface Mounted Technology (SMT). The resuit is PCs with a standard architecture
and modular construction — so simple that high school students take them apart.
However, traditionally computer technology education is typically based on digital
techniques, smail-scale integration IC's, Kamaugh maps, assembly language
programming etc. Operation on PCs at this level simply does not exist any more
within the field of computer and network support, Valuable though simulation and
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breadboarding may be a typical PC suppont environment demands other knowledge
and skills that include: upgrading PCs, fault identification and correction
procedures, safety, ability to recognize different system architectures ete.
Simulation provides no experience of practical problems such as inserting a new
inputfoutput card into & PC and the associated skills that are needed. Furthermore, a
new conceptual modei is needed that provides abziraction in order to control detail
is required as the foundation of curriculum for the diverse audience now wishing to
study compuier technology.

Constructivism

Priot to examining how to improve student learning we atternpted to attain a deeper
understanding of how students leam and construct knowledge. Constretivism is
the dominant theory of leaming today, the basis of which is that students must
actively construct knowledge rather than passively absorb it via lectures. According
to Ben-Ari considerable research has been undertaken in this field but commented:

“However, I could not find articles on constructivise: in computer science edycarion
compared (o the vast Bterature in mathematics and physics education” and that ‘it
can provide a new and powerfil set of concepis to guide our debmes on CSE
{Computer Science Education, 8,

According to this theory students have their own cognitive stnuctures each of which
is the foundation of the learning process. By example, a PC is understood very
differentiy by Computer Science, Muliimedia and Business IT students. Failure to
do so results in fiagile and incomplete learning in which new knowledge is merely
a collection of facts to be memorized 7. The importance of the students own mental
model is illustrated by Scott Brandt who wrote, “The user's ability to apply a
previously held mental model to the target (Rnow!edge goal) will enhance the
incorporation and construction of new knowledge” '*, We suggest that it is a
common experience (o perceive the PC as a modular device (CDROM, Zip Drive,
Modem ete) used to store, view and process either local or networked data. The
traditional method of teaching computer technology {digital techniques, assembly
langnage ete} is not a goed constructivist appreach, According 1o Scragg: “... most
{perhaps ail) first courses in computer hardware are created 'upside down’ - both
pedagogleally and pragmaticatly”. This has the consequence that: “Pedagogicaily,
this approach provides no ‘cognitive hooks ', which might enable students to relate
new material to that of previous courses - until the semester is alniost complete” ”
Accordingly Scragg recommends a top down approach starting with material
already familiar to students and then working towards less familiar material. We
attemnpted therefore to find a common conceptual framework held by students, from
different disciplines (especially multi-media), as the basis for a cognitive structure.

The PC — a Constructivist model

Madels are used as a means of communigation and controlling detail. By example,
a transistor can be modeled by a simple diagram with parameters directly relevant
to an engineer. The details of semi-conductor theory are not relevant in this context
i.e. detail is encapsulated and hence controlled. Similarly a digital technique such as
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sequential logic is a higher level modeling technique that masks the details of
individua! transistors. Models should have the following characteristics:

Diagrammatic

Self documenting

Easy to use

Control detail

Hierarchical top down decomposition.

Clements suggests that @ PC may be considered as a loossly coupled Multiple
Instruction, Multiple Data {MIMD) device. According to Clements:

“Although most peopie do not regard it as a multiprocessor, any arrangement of a
microprocessor and a flappy disc controlfer is really a loosely coupled MIMD. The
floppy disc controller is really an awtonomous processor with fis own
microprocessor, internal RAM and ROM. "

and also that:

“Becase the FDC has all these resources on one oilp and communicates with its
host processor as if it were a simple YO port, it is considered by many to be a
simple O port. If it were not for the fact that the FDC is available as a single chig
engineers would be deslgning “true” multiprocessor systems to handie disc VO™ ¥

A PC is a complex collection of heterogeneous devices interconnected by a range
of bus structures. However it can be modeled as 8 MIMD architecture of sub-units
for nodes. Each node {microprocessor, hard disc drive efc) can be treated as a data
source/sink capeble of, 10 varions degrees, data storage, processing and
transmission. This simple modei may provide the basis of a suitable conceptusl
map and hence the framework for an introduction to computer technology. This
model is conceptually simple; controls detail by abstraction and may allow students
to easily make viable constructs of knowledge based on their own experience.
However, 1o be of significant value this mode]l must also be a tool that can actually
be used by students. Furthermare the model must be not only be technically valid
but also provide a basis for more advanced studies. We therefore examined PC
performance 10 farther develop this model.

PC Performance - Bandwidth Nodes

Benchmark programs considered directly relevant to a typjeal single user, multi-
tasking environment running a de facto standard suite of 32 bit applications
include: AIM Suite III, $YSmark and Ziff-Davis PC Benchmark, Consumer
magazines use Benchmark suites to evaluate PC’s and publish their results *'. Intel
mark their microprocessors with 2 part number and the maximum rated clock
speed. Furthermore they publish a special seres of Benchmarks called the Intel
Comparative Microprocessor Performance Index (iCOMP) that can be used as a
relative pauge of microprocessor performance, For many AMD microprocessors
the model designation does not correspond with the associated clock speed. For
example, the AMD %5 FR133 has a clock speed of only 100MEz, The aliernative P
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Rating (PR} system was jointly developed by Cyrix, IBM, SGS Thompson, and
AMD. This Benchmark is based on the Winstone, a de facto standard, windows
based Benchmark snite. As an &id to more meaningful measurements specialist
interest groups also evaluate equipment using specific applications 2. As a relative
gnide Benchmarks are an aid to selection, however, all of these results must be
interpreted and many questions still remain for users. Questions include:

s ‘What difference in performance can & user expect if the bench mark value result
is higher by 1 ar 2 units or by a factor of 10 or more? For example, what
difference in performance would a user expect between an 1BM Aptiva EQ3
{Business Disk WinMark 98 value of 939) and a Gateway G6 300 (Business
Disk Win Mark 98 value of 1,380)?

» How does the iCOMP rating compare to the PR rating?

# What difference in performance can a user expect from a Pentium 100 (iICOMP
90) and a Pentium 200 (iCOMP 142)? Are the scales linear, logarithmic,
hyperbolic?

»  As s user, how is the difference in performance manifested and perceived?

» How can different types of devices be campared, e.g. how can the performance
of a hard disc drive be compared to a microprocessor?

We conclude that the plethora of benchmarks, thongh useful, do not provide the
basis of 2 coherent conceptual model of a PC. Any measurement siandard, to be of
practical value to PC users, must be relevant to human dimensions or perceptions
and use units based on the decimal scaling system.

To a first approximation the performance of PC nodes can be cvaluated by
bandwidth with units in Bytes/s, Though useful it may not be the best initial, user
oriented unit - a typical user runs 32 bit windows based applications. The nser is
therefore interacting, via a Graphical User Interface {(GUT), with text and graphical
images. For general acceptance a Benchmark must be easy to understend and
shonld therefore be based on user perception of performance and as such be simple
and use reasonably sized units.

We suggest that g usefitl unit of measurement is the display of a single, full screen,
full color image. For this paper we define a full screen image as 640 x480 with 4
bytes per pixel, which represents 1.17Mbytes of data, This appears to be the
standard image for the new generation of video display adapters. The performance
of a PC and associated nodes can still be evaluated using the measurement of
bandwidth but with the units of standard images/s or frames/s. This unit of
measurement may be more meaninysful to a typical user becanse it relates directly
to their perception of performance. To a first approximation, smooth animation
requires a minimum of 5 frames/s (3.85Mbytes/s}. Obviously sub multiples of this
unit are possible such as querter screen images and reduced color palette such as 1
byte per pixel. We first cstablished a general experimental method to determine
data transfer rales between nodes within a2 PC to evaluate the use of frames/s as a
measurement of performance. A C program was used to fransfer data between two
nodes, a Hard Disc Drive (HDD) and Synchronous Dynamic RAM (SDRAM),
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flagging the start and stop of this operation on the parallel port. An oscilloscope
{100 micro second resolution), connected to this port measured the data transfer
rate in Mbytes/s, The results obtained related directly to the manufactures technical
specification of the HDD. We were able to detect the influence of HDD caching
and also track and cylinder latency thus verifying the experimental methed. A
single, uncompressed 640x480, dbytes/pixel-video image was generated and
transferred from the HDD to both SDRAM and a third node, the video adapter card,
The data transfer rate from HDD to SDRAM was 1.48Mbytes/s, which can be
expressed as 1.21 frames/s. From the HDD to video adapler card the data rate was
1.37Mbytesfs iel.1 frames’s. The data transfer rate for the video card is
18.6Mbytes/s i.e. 15.1 framesfs, We have therefore a common unit of measurement,
relevant to common human perception, with decimal based units, that can be
applied to different nodes and identify performance bottlenecks. In this case the
HDD is the limiting factor and unable to provide a bandwidth suitable for smooth
motion in an animation sequence. The cencept of wsing images to evaluate PC
performance can be made directly relevant to users from different disciplines, in
particolar multi-media.

Each node (microprocessor, hard disc drive etc) can now be treated as a
quantifisble dats sourcefsink (Frames or Mbytes) with an associated transfer
characteristic (Frames/s or Mbytes/s). This appreach allows the performance of
every node and data path to be assessed by a simple, common measurement —
bandwidth. Where Bandwidth = Clock Speed x Data Path Width with the common
units of Frames/s (Mbytes/s).

The PC as a Bandwlidih Node Model

The heterogeneous nature of the nodes of a PC is cleatly illustrated by the range of
measurement units used varying from MHz to seek times in milliseconds.
Evaluation of these different nodes is therefore difficult. However, it is possible to
compare the performance of different nodes using the common measurement of
bandwidth in standard Framesss or Mbytes/s.

Microprocessor

All microprocessors, regardless of any internal architectural details, transfers data
via the processor data bus. The Pentium processor has an external data path of
Bbytes with maximum rated clock speeds in excess of 400Mhz giving a bandwidth
of more than 2735 Frames/s (3200Mbytes/s).

Primary Memory — IFRAM

Regardless of DRAM organizational structure, performance is measured in
nanoseconds, which can easily be converted to MHz. The performance of SDRAM
is now often queted in MHz, e.g. 83MHz (12ns} or [00MEEz (10ns). For example,
Dual Inline Memory Modules {DIVMs) rated at 60ns (16Mtz) with a data path
width of 8 bytes have bandwidlhs of 109 Frames/s (128Mbytes/s}.

Secondary Memory — Hard Disc Drive
The true maximum, sustained data transfer rate in Mbytes/s can be calculated from
the sector capacity and rotalional speed (data transfer rate = sector capacity x
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sectors per track x tps). Typical figures are in the range of 4.3 Frames/s (5
Mbytes/s) with the number of sectors averaged thereby taking into account Zoned
Bit Recording. The data transfer rate of imerfaces is often quoted in latency, which
can easily be converted to Mby.es/s or Frames/s.

Peripherals

Modem performance is typically measured in kbits/s which can be converted to
Mbytes/s or Frames/s. CDROM performance is quoted in speeds e.g. x32 speed. A
single speed CDROM provides a defined transfer rate of 150kbytes/s. When
CDROM devices are used to transfer digital data it is possible to speed up the data
transfer rates, all of which are multiples of the original single speed drives,
CDROM speeds can esily be converted to Mbytes/s or Frames/s.

Bus Structures and Chip Sefs

According to Mueller , the maximum transfer rate of a bus in MBytes/s can be
calculated from the clock speed and data width. This can then be converted to
Frames/s. It is possible to construct 2 diagrammatic representation of the bus
slructure hierarchy showing also the chip-sets used to interface between the
different hierarchical levels.

A PC can be therefere be understood as a hierarchical collection of nodes,
interconngcted by different buses, operating at different bandwidths. Work to date
indicates the bandwidth node model may be used for all the latest Multi-media
devices (Video camera, Digital Videe Disk (DVD), flat bed scanner etc). We then
examined if this bandwidth node model was valid for increasing levels of technical
complexity,

Sub-Optimal Operation — Technical complexity

Nodes typically operate sub-optimally dug to their operational limitations and also
the interaction between other slower nodes. For example, a microprocessor may
need two or more clock cycles to execute an instruclion. Similazly a data bus may
need multiple ¢lock cycles to transfer a single data word, The simple bandwidth
squation can be tnodified to take this into account i.e. Bandwidth = Clock x Data
Path Width x Efficiency. The early Intel 8088/86 required a memory cycle time of
4 clocks cycles (Efficiency = '4) however, for the Inte] 80x86 series, including the
Pentiurn, the memory cycle time consists of only 2 clocks (Efficiency = '4) for
external DRAM [22]. A 100MHz Pentiurn, with a data path of 8 bytes has a
therefore bandwidth of 341 Frames/s (400Mbytes/s).

Duoal In Line Memory Modules (DIMMs) rated at 60ns (16MHz) with a data path
width of 8 bytes have a bandwidth of 109 Frames/s (128Mbytes/s). When DRAM
devices cennot complete a read or write request within the correct number of clock
cycles the memory controller indicates to the iicroprocessor that another
instruction cycle must be implemented, L.e, a wait state, 2%, Each wait state increases
the memory cycle time by one clock, hence an extra waijt state for the 80x86 series
would reduce the efficiency to 1/3. For a 100MHz Pentium the bandwidth would be
reduced from 341 Frames/s (400Mbytes/s) to 227Frames/s {266Mbyles/s). It can be
clearly seen that five wait states are needed te match the microprocessor and
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DRAM (60ns) bandwidihs, The Peripheral Component Interconnect (PCI) bus is
#lso a 32 bit bus but operates at a fixed frequency of 33MHz, The PCI bus uses a
muliiplexing scheme in which the lines are alternately used as address and data
fines. This reduces the number of lines but results in an increased number of elock
cycles needed for a single data ransfer. The maximum data transfer rate for the
write operation (2 clock cycles) is S6Frames/s {66Mbytes/s) i.e. (33MHz x 4 bytes
x 1/2), however the PCI bus is capable of burst transfer modes of arbitrary length in
which case E can be taken as umity.

The bandwidth node model is capable of top down decomposition. A PC can be
considered as a single nede or a collection of nodes {micreprocessor, electronic
memory, hard dise drive etc}. Each of these nodes can be modeled as a collection of
nodes. By example a hard disc drive can be described as two nodes, the Electro-
mechanical drive mechanism (motors, platters etc) that communicates to the hard
disc controller (responsible for data separation, error corrgetion, buffering ctc) that
in turn interfaces to the motherboard bus.

We conciude that the proposed bandwidth node model may be extended to
accommodate the sub-optimal performance of PC sub-units. Furthermore this
model may be used te provide greater technical depth. However no account is taken
of compression or the effect of operating system overheads. Further work is
currently being undertaken to analyze the effect of these variables.

Architectural Independence

There are many rapid changes in computer lechnology — the technical standards of
today are likely to be obsolete tomorrow. It is possible, using this technique, to
mede] all micropracessors (8086 to Pentium}, all types of hard disc drive (ST 506,
ESDI, IDE ete) all buses (ISA, EISA, MCA, LB and PCI) Preliminary
investigations indicate that it is possibls to mode] all multi-media devices using this
bandwidth node technique.

Nodes as a Constructivist Framework

As a result of the initial investipations st ECU a new curriculum was designed,
implemented and fully evaluated at ECU 25. Unlike the standard computer
technology curriculumn students are not taught digital techniques, assembly
language programming etc. Rather the cumiculum is based on a constructivist
approach recommended by this paper. This curriculum has always been
oversubscribed, has a very low student atirition rate, and attracts students from
other faculties within ECU and smdents from ather universities in the state, When
one new nnit from this curriculum was frst intreduced, from an enrolment of 118,
only 66 were computer science students the others were from a wide range of
disciplines, especially multi-media, Workshop exercises include: install
mastet/slave hard disc drive; upgrade PCI video card, load an operating system.
Other more advanced exercises in a subsequent unit include: the installation and
testing of: Digital Video Disc (DVD), flat bed scanner, PC video camera, Infra-red
communications link, Zip Disc, a videc conference communications link via a local
area network. Such workshops represent many of the common tasks required of
students when entering the workforce.
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An educational expert conducted a detailed analysis of student leaming. Five
students, chosen at random, were interviewed. Interviews were semi-structured
consisting of a number of closed and open ended questions and respondents were
encouraged to comment on any positive or negative aspect of the course and its
effect on their leaming. The results that the curmmiculum: “is perceived as very
verluable by students from different disciplines; supports learning In other units;
increases students’ wnderstanding of computers and computing; generates a
demand for further currleslum in this field" =,

This new cumiculem, though perceived as valuable by students when first
introduced, arguably lacked a coherent conceptual framework, Last year we used
bandwidth nodes as such a framework for the first time and evaluated the results.
Using this cancepiual framework the PC is considered as a series of nodes that can
store, process and transfer data, The operational characteristic of each node is
considered in detail and its bandwidih calculated using the common units of Bytes/s
and Framas/s. Using the standard ECU course evaluation questionnaire the unit was
highly rated by students. Student understanding was evaluated by means of two
assignments in which ey were required to obtain the technical specifications for a
PC and construct & nodal model with associated bandwidths in both Mbytes/s and
Framesfs. Furthermore, a more defailed study was conducted. Thirty-seven
students from forty responded that this method of teaching computer technology
was beneficial,

Prior to the introduction of this mode! student previous student similar to this
resulted in almost exclusively a list of hardware details copied directly from
technical literature with little or no critical analysis, Most students most were able
to predict the likely performance of a PC and identify nodes (devices) that would
significantly handicap performance. Significantly, using this nodal madel all
additional progressive technical detail and complexity is additive to knowledge and
understanding rather than being perceived by the student as simply a collection of
factual data. Advantages to using this model include:

»  Studems perceive the PC as a unified collection of devices

» Node performance, measured in bandwidth (Frames/s) is a user based, easily
understood measurenent

o The units (Mbytes/s, Frames/s} use a decimal scaling system

» Students are able to evaluate different nodes of a PC by means of a common
unit of measurement

s Students can easily determine the anticipated performance of a PC given its
technical specification

» Students arc able to critically analyze technical literature using this integrating
concept,

s The model is suitable for students from a wide range of disciplines including
Computer Science majors

« Nodes control defail and are valid for increasing levels of technical complexity.

e Nodes are independent of architectural detail

» Nodes are a diagrammatic and easy to use
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* Nodes are self documenting
* Nodes can be used to provide hierarchical top down decomposition.

Diplital Techniques

Aceording to the report of the 1991 ACM/IEE-CS Joint Curriculum Task Force
report computer seience curriulum includes: digital logic and systems, machine
level representation of data, assembly level machine organization, memory system
oTganization and architecture, interfacing and communications, and alternative
architectures ', The authors do not suggest that the bandwidth node model should
replace the teaching of this traditional computer technology curricolum. Rather, it
may serve as a useful introduction that provides both interesting and useful skills,
This point is reinforced by Ramsden, “Material should preferably be ordered in
such a way that it proceeds from common-sense and everyday experiences (o
abstractions and then back again to the application of theoretical knowledge in
practice”

Conclusions

This paper proposes nodes, whose performance is rated by bandwidth (frames/s), as
the basis of an introduction to computer technology curriculum. Work to date
indicates that modeling the PC as such & collection of nodes provides a good
constructivist framework allowing technical detail to be introduced in a controlled,
top-down manner that is readily understandable to students from ail disciplines.
This nodal model is also valid for increasing levels of technical complexity and
hence may suitable for more advanced studies. The nodal model provides
abstraction and hence is independent of architectural detail and can therefors
accommodate rapid changes in technology.
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3.2.4.3 A New Abstractivn Model for Engineering Students

This paper (Maj, Veal, & Boyanich, 2001) was presented at the UNESCO
International Centre for Engineeting Education 4th UTCEE Annual Engineering
Education Conference, held in Bangkok, Thailand, The UNESCO Intemnatjonal
Centre for Engincering Education (UICEE}) is based in the Faculty of Engineering
at Monash University, Melbourne, Victoria, Australia. The mission of the UICEE is
to facilitate the transfer of information, expertise and research on engineering
education, It facilitates international conferences worldwide where peer reviewed

papers are presented and published.

This paper considers conceptual models of the PC computer performance.
The limitations on the use of benchmarks for promoting student understanding of
CNT performance issues are considered. The application of recursive B-Node
models 25 a means of siding engineering student understanding of developments in
CNT is presented, as are the use of B-Node diagrams that can permit the use of
hierarchical decomposition, The approximation of Moore and Mealy state machines
to B-Nodes is also considered. Examples are also given of digital systems
approximation to B-Nodes. Also included is the potential application of B-Nodes to
assist comparison between generations of digital computers from 1940s into the
future. Results of an anonymous stodent evaluation of the B-Node model are
presented which found that 50% of students thought that more time should be spent
on calculations, and 90% thought that the B-Node concepts shovld be taught.
Traditionally, introductery computer technology edncation is typically based upon
digital techniques, smali-scale integration IC’s, Karnaugh maps etc. Results from
an international investigation clearly demonstrated that for many students this
approach is increasingly perceived as irelevant, Work to date indicates that this
modelling technique provides a good constructivist framework ellowing technical
detail to be inroduced in a manner likely to accord with their previous experiences.
" Additional complexity is presented in a controlled, top-down manner that is readily
understendable to students frotn all disciplines. This model is independent of
architectural detail and could therefore accommodate rapid changes in technology.
The full digital technology approach may be required by some students such as
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those in computer science and engineering undergraduate courses who intend to
undertake research and development in the computer hardware field, From a
constructivist viewpoint an overa!l conceptua! mode] could help to promote their
leatning.

Additional new kmowledge includes a further development of the use of
bandwidth concepts and student understanding of PC hardware des :lopment from o
constructivist perspective. This was the first paper 1o use of B- N-nle diagrams and
also the first paper noting the B-Node approximation to Moct~ and Mealy state
machines. This is the first suggestion of t0ie potential . E-MNodes to compare

development of digital devices from an historical perspetive.
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A New Absiraction Model for Engineering Students
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Austrelin

Abstract:

Traditionally introductory computer technolegy education is typically based upon
digital techniques, small-scale integration IC's, Kamaugh maps etc. Results from
an international investigation clearly demonstrated that for many students this
approach is increasingly perceived as irrelevant. A new higher level abstract
modelling technique that could suitable for bath computer and network technology
is proposed. Wotk to date indicates that this modelling technique provides a good
consiructivist framework allowing technical detail to be introduced in a controlled,
top-down manner that is readily understandable to studems from all disciplines.
This model is independent of architectural detail and could therefore accommeodate
rapid changes in technology. The full digital technology approach may be reguired
by some students such as those computer science and engineering undergraduates
who intend to underiake research and development in the computer hardware field.
Although from a constructivist viewpeint an overall conceptual model could still
help to promote their learning.

Introduction

For many years the PC has been a widespread relatively low cost copsumer item.
Technically this has been made possible by design and manufacturing changes that
include, Assembly Level Manufaciuring {ALM), Application Specific lntegrated
Cirzuits (ASICs) and Surface Mounted Technology (SMT). The result is a PC with
standard architecture and modular construction. The increasing use of PCs and
associated equipment has led to an increasingly high demand for people with
technical skills in computer and network support and other fields such as
multimedia [6]. CIM and NIM were based upon the findings of a study by Maj,
Robbins, Shaw and Duley [7] which found that 3™ year computing science students
were unable to perform routine operation on a PC such as mstalling a hard disk
drive to acceptable standard both of safety to themselves or without a high level of
possibility of damage to the machine. Such skills were not provided in the
curriculum at ECU or most other university computer science courses, but were
judged to be very valueble by students and prospective employers. CIM and NIM
were initially based upen fulfilling this mismatch between potential employers®
requirements in computer end network support and the skills and knowledpe
possessed by computing science students. Maj, Fetherstone, Charlesworth and
Robbins note that: "It was found that none of these studenis could perform first line
maintenance on a Personal Computer (PC) to a professional standard with due
regard to safety, both to themselves and the equipment” [5]. However, all of these
students had successfully passed all of their units. Identical studies canjed out at
European universities has discovered a similar situation.
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CIM and NIM are first level single semester units with two hours per week of
‘hands on’ workshops accompanying a two hour lecture. Maj notes that:

“4 4" year engineering student described the unit as ‘very helpful’ explaining that
aff the rest of his course was theoretical with nathing practical dealing with the
“components with which I have to work". He said that "I never see the component
in the whole four years af my course” so to actually work with the componenis
“was helpful to my understanding " [5].

The diverse backgrounds of students atiracted 1o the CIM and NIM unit meant that
many had no previous education or training in iechnology. A method was required
to enable these students to gain an understanding of PC technology in a single
semester, Traditional methods of teaching computer hardware are often via digital
electronics units whereby lopic gates are combined inte ever more complex
arrangements. This can result in difficulty experienced by swdenis when
progressing from an appreciation of logic gates to an understanding of the operation
of an actual PC. Barnett has even supgested that standard computer architecture is
too complex for introductory courses [1]. The short “half life of usefulness’ for such
knowledge is caused by the high rate of technological change in the computer
hardwarg field. The concept of the ‘usefulness of half life’ refers the time required
for knowledge to be enly half as vseful as it was at the start of that time period.

Conceptual models of the PC

Computing science academics aften completely reverse the dictates put in place for
software design and comprehension. They tend 1o apply ‘boltoin up’ rather than
‘top down® methods starting with an understanding of logic pates and then
proceeding mote complex arrangements using these gates. Scragg in the paper
entitled “Most computer organfzation courses are buill upside down,™ [12],
recommended a top down approach starting with materizl already familiar to
students, This view is also taken up by Maj Vea! and Charlesworth in the paper "fs
Computer Technology Taught Upside-down?” [9). The relatively long learning
time associated with this 'bottom up' approach is due to the large quantities of
disconnected lower level detail. When this problem is coupled with the shor *half
life of usefilness’ of knowledge gained via the ‘bottom up’ approach this often
results in limited relevance and value to many students. Furthermore students with
a non-technical background may be considerably disadvantaged until they have
mastered digital techniques. Teaching computer hardware vis logic gates not in line
with modem practice where PC cards and microprocessors are interchanged and
instailed rather than individual logic gates.

Modelling is a comman practice both in science and engineering. A new concephual
madel is required that provides abstraction in order to contral irrelevant technical
detail. E.g. a transistor can be modelled by a simple diagram with paramsters
directly relevant to an engineer. The details of semi-conductor theory are not
relevant in this context i.e. detail is encapsulated and hence controlled. Although in
other contexts semi-conductor theory may be relevant. Similarly digital techniques
such as sequential logic is a higher level modelling technique that masks the details
of individua! transistors but may be unsuitable as an initial basis for a conceptual
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model of a PC. Sets of logic gates may have been the only readily obtainable
hardware devices for students to gain ‘hands on’ experience with digital logic
circuits 30 years ago. It was 2s close as students could et fo *hands on” experience
with the insides of a computer. Then such provision would have been financially
out af the question for many educational institutions. However today there is no
longer this restriction and the necessity for many students to study PC hardware has
lead to a need for new conceptuel models.

Compuicr performance

Work on a new conceptual madel for computer hardware was undertaken for CIM
and NIM based upon computer performance as this can provide insights into
hardware development and can enable students to assess prospective systems.
Measures of performance could include benchmarks. A computer benchmark is &
performance test and a variety of computer benchmarks have been in use for many
years. Chen and Patterson note that, “Good benchmarks assist users in purchasing
machines by allowing fair, relevant comparisons " [2].

However questions regarding the meaning of the significant figures given,
comparison between the various benchmark readings, as well as any meaning
which can be ascribed to particular readings are not be readily answered. A cursive
glance at any personal computer magazine or newspaper computer advertisement
section will result in a bewildering array of units and standards. User questions
such 85 ‘How much will a given graphics accelerator speed up my multimedia
presentations’? or ‘How fast will my new program load from the hard drive'? are
not readily answered. Saavedra and Smith state that

“Standard benchmarking provides the run-times for given programs on given
machines, but falls to provide insight as to why those resuits were obtained (either
in terms of the machine or program characteristics) and fails to provide run-times
Jor that program on some other machine, or some other programs on that
machine” [11].

Bandwidth as a PC Performance Measurement

The problems of using benchmarks lead the authors to consider other computer
performance indicators, Bottlencck predication and detection was regerded as
suitable for the more technically knowledgeable user or technica! staff, Buses can
be cause bottlenecks on PCs and are criticat to performance on modern bus based
PCs. Finklstein and Weiss note that:

The bus bandwidth and transfer parameters place a limit on the system
performarce.

The system bus is an inverface that connects hardware components produced by
different vendors and provide interoperability {4].

Therefore bandwidth, or throughput, could be a suitable central theme for teaching
PC hardware concepts. The initial vse of a commonly perceived sitvation is
recommended from a consideration of construetivist theory.
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Constructivism

Constructivist educational theory is based on enabling students to build
increasingly complex frameworks of understanding from their current frameworks.
Vygotsky developed the concept of The Zone of Proximal Develapment, (ZPD)
(Vygotsky, 1962) [16]). It is the phase at which a task can be mastered given
appropriate support and keeping leaning tasks within student’s ZPD, This is vital
from a constructivist viewpoint and Vygotsky also claimed that “the farger the
zone the better students will Iearn". Tharpe has noted that there “... is no single
ZPD for individualy because the zone varles with culture society and experience”
[13]. According to Ramsden: “Material should be ordered in such a way that it
proceeds from the common-sense and everyday experience to abstractions" [10].

Such everyday experience for many PC users general speed of operation of the
machines with which they interact and bandwidih is 2 major factor. Basing
computer performance upon commonly appreciated measurements such as full
screens full eolour, full motion video would in accordance with constructivist
theory.

A Bandwld¢h Model

Maj has developed a model based on throughput or bandwidth as discussed in
“drchitectural Abstraction as an aid to Computer Technology Education” [8).
Bandwidth is alse a eritical consideration in video, bus and many other system
devices and thus providing a common measuring unit, alse such measurements as
bytes per second can be converted to Mega bytes per second or Gigabyles per
second using S.1. scaling factors. In connection with the use of a full screen full
.colour Maj have noted that a full colour image as a useful unit of measurernent he
states defines a full sereen image as 640 x 480 with 4 bytes per pixel representing
1.17 Mbytes of data. Maj, Veal & Charlesworth note that:

“... the performance of a PC and ussociated nodes can still be evaluated using the
measurement of bandwidth but with the units of standard images/s or frames/s.
This unit of measurement may be more meaningful to a typical user because it
relates divectly to their perception of performance. To a first approximation,
smootl animation requives a minimum of 5 frames/s (3.85 Mbytes/s)",

They further state that:

“Each node (microprocessor, hard disc drive etc) can now be reated as a
quantifiable data sourcelsink (Frames or Mbytes) with an associated iransfer
charaeteristic (Frames/s or Mbytes/s). This approach alfows the performance of
every node and data patk to be assessed by a simple, common measurement —
bandwidth, Where Bandwidth = Clock Speed x Data Path Width with the common
units of Frames/s (Mbytes/s)". [9]

The units and conecepts of bandwidth could be applied to, the IBM 360, eurly 1940s
computers, future optical computers or a modem PC provided that they are digitally
based machines. As an example of a bandwidth caleulation The Pentivm processor
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has an extetnal data path of 8bytes with maximum rated clock speeds in excess of
400MHz giving a bandwidth of more than 2735 Frames/s (3200Mbytes/s),
Considering a PC as a series of nodes is reinforced by Clements who suggested that
a Floppy Disc Drive may be considered as a loosely coupled Multiple Instruction,
Multiple Data {MIMD) device [3]. A PC is therefore a complex collection of
heterogeneous devices interconnected by 2 range of bus siructures. However, from
a user perspective, a PC is a low cost, storage device capable of processing data. In
this context we therefore define a PC as a MIMD architecture of sub-units or
Bandwidth Nodes {B-Nodes). Each node {(microprocessor, hard disc drive ete) can
be treated as a data source/sink capable of, to various degrees, data storage,
processing and transmission. This simple madel may provide a suiteble conceptual
mayp and hence the framework for an introduction to computer technology. It can be
regarded as a sequence of B-nodes, X denotes a particular B-node as in figure 1.

Figure |

A path can be considered to be a link joining two B-Nodes a sequence of links and
B-Nodes muy be joined together with a line as shown in figure 2.

Figure 2

Both software and hardware measurements could then be checked against each
other., Paths can also be contained within a B-Node enabling bandwidth modeling
of higher or lower levels. B-Nodes could be placed wherever convenient in a
system and may be considered to contain the whale or paris of one or more
hardware devices as in figure 3.

Hardware Hardware
\ devlce A device B
Figure 3
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Such bandwidth models could alsa be used 25 an educational framework for
courses concenfrating on nefworks or on the intemet, Other parts of a computer
system such as the primary memory, are already regularly examited using
bandwidth considerations. Bandwidth considerations also aid understanding of
micro-coding requirements and are used for digital TV, digital radio. In Networking
bandwidth has a well established history as papers such as “The Bondwidth
Faniine” by Wilkes, [17] can attest.

State Machines and Digital Systems

Since the initizl work on B-Nodes work has been done to extend this model to
include greater technical complexity. State machines are systems whose state
changes according to input values, State evolution may be represented by a graph
whose nodes represent state and edges represent state transitions. Output may be
derived in two alternate ways leading to two different types of state machine:
Moore Machine and Mealy Machine, Significantly both have input, output and a
clocked state derived from logic. To a first approximation esch machine may be
modelled as a B-Node and the performance defined by the clock speed and the data
path width, The 1-transistor, 1-capacitor cell is the fundamental unit of memory.
This can be modelled as a B-Node. Such memory cells may be apgregated into a
structured arcay with the associated pre-charge circuits, row and column decoders,
sense amplifiers and input/output buffers i.e, DRAM memory cell array. A memory
cell array may alse be modelled as a B-Node. Regardless of the internal
organization the performance of a memory cell array depends upon the clock speed
and data path width. It is possible to model various digita! circuits as B-Nodes and
using standard logic boards evaluate their performance. Work to date suggests
many devices in a PC may be modelled as B-Nodes using hierarchical
decomposition. Work to date sugpests that the B-Node model has wide
appiicability and may provide a useful pedagogical foundation for computer
engineering, It is possible to model synchronous communications however
problems exist for modelling arbiiration protocols and asynchronous (event)
transitions.

Student Evaluation

Whelher such a model accords with the results of detailed experimenis nesds
verification. A start has been made by measuring bandwidths of disk drive units via
an oscilloscope. Further work is planned using assembly language based software
bandwidth measurements. Students have used a simplified B-Node-model as part of
their assignments where they were required to assess the suitability of PC systems
to perform given functions, A detailed study was conducted to investigate student
experience of the B-Node concept. From 80 students, 40 were given questionnaires,
36 thought the nodal concept should be taught, 35 thought that it heiped them
understand computer technology, 35 students thought that using a common unit
(Frames/s) helped in evalvating PC devices. It is noteworthy that 50% of these
students thought that more time should be spent on such caleulations.

A test to investigate students basic mathematics and physics skills used in
bandwidth calculations and discovered that at least 20% of students experienced
difficulty in converting from frequency to time period, between S! magnitudes, and
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also had problems with scientific notation. The test included questions to test these
skills both individually and in combination. This investigation has been noted by
Veal Maj and Swan [15] and was partly intended to complement assessments of
competencies to ascertain levels of hands on practical skills in these units [14].
Short sessions of 5 to 10 minutes were included as part of the 2 hour workshops to
give students exira examples in bandwidth caleulations. This advanced from the
simple to the more complex calculations over a period of weeks,

Conclusions

The authers do not suggest that the B-node model replace the teaching of a
traditional computer technology curriculum (digital logic). Rather, it may serve as a
useful introduction that provides useful knowledge and skills. Many students
require an understanding of PC hardware for whom full digitat technology
approach may prove superfluous and the B-Node model could provide a simpler
altemative, However an overview of the operation of disk drives and other devices
is still required. A full digita] technology approzch may well be required by some
students such as those computer seience and engineering undergraduates intending
to undertzke resgarch and development in the computer bardware field. From a
constructivist viewpoint an overall conceptugl model could still be useful to
enhance leamning. The investigation to determine student'’s skills in caleulating
bandwidihs shows that further research is needed determine if the extra titne spent
on these topics in the workshops has resulted in a significant improvement.
Bandwidth provides a conceptual siructure for the units CIM and NIM using
constructivist techniques. As students progress through their studies such
conceptual frameworks could still be utilized, The problems inherent in using
present benchmarks have been noted and bandwidth has been considered as a
possible foundation for computer performance. More bandwidth measurements
within the PC and other systems need to be canied out and the results checked for
consistency by both software and hardware methads,
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3.2.44 Proposed New High Level Abstraction for Computer
Technology

The paper (Maj, Veal, & Duley, 2001) was presented at the ACM Special
Interest Group for Cotnputing Science Education (SIGCSE) 2nd Technical
Symposium in Computer Science Educatien, held at Charlotte, North Carolina,
USA. The ACM is arguably the world's foremost body in the field of computing
seience and SIGSCE is most likely the world’s foremost body in C8 Education.
This Annual Conference is their flagship worldwide forum for innovation in C8

education.

This paper proposes & new peneric mode! for medelling computer
technology at higher levels of abstraction than those in current usage. Investigatians
to date indicate that this model is independent of the underlying details efa
particular implementation technolegy and can therefore accommedate changes in
the implementation technology. This new model is not only more directly relevant
to the cheap, iow cost moduiar architectures in use today but also work to date has
strongly indicated it may be useful as the basis of a new pedagogical framework for
teaching not only introductory and more advanced computer technology but also
systems analysis and design. The use of construciivism in CNT education and its
relevance to B-Node madels is considered a5 is the use of derived units for CNT
evaluation and comparison. The use of such derived units is applied to PC monitor
performance requirements, Additional new knowledge iticludes the experimental
results of further bandwidth investigation on HDDs to test B-Node concepts. B-
Node concepts are broadened using recursive decomposition from commonly
understood concepts within a constructivist fiatmework. The self docurnentation
nature of B-Nodes is also discussed. The relevance of the B-Node modeling in
relation to the raising levels of abstraction in the British Computer Society (BCS)
Hardware Curriculum is noted. The resuits of 2 series of experiments involving the
use of a computer program written in the programming langvage C and used for
internal bandwidth measurements in a PC are also discussed, These measurements
were repeated using an oscilloscope. There is also a consideration of medical
ultrasound imaging frorn 2 B-Node perspective.
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Abstract

Computer technolagy can be described using a range of models based on different
levels of detail e.g. semiconductors, transistors, digital circwits. Such models are
designed to progressively hid imelevant detail and yet provide sufficient
information 10 be useful for communication, design and documentation. However,
developments in computer technology have resulted in & low cost, heterogeneous
modular architecture that is difficult to medel using eurrent methods. This paper
proposes a new generic method of madeling computer technology at a higher level
of abstraction than those cwrently used. Investigations to date indicate that this
model is independent of architectural detail and can therefore accommodate
changes in technology. This new mode! is more directly relevant to the cheap, low-
cost modular architectures in use today. Furthermore, all work to date has strongly
indicated it may be usefizl as the basis of 2 new pedrgogical framework lor teaching
not only introductory but also more advanced computer technology.

Keywords Computer technology education, modeling, constructivism.

Introduction

Digital techniques and modelling provide an abstraction that is independent of the
underlying details of semiconductor switching. Such combinational or sequential
circuits can be described without the complexity of their implementation in
different switching technologiss e.g. TTL, CMOS, BICMOS etc. Similarly details
of semiconductor switching may be modelled using abstractions independent of the
underlying details of quantum mechanics. Computer technology can therefore be
described using a progressive range of models based on different levels of detail
e.g. semiconductors, transistors, digital circuits.

Such models are designed to progressively hid, and hencr control detail, and yet
provide sufficient information to be useful for communication, design and
documentation. This is in keeping with the ACM/IEEE Computing Curricula 1991
in which abstraction is a recurring concept fundamental to computer science (ACM,
1991a). Computing Curricula 1991 define nine subject areas that include
Architecture as a pre-requisite chain of topics. However, computer design and
manufacture has changed repidly in the last decade. Assembly Level
Manufacturing, Application Specific Integrated Circuits and Surface Mounted
Technology have all lead to an ever-decreasing unit price and a resultant low cost
PC with a standard architecture and modular construction. A atate-wide survey by
Maj found that computer 1echnology is now managed as a moduler system that
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demands skills other than those provided by tradidonzl computer science
curriculum {(Maj, Fetherston et al., 1998). From this survey a set of guidelines were
developed for the type of skills expected of computer science graduates entering the
field of computer and network support. Using the criteria developed a random
selection of ten, final year Edith Cowan University (ECU) computer science
undergraduates were interviewed from a graduating population of approximately
one hundred.

The computer scicnce degree at ECU is level one accredited, the highest, by the
Australian Computer Society (ACS). The ACS curriculum is comparible to the
ACM/EEE 1991 Computing Curriculum. According to Maj none of the students
interviewed had the skills expected by prospective employers (Maj, Fetherston et
al,, 1998). Interviews conducted with five ECU graduates found to be employed in
computer and network support clearly indicated that they were, to a large degree,
self-taught in many of the skills they needed to perform their job, Preliminary
investigations indicated a similar situation with computer science graduates from
other vniversitics within Western Australia. The initial ECU student questionnaire,
fitst vsed in 1993, was also conducied in 1999 at two universities within the UK.
Both universities have well established degree programs that are British Computer
Society (BCS) accredited. According to Maj (Maj, 2000) the results obtained were
directly comparable to the original survey. Furthermore, there is considerable
unmet potential demand from students of other disciplines for instruction in
computer technology (Engel & Maj, 1999). Students from other disciplines wanted
a hetter knowledge and understanding of computer technology but failed to see the
relevance of the current curriculum. According to the 1991 ACM/IEEE-CS report,
“The outcome expected for students should drive the curriculum plunning”
Significantly Clements comments, “Conseguently, academics must continually
examine and update the curricufum, raising the level of absiraction™ (Clements,
2000c). A demand that traditional courses in computer technology may not be
meeting,

Computing Cerricula

Professional bodies are variously responsible for the acereditation of awards and
defining curriculum content, The ACM/IEE-CS Computing Curricula 1991 define
nine subject aress that include Architecture. Different countries have their own
professional bodies, Duting the 1970s and 1980°s the British Computer Society
(BCS) offered a two-part curriculum: Part 1 equivalent of g Higher Nationat
Diploma and Part I equivalent to an honours degree. This curriculum was available
on an international basis with examination centres throughout the world. The Part [
examination included an option, "Fund tafs of Computer Technology”. Part 11
built upon this with an option, “Digital Computer Organization, Design and
Engineering.” One of the topics in this unit "Integrated Circuit Design and
Fabrieation” required detailed knowledge of technologies that included: MOS
devices: the inverter, NAND and NOR logic, scaling, stick diagram design rules,
silicon wafer fabrication etc, A preliminary analysis of all the Part IT examination
papers in the topic “Digital Computer Organization, Design and Engincering.”
over the past twenty years, indicates this curriculum has progressively changed
with respect to the technical detail expected of candidates, The new BCS Part I
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curriculum is now called the Professional Graduate Diplema and the only herdware
unit is “Distributed and Parallel Systems” which does not require candidates to
have any knowledge of the technical detail previously demanded by the topic
“Integrated Circult Design and Fabrication". The BCS Part I has been renamed
Diploma and has s unit called “Architecture” with one section on Digital Logic
{Combinational and sequential circuits). The BCS curriculum has adapted to the
changes in the developments of computer technology.

Teaching Computer Technology

The problems associated with teaching computer technoiogy are nat new.
Simulation has proved to be a very useful tool (Magagnosc, 1994), (Searles, 1923),
(Bergmann, 1993), (Reid, Barington, & Kenney, 1992), and (Pilgrim, 1993), took
an alternative approach in which a very small computer was designed in class and
breadboarded in the laboratory by students using small and medium scale TTL
integrated circuits. According to Parker and Drexel (Parker & Drexel, 1956)
simulation is a preferred approach but note that siudents often do not see the ‘big
picture’. The difficulty of providing a suitable pedagogical framework is further
illustrated by Coe and Williarns (Coc et al., 1996) who address this problem by
means of simulation. Barnett (Barnett 11], 1995) supgests that standard computer
architecture is too complex for introductery courses. The PC is now a low cost
consumer item due to design ond manufacturing changes. The PC has & standard,
heterogeneous architecture and moduvlar construction. However, traditionally
computer technclogy education is typically based on digital techniques, Kamaugh
maps ete. Operation on PCs at this level hardly exists any more. This problem is
exacerbated not only by the constant and rapid changes in technology but also the
requirement to teach computer technology to students from a wide range of
discipline such as multimedia. The authors therefore attempted to find an
alternative approach to teaching intreductory computer technology.

Constroctivism

Prior to examining how to improve student leaming we attempted to attain a deeper
understanding of how students learn and constrct knowledge. Constructivism is
the dominant theory of learning today. According to Ben-Ari commented, “if can
provide a new and powerful set of concepts to guide our debates on CSE
(Coniputer Seience Education) " (Ben-An, 1998). According to this theory students
have their own cognitive structures each of which is the foundation of the leaming
process, Computer Science and Multimedia students understand a PC very
differently. We attempted therefore to find a common conceptual framework held
by students, from different disciplines, as the basis for a cognitive structure that
could be modelled,

Moiels and Modeling

Models are used as a means of communication and controliing detail.
Diagrammatic models should have the qualities of being complete, clear and
consistent. Consistency is ensured by the use of formal rules and clarity by the use
of enly & few abstract symbols. Levelling, in which complex systems can be
propressively decomposed, provides completeness. According to Cooling (Cooling,
1991), there are two main types of diagram: high level and low level. High level
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dingrams are task oriented and show the overall system structure with its major sub-
units, Such diagrams describe the overall function of the design and intersctions
between both the sub-systems and the envirorment. The main emphasis is “what
does the system do’ and the resultant design is therefore 1ask oriented. According to
Cooling, “Good high-level diagrams are simple and clear, bringing ont the
exsentiol major features of a system™. By contrast, low-level diagrams are solution
oriented and must be able to handle considerable detail. The main emphasis is *how
does the system work™ However, all models should have the following
characteristics: diaprammatie, self-decumenting, easy to use, control detail and
allow hierarchical top down decomposition. Computer technology can be modelled
using symbolic Boolean algebra (NOR, NAND gates). These gates may be
implemented using solid-state ¢lectronic switches or even gas state electronics i.e.
thermionic valves, At this lower level, the busic implementations of solid state
switching may be described with models direetly relevant to engineers at this level
of aperation. Logic gates may be connected to create combinatorial and sequential
cirguits and hence functional units such as Read Only Memory (ROM) ete. Such
functione! units can also be modslled but using high level diagrams, The underlying
switching technology is not relevant at this higher leve! of abstraction.

At an even higher level of abstraction computer technelogy can be modelled as a
collection of programmable registers. Dasgupta [9] suggested computer architecture
has three hierarchical levels of abstraction. However, as suggested above, the PC is
now a low cost consumer item with a standard, heterageneous architecture and
modular construction. A higher level of model is therefore needed that is directly
relevani to this cument technelogy. Other high level models, expressed as
formalisms, exist with an associated mathematical framework and language.
Hardware Description Languages offer precise modelling notation, however such
notation may not suitable for a first year course in computer technology.

The PC — A Constructivist Nodal Model

‘We suggest that it is a comamon experience to perceive the PC as a modular device
{CDROM, Zip Drive, Modem ctc) used to store, view and process either local or
networked data. The traditional bettom up method of teaching computer technology
is not a good constructivist approach. Accordingly Scragg (Scragg, 1991)
recommends 2 top down appreach starting with material already familiar to
students and then working towards less familiar models, Clements sugpests that,
for example, a floppy disc drive may be considered as a loosely coupled Multiple
Instruction, Multiple Data (MIMD) device (Clements, 1989). A PC is therefore a
complex collection of heterogeneons devices interconnected by a range of bus
structures, However, from a user perspective, a PC is a low cost, storage device
capable of processing data. In this context we therefore define a PC as a MIMD
architecture of sub-units or nodes (Maj, 2000}. Each node (microprocessor, hard
disc drive etc) can be treated as a data source/sink capable of, to varicus degrees,
data storage, processing and trensmission. This simple, high-level, task oriented
moedel may provide a suitable conceptual map and hence the framewark for an
introduction to computer fechnology, Even though technical detail is lost, this
meodel is conceptually simple; controls detail by abstraction and may ellow students
to easily make viable construcis of knowledge based on their own experience.
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However, to be of significant walue this model must also be a tool that can actually
be used by students. We therefors examined PC performance to further develop this
model,

PC Performance - Bandwidth Nodes

senchmarks can be used to evaluate PC performances that, in conjunction with
factors such as price, ars an aid to selection, In an attempt to obtain more
meaningfil evaluations consumer magazines use Benchmark suites to evaluate
PC’s and publish their resuits (Australian Personal Computer, 1998). As a relative
guide Benchmarks are an aid 10 selection, however, all of these results must be
interpreted and many questions still remain for users. Typically the user is not able
to determine the type of scales used (linear, logarithmic ete) or the expected change
in performance with higher benchmeark values. Furthermore, as a user how is the
difference in performance manifested and perceived. We conclude that the plethora
of benchmarks, theugh useful, do not provide the basis of a coherent conceptual
maodel of a PC,

Any measurement standard, to be of practics! value to PC users, must be relevant to
human dimensions or perceptions and use units based on the decimal scaling
system. To g first approximation the performance of PC nodes can be evaluated by
bandwidth with units in Bytesfs. Though useful it may not be the best initial, vser
oriented unit - a typical user runs 32 bit windows based applications, The user is
therefore interacting, via a Graphical User Interface {GUI), with text and graphical
images.

For general acceptance a Benchmerk must be easy to understand and should
therefore be based on user perception of performance and as such be simple and use
reasonably sized units. We suggest that  useful unit of measurement is the display
of a single, full sereen, full colour image. For this paper we define a fuil screen
image as 1024 x 1280 with 3 bytes per pixel, which represents 3.75Mbytes of data.
The performance of a PC and associated nodes can still be evaluated using the
measurement of bandwidth but with the units of standard images’s or framess.
This unit of measurement may be more meaningful to a typical user because it
relates directly to their perception of performance. To a first approximation, smooth
mimation requires approximately 30 framesfs (112.5Mbytes/s), Obviously sub
multiples of this unit are possible such as quarter screen images and reduced colour
palette such as 1 byte per pixel. We have therefore a common unit of measurement,
relevent to common human perception, with decimal based units, that can be
applied to different nodes and identify performence bottlenecks. Each node
(microprocessor, hard disc drive etc) can now be treated as a quantifiable data
source/sink (Frames or Mbytes) with an associated transfer characteristic (Frames/s
or Mbytes/s). The nodes are now defined as B.nodes. This approach allows the
performance of every node and data path to be assessed by a simple, common
measurement — bandwidth. Where Bandwidth = Clock Speed x Data Path Width
{B = C x D) with the common units of Frames/s (Mbytes/s).
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The PC as a Bandwidth Node Model

The heterogeneous nature of the nodes of a PC is clearly illustrated by the range of
measurement units used varying from MHz fo seek times in millisecands,
Evaluation of these different nodes is therefore difficult. However, it is possible to
compare the performance of different nodes using the common measurement of
bandwidth in standard Frames/s or Mbytes/s. We can therefore analyse the PC as a
collection of B-Nodes with the units of Mbytes/s and Frames/s {Table 1). Given
that kMhytes and Mbytes/s may be considered as fundamental units ather derived
units may be used. Similarly the characteristics of the data frame may be changed
according to different applications more direcily relevant to users. In medical
applications radiolopy immages are often stored digitally. A single ultrasonnd image
represents approximately 0.26Mbytes of data (Dwyer, 1592), which at 30 frames
ver second is 7.8Mbytes/s.

Table 1; Bandwidth

Device Clock Data Bendwidth Bandwidth
Speed Width (Mbytes/s) {Frames/s)
(MHz) (Byles) B=CxD

Progessor 40D g 3200 853

DRAM 16 2 128 34

Hard Disc | 60rps G0Kbtytes | 5.2 1.4

CDROM 4.6 1.2

ISA bus 8 2 16 4.2

The performance of each device may be calculated using this metric. A PC can be
therefore undersiood as a hierarchical collection of nodes, interconnected by
different buses, operating at different bandwidths. We then examined if this
bandwidth node model was valid for increasing levels of technical complexity.

Sub-optimal Operation

Nodes typically operate sub-aptimally due to their operational limitations and alsa
the interaction between other slower nodes, For example, a microprocessor may
need two or more clock eyeles to execute an instruction, Similarly & data bus may
need multiple clock cycles to transfer a single data word, The simple bandwidih
equation can be modified to take this into account i.e. Bandwidth = Clock x Data
Path Width x Efficiency (B = C x D x E), The zarly Intel 8088/86 required a
memory cycle time of 4 clocks cycles (Efficiency = '4) however, for the Intel
80x86 series, including the Pentium, the memory cycle time consists of only 2
clocks (Efficiency = ¥4) for external DRAM (Mazidi & Mazidi, 1995}, A 100MHz
Pentjium has a therefore bandwidth of 400Mbytes/s, Other devices can similarly be
modelled. We conclude that the proposed simple bandwidth performance
measurement may be extended to accommedate the sub-optimal performance of PC
nodes, However, other factors not considered include the effects of compression,
operating system overheads etc, The effect of these is currently being examined.

Recursive Decomposition
Further experimental work has demonstrated that B-nodes allow recursive
decomposition, Hence a PC can be described as a B-node or a collection of devices
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all medelled 28 B-nodes. Each device can also be medelled as a collection of B-
nodes. By example a hard dise drive, itself 2 B-nede, can be decomposed into B-
Nodes that represent the electromechanical devices (tnotars, CHS architecture) and
the hard disc controller (ENDEC, ECC, etc).

Experimentel Results

We first established a general experimental method to determine data transfer rates
between nodes within a PC to eveluate the use of frames/s as a measurement of
performance. A C program was vsed to transfer data between two nodes, a Hard
Disc Drive (HDD) and Synchronous Dynamic RAM (SDRAM]), flagging the start
and stap of this operation on the paralle] port. An oscilloscope (100 micro second
resclution), connected to this port measured the data transfer rate in Mbytes/s. The
results obtained related directly to the manufactures technical specification of the
HDD. We were able 'c detect the influence of HDD caching and also track and
cylinder latency thus verifying the experimental method, A singie, uncompressed
640x480, 4bytes/pixel-video image was generated and transferred from the HDD to
both SDRAM and a third node, the videc adapter card, The data transfer rate from
HDD to SDRAM was 1.48Mbytesfs, which can be expressed as 1.21 frames/s,
From the HDD to video adapter card the data rate was 1.37Mbyies/s ie. 1.1
frames’s. The data transfer rate for the video card is 18.6Mbyles/s iel5.1 frames/s.
It was possible therefore to determine the relative performance of heterogenecus
devices and determine bottlenecks in the system,

Nodes as a Constructivist Framewark

As a resull of the injtial investigations at ECU a new curriculum was designed,
implemented and fully evaluated at ECU (Maj, Fetherston et al., 1998}, Unlike the
standard computer techinology curriculum students are not taught digital techniques,
assembly language programming ete. Rather the cumiculum is based on a
constructivist approech recommended by this paper. This curriculum has always
been oversubscribed, has 2 very low student attrition rate, and aitracis students from
other Faculties in ECU and students from other universities in the state. This tiew
curriculum, though perceived as valuable by students when first introduced,
arguably lacked a coherent conceptual framework. Last year we used B-nodes as
such a framework for the first time and evaluated the results. Using this conceptual
framework the PC is considered as # series of nodes whose performance is
measured by bandwidth (Frames/s). Using the standard compulsory ECU course
evaluation questionnaire the unit was highly rated by students, Furthermore, a more
detailed study was conducted to investigate student experience of the nodal
concept, From an enrolment of eighty students, forty were randomly selected and
given questionnaires. Thitty-six students thought the nodal concept should be
taught. Thirty-five students thought that this concept helped them understand
compuler technology, Thirty-five students thought that using a common unit
{Frames/s) helped in evaluating PC devices, Advantages of this model include:

s Students perceive the PC as 2 unified collection of devices based on

constructivist principles.
s Bandwidth in Mbytes/s can be considered as a fundamental unit from which
other units may be derived.



s B-Node performance, measured in bandwidih (Frames/s) is a user based, easily
understood measuremient.

s B-Nodes are independent of architectural detail and hence may be of value for
some time to come.
B-Nodes are diagrammatic, self-documenting, easy to use and control detail,
Using recursive decomposition B-Nodes can be used to model more complex
computer technology devices.

Conclusions

This paper proposes nodes, whose performance is rated by bandwidth {frames/s), as
the basis of an introduction to computer technology curticulurn. Work to date
indicates that modelling the PC as such a collection of nodes provides a good
constructivist framework allowing technical detail ta be introduced in a controlled,
top-down manner that is readily understandable to students from all disciplines.
The nodal medel provides abstraction and hence is independent of architectural
detail and can therefore sccommodate mapid changes in technolopy, Furthermere,
this technique supports more advanced studies in computer technology. However
further work is needed to investipate how the effects of overheads such as the
operating system can be incorporated into this model.
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3.2.4.5 Controlling Complexity in Information Technology: Systems and
Solutions

This paper (Maj & Veal, 2001), was presented at the International
Assaciation of Science and Technology for Development (IASTED) conference on
Computers and Advanced Technology in Education (CATE 2001). This
conference, held at BanfT, Canada, was a major conference venue in the field of

computer education.

This paper discuszes the topics of modelling digital infrastructure and the
Structured Systems Analysis and Design Method (SSADM) and its utilisation in the
selection of hardware, Also discussed is the lack of other suijtable software
engineering methods for such modelling. The application of B-Node concepts to E-
conunerce architecture is described. This paper alse considers the sub-aptimal B-
Node operation. Further consideration is given to B-Nedes and E-Business
architecture. Bandwidth in transactions per second is considered, as well as
concepts of relative frequency, which are applied 1o bandwidth equations, the
resulis are presented as are the findings from student questionnaires on B-Nodes

and E-commerce servers.

New knowledge presented via this paper evaluated the B-Node modeling
technique as = possible standard technique in structured systems analysis and
design for evaluating hardware performance. The application of B-Node concepts
to E-commerce servers and the evaluation of bottlenecks using derived units such
as transactions per second (ips) using B-Nodes. B-Node bandwidth formulae are
applied to Customer Mode! Behaviour Graphs (CMBGs) to evaluate bandwidth

demands of ecommerce servers under differing patterns of customer behaviour.
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Abstract

There exist a wide range of methods that can be used for the analysis and design of
IT systems. Some methods are based on a rigorous mathematical foundation (e.g.
VDM). Other, less formal methods provide a clearly defined structured framework
with associated tools and techniques. Uniquely soft system methodologies attempt
to capture the complexity of human interactions with IT systems. Regardless of
which type of method is used the final product must be a fully functioning IT
system that meets the requirements of the Service Level Agreement. However a
survey of a wide range of methods and a detailed enalysis of one structured method
indicated the lack of a simple method for modeling hardware, This paper evaluates
the new B-Node modeling technigue as a possible standard technique in structured
systerns analysis and design for evaluating hardware performance. The use of B-
nodes as a pedagogical framework has been successfully evaluated and the results
are presented.

Keywaords: Systems Analysis and Design, modeling, B-Nodes

Iatraduction

In order for any Information Technology system (e.g E-Commerce, Digital
Library) to provide a prompt and possibly worldwide service they must be based on
& complex infrastructure of hardware and software. Furthermore this system must
provide a Quality of Service o meet the Service Level Agreement. In order to
contro! the complexity associated with designing an IT system standard analysis
and design methods are vsed. There are a wide range of methods that variously
employ different modeling tools and technigques. A method consists of phases or
stages that in themselves may consist of sub-phases. There exist a wide range of
methods that include ad hoc ¢Jones 1990), waterfall (Royce 1970), participative
(Mumford and Wier 1979), soft systems (Checkland 1981), prototyping
(Nauumann and Jenkins 1982), incremental (Gibb 1988), spiral (Boshin 1984),
reuse {Matsumoto and Olmo 1989), formal (Andrews and Ince 1991), rapid
application development (Martin 1921), object oriented {Coad and Yourdon 1991)
and software capability (Humphrey 1990). Some systems development methods
only stress the technical aspects. It can be argued that this may lead to a less than
idesl solution gs these methads underestimate the importance and difficulties
associated with the human element. Regardless of the underlying theme of each
information systern all methods must provide techniques for modeling data,
processes and systern functions. However this wide variety of modeling techniques
and ossociated metrics may in itself problematic and arguably adds to the
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complexity. Furthermore, there appears to be no simple technique that will medel
the digital infrastructure (hardware and software) to determine if it will perform to
an acceptable standard required by the analysis and desipn specifications. The
Structure Systems Analysis and Desipn Method (SSADM) was evaluated in-depth
as a method for develaping an information system.

Structured Systems Analysis and Design Method

SSADM is mandatory for UK central povernment software development projects.
This method is sponsored by the Central Computer and Telecommunications
Agency (CCTA) and the National Computing Centre (NCC) thereby further
ensuring its importance within the software industry within the UK. SSADM is a
framework employing 2 wide range of techniques (Data Flow Diagrams, Entity
Muodels, Entity Life Histories, Normalization, Process Qutlines and Physical Design
Control). SSADM is divided into six stages (Analysis, Specification of
Requirements, Selection of System Option, Logical Data Design, Logical Process
Design and Physical Design). The Physical Diesign transfates the logical data design
into the database specification and the logical process designs into code
specifications, SSADM is recognized to be a highly structured method with
numerous cross checks to ensure quality control.

The final stage of SSADM (Physical Design stage) includes & step called, ‘Create
Performance Predications and Tune Dresign {Step 630)°. The objectives of this step
are to produce a taned physical data and process design that meets the Performance
Objectives previously agreed with users in a previous stage. SSADM provides tools
that allow the estimation of storage requirements. From the Composite Logical
Data Design and Logical Design Volumes, detailed information about the data
volumes may be extracted, Tt is passible to obtain detailed information about: data
space for each data group, volumes of each data group, volumes of relationships,
variance of volumes over time ete. According to Ashworth, “The basic approach to
timing is to calenlate the disk access time and CPU utilization time for each
transaction. The actual elapsed time taken by a transaction (or respanse time for
an on-line transaction} will probably be several times larger than that calewlated.”
And furthermore, “The prediction of overall system performarce is a difficult area
and there are several stmulation programs and experts system programs available
which aitempt to predict and improve systent performance either generally or for
specific hardware and software.” (Ashworth and Goodland 199G)

Other than this there are no simple tools or technigues that can be used for the
selection of hardware, Furthermoere, SSADM employ a range of different,
heterogeneous performance metrics that include: MPS, CPU time, disk access time,
number of instructions per database call ete, Such benchmark metrics are in
themselves problematie,

Benchmarks - Background

There are wide ranges of different metrics that are used to describe the performance
of a computer system, Benchmarks, in conjunction with factors such as price, are
an aid to selection. Benchmark programs considered directly relevant to a typical
single user, multi-tasking environment running a de facto standard suite of 32 bit
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applications include : AIM Suite III, SYSmark and Zifi-Davis PC Benchmark.
Consumer magazines use Benchmark suites to evaluate PC’s and publish their
results (PCs 1998) (Table 1).

Table 1: PC Benchmark Suite

Benchmark Gateway G 300 IBM Aptiva EQ3
Business Winstone 98 20.63 18.33
CD-ROM WinMark 98 : Overall | 1,556.67 1,350
CPUmark 32 772 550,33
Business Disk WinMark 98 1,380 939
High-End Disk WinMark 98 3,783.33 2,736.67
Business Graphics WinMark 98 | 93.13 105.67
| High-End Graphics WinMark 98 | 146 130

As a relative gnide Benchmarks are an aid to selection, however, all of these results
must be interpreted and many questions still remain for users, Questions include:

= What difference in performance can a user expect if the benchunark value
result is higher by 1 or 2 units or by a factor of 10 or more? For example,
what difference in performance would a user expect between an IBM
Aptiva EQ3 (Business Disk WinMark 98 value of 939) and a Gateway G&
300 (Business Dvisk Win Mark 98 value of 1,380)?

» Are the scales linear, logarithmic, hyperbelic?
+ What units are used? Droes each Benchmark define their own (unspecified)
units?

* Asa user, how is the difference in performance manifested and perceived?

How can different types of devices be compared, e.g, how can the performance of a
hard disc drive be compared to 2 microprocessor? Lilja defines the characteristics
of a good performance tneiric and concludes, “4 wide variety of performance
meirics has been proposed and used in the computer field. Unfortunately, many af
these metrics are nof good in the sense defined above, or they are often used and
interpreted incorrectly” (Lilja 2000). Measurements are used to make, exchange,
sell and control ohjects. According to Bamey, "4 measurement is the process of
empirical objective assignment of numbers ta properties of objects or events in the
real world in @ way such as to describe them” (Barney 1985). History has many
examples of measures in the search for wseful standards. Early Egyptians defined
one finger-width as a zebo and established an associated simple, reproducible and
denary scale of standard measurements. It is significant that human dimensions
were used as the basis of one of the first slandards, The System International (SI)
system meets the ancient requirements of simplicity and ease of use due to
reasonably sized units. Measurements, therefore, require;

Definition of units (relevant to hurnan dimensions or perceptions)
Establishment of standards
Use of 81 units (i.e. decimal scaling system)

Derivable uniis
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Given thesg required characteristics of performance metrics we examined some of
the principles of modeling as the basis of the design of 2 new technique for
modeling hardware,

Models and Modeling

Models are used not only as a means of communication and controlling detail but
may also forming the basis of a conceptual understanding of a system. According
to Cooling there are twn main types of diagram: high level and low level. High-
level diagrams are task oriented and show the overall system structure with its
major sub-units. Such diagrams describe the overall function of the design and
interactions between both the sub-systems and the environment. The main emphasis
is “what does the system do’ and the resnitant design is therefore task oriented.

According to Cooling, “Good high-level diagrams are simple and clear, bringing
out the essential major features of a system” {Cooling 1991). By conirast, low-
level diagrams are solution oriented and must be able to handle considerable detail.
The main emphasis is *how does the system work’. However, all models shauld
have the follewing characteristics: diagrammatic, self~documenting, easy to use,
contro] deteil and allow hierarchical top down decomposition. In effect models
provide abstraction to control complexity and change. There have been, and may
continue o be, many technical developments that impact on computer and network
technology education. Clements makes the point that, “For example, the generation
of students studying electronics in the 1950's leaned about the behavior of
efectrons in magnetic fields. The next generation stidied transistor civeuits, and the
one after that studied integrated circuirs. The traditional logic course changes
rapidly.” (Clements 2000).

Digital techniques and modeling provide an abstraction that is independent of the
underlying details of transistor theory. Such combinational or sequential circuits
can be described without the complexity of their implementation in different
switching technelogies e.g. Transistor-Transistor Lagic (TTL), Complementary
Metal Oxide Semiconductors (CMOS) eic. Similarly details of semiconductor
switching may be modeled using abstractions imdependent of the underlying details
of quantum mechanics, Computer and network technology can therefore be
described using & progressive range of models based on different levels of detail
e.g. semiconductors, transistors, digital circuits, registers, device controllers,
clients, servers etc, Each moedel is valid in the context in which it is used. All such
models arc designed to progressively hid and hence control detail and yet still
provide sufficient information to be useful for communication, design and
documentation. This is in keeping with the ACM/EEE Computing Curricula 1991
in which abstraction is a recurring concept fundamental to computer science
(Tucker, Bames et al. 1991).

A PC can be described as a collection of sub-modules (microprocesser, electronic
memory, hard disc drive etc) arranged in a memory hierarchy {(Hwang and Briggs
1987). The performance of a PC depends therefore on the performance of
individual sub-modules, However, the sub-modules employ different technologies
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(electronie, electromechanical etc) and there exists therefore a wide range of
performance metrics that include: MHz, nanoseconds, tpm, seck time, latency etc.
The direct comparison and evaluation of these heterogeneous modules is therefore
problematic. Furthermore, there appears to be no simple model that can be used to
describe these sub-modules, A new higher-level abstract model of computer and
network technology and associated metric is needed not only as a commercial tool
but also as a new pedagogical tool.

Bandwidth Nodes

A PC and its associated sub-modules {microprocessor, electronic memory, hard
disc drive etc) may be modeled using B-Nodes (Maj, Veal et al. 2000), Each B-
Mode can be treated as a data sourcefsink capable of, to various degrees, data
storege, processing and transmission. The performance of each B-Node may be
calculated, to a first approximation, by Bandwidth = Clock Speed x Data Path
Widlh (B = C x D) with units in either MBytes/s or Frames/s, A frame is defined as
1024x1024 pixels with a color depth of 3 bytes per pixel i.e. 3MBytes. This simple,
high-level, task oriented model may provide a snitable conceptual map and hence
the framewerk for an introduction to computer and network technology. Even
though some technical detail is lost, this model is conceptually simple, controls
detzi! by abstraction and may allow students to easily make viable constructs of
knowledge based on their own experience. This is in keeping with constructivist
principles as a top down approach starting with material already familiar to students
and then working towards less familiar models. The units Frames/s may be more
meaningful to a typical user because it relates directly to their perception of
performance, To a first approximation, smooth animation requires approximately
30 Frames/s (90MByles/s), The performance of each B-Node may be calenlated
using this metric. The use of B-Nodes using the performance metrics of Mbytes/s
and Frames/s has been confirmed experimentally (Maj, Veai et al. 2000). We have
therefore a common unit of measurement, relevant to common human perception,
with decimal based units, that can be applied 1o different nodes and identify
performance bottlenecks.

The heterogeneous nature of the modules of a PC is clearly illustrated by the range
of measurement units used warying from MHz to seek times in milliseconds.
Evaluation of these helercgencous modules, each using different units of
measurement, is therefore difficult, However if the modules are modeled as B-
Nodes commen units of measurement may be used - either Mbytes/s or Frames/s.
The vse of simple, fondamental units allows other units such as frame transfer time
to be easily calculated. This allows the performance of heterogeneous mnits to be
directly compared (Table 2) using the same units. The B-Nade model has been
successfully applied to a wide range of PC architectures allowing a direct
comparison not only between different B-Nedes within a given PC but also
comparisons between different PC's,

Using B-Nodes it was passible 1o analyze PC’s with different Intel microprocessors
(BOE8/G, 286, 386, 486 etc,) and various associated bus structures (Micro Channel
Architecture, Extended Industry Standard Architecture, Video Electronic Standards
{VESA) Local Bus).
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Table 2: Bandwidth

Device Clock Speed | Data Width | Bandwidth Bandwidth
(MHz) {Bytes) {MBytes/s) {Frames/s)
Processor | 400 B 3200 1066
DRAM 16 (60ns) ] 128 42
Hard Disc | 60rps 90Kb 54 1.8
CDROM {30 speed) 4.6 1.5
ISA Bus 8 2 16 53
Etharnet 100 1/8 12.5 4,1

Sub-optimal Operation

B-Nodes typically operate sub-optimally due to their operational limitations and
also the interaction between other slower nodes. For example, a micropracessor
may need twe or more clock cycles to execute an instruction, Similarly a data bus
may need multiple clock cycles to transfer a single data word. The simple
bandwidth equation can be modified to take this into account ie. Bandwidth =
Clock x Data Fath Width x Efficiency (B = C x D x E), The early Intel 8088/86
required a memory cycle time of 4 clocks cycles (Efficiency = ') however, for the
Inte} BOx86 series, including the Pentium, the memory cycle time consists of only 2
clocks (Efficiency = 1) for external DRAM. Efficiencies can be caloulated for each
device and the performance calculated accordingly {Table 3).

Table 3: Bandwidth with Efficlency

Device Efficiency Bandwidth Bandwidth
{MBytes/s) {Frames/s}
B=CxDxE

Processor | 0.5 1600 533

DRAM 0.5 64 2]

Hard Disc | 0.5 27 0.9

CROM 0.5 23 0.8

ISABus | 025 4 1.3

Ethemet | 0.9 11.25 3.8

Further experimenta!l work hgs demonsirated that B-nodes aliow recursive
decomposition. Hence a PC can be deseribed as a B-node or & collection of devices
{processor, DRAM, hard disc drive etc) all modeled as B-nodes. Each device can
also be modeled as a cellection of B-nodes, By example a hard disc drive, itself a
B-node, can be decomposed into B-nodes that represent the electromechanical
devices (motors, CHS architecture) and the hard disc controller (ENDEC, ECC,
etc). However, other fagtors net considered include the effects of compression,
operating system overheads etc.. The effect of these is currently being examined,

B-Nodes and e-Busincss Architecture

Using a structured systems analysis and design method, such as SSADM, it is

possible to design a database for an e-business system. For such a system the

Customer Model can be used to describe the user behavior patiems in which the
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number of clients, type of resources requested, pattern of usage ele are all used to
determine the workload characteristics, Workload characteristics, in conjunction
with the resource infrastricture mode] will determine site performance and whether
or not the Service Level Agresmenis can be met. Customer Behavior Modeling
metheds have been successfully used to determine aggregate meftrics for E-
Commerce web sites (Menasce, Almeida et al. 1999), Using these various models it
is possible to obtain a wide vatiety of different performance metrics that include:
Hits/s, Page Views/Day, Unique Visitors ete.

Furthermore, the SSADM method employs a range of different, heterogeneous
performance metrics that include: MPS, CPU time, disk access time, number of
instructions per daiabase call etc. Given this wide range of different units
performance evaluation is problematic. By example how can the units of Hit/s be
used to select the bus structure of a PC? However, if & web server {s modeled as a
B-Node then the performance metric is bandwidth with units of Mbytes/s,

The sub-modules of & server (microprocessor, hard disc, electronic memory etc)
and also be modeled as B-Nodes, again using the same performance metric, The
use of fundamental units (Mixytes/s) allow other ugits to be derived and used e.g.
transactions per second (ips). Assuming the messages in a client/server interaction
arv 10kbyies each, the performance of each B-Node can be evaluated using the
units of transactions/s (Table 4)

Table 4: Bandywidth
Device Bandwidth | Bandwidth | Load Utilization
(MBytes’s) | (tps) {ips)
Processor 1600 160k 250 <1%
DRAM 64 6.4k 280 4%
Hayd Disc 2.7 270 230 93%
CROM 2.3 230 250 >100%
ISA Bus 4 400 250 3%
Ethernet 11.25 1.1k 250 3%

If the demand on this server is 250 Transactions/s it is 4 simple matter to determine
both performance bottlenccks and also the expected performance of the equipment
upgrades. From table 4 it is possible to determine that for this web server, the hard
disc drive, CDROM and ISA bus are inadequate. The metric of transactions/s can
easily be converted to the fundamental unit of Mbytes/s, which can then be used to
determine the required performance specification of alternative bus structures,
CDROM devices and hard discs. A PCI (32 bit) bus structure is capable of
44Mbytes/s. A 40-speed CDROM device has a bandwidth of approximately
6Mbytes/s. Similarly replacing the single hard disc drive by one with a higher
performance specification (rpen and higher track capacity) results is a new server
capable of meeting the required workload (Table 5). Capacity planning is the
process of predicting filure workloads and determining the most cost-effective way
of postponing system overload and saturation. Assuming that the web traffic is
anticipated to rise to 550 transactions/s — the current single server solution will be
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inadequate. To zccommodate much higher web fraffic a typical e-business
configuration may consist of a front-end Web server, a Secure Web server, a
Payments server, an Application server and a Database server.

Table 5: Uppraded Server

Device Bandwidth Bandwidth Load Utilization
(MBytes/s} (Tps) (Tps)

Processor 1600 160k 250 <1%

DRAM 64 6.4k 250 A%

Hard Disc 12.5 1.25k 250 20%

CROM 6 0.6k 250 42%

PCI Bus 66 6.6k 230 4%

Ethemet 11.25 1,1k 230 23%

Assuming each server is a separate device connected by a 100Mbps Ethernet link it
is passible to model this configuration using B-Nedes. Each server represents a B-
Node. The communication link may be represented as a directed arc {arrow)
annotated by its bandwidth performance (units MBytes/s or Transactions/s). Using
Customer Behaviour Model Graphs (CBMG’s) it is possible to evaluate the relative
frequency that each dedicated server is used. Assuming probability based on
relative frequency our performance equation is now Bandwidth = Clock Speed x
Data Path Width x Efficiency % Frequency (B = C x D x E x F). For each server the
results ¢an be tabulated (table 6).

Table 6: E-Commerce Servers

Netwark F Actuzl server load Actual
Bandwidth (Mbytes/s) server foad
(Tps) (Tps)
Web server L1k 0.5 5.625 0.55k
Secure server 1.1k 0.05 (1.5625 0.055k
Payment server 1.1k 0.05 0.5625 0.055k
Database server 1.1k 0.2 2.25 .22k
Application server | 1.1k 0.1 1.125 0.11k

The load data obtained from table 6 can then be used to evaluate the performance of
the individua! components in each server. In the case of the Web server the actual
load is 3.625Mbytefs {0.55kTransactions/s} from which the utilization of each
module ¢an be evalnated (table 7}.
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Table 7: Evaluation of E-Commerce Web server

Web Server Bandwidth Load Utilization
(Tps) (Tps)
Processor 160% 550 <1%
DRAM 6.4k 550 9%
Hard Dise 1,25k 550 44%
CROM 0.6k 550 92%
PCI Bus 6.6k 550 8%
Ethemet L1k 550 S50%

B-Nodes as a Pedagogical Framework

Clements comments, "Whife the imowledge base academics must teach is
continually expanding, only a fraction of that knowledge can be laught during a
student’s time at a university. Conseguently, academics must continually examine
and update the curriculum, raising the level of abstraction” (Clements 2000).

A new curriculurt based on B-Nodes was designed, implemented and fully
evaluated at ECU (Maj and Veal 2000). Unlike the standard computer technology
curiculum students are not taught digital techniques, assembly language
programiming etc, This new curriculum has always been aversubscribed, has a very
low student atirition rate, and attracts students from other Faculties in the university
and students from other universities in the state. Using the standard compu!sory
ECU course evaluation questionnaire the unit was highly rated by students.
Furthermore an educational experi conducted an in-depth analysis with very
positive results (Maj, Fetherston et al. 1998),

In addition to this a mote detailed study was conducied to investigate student
experience of the B-Node concept. From an enrolment of eighty students, forty
were randomly selected and given questionnaires. Thirty-six students thought the
B-Node concept should be taught. Thirty-five students thought that this concept
helped them understand computer technology. Thirty-five students thought that
nsing a common unit {Frames/s) helped in evalvaling PC devices. As a result of the
evaluation, one student wrote;

"“The lack of meaningfid and comparable technival specifications makes the task of
caleulating the performance of 8 PC and its individual compornents a difficult one.
The computer industry appears to be a law wnto oneself, with incomplete or non-
existent technical specifications. The use of standards, terms and abbreviations that
are hol comparable across different systems or manufacturers. This all leads 1o
[frustration and confusion from consumers and users of these computer systems and
coniponents”

And for a given technical specification the student wrote:

"Sounds impressive, yet by undertaking the exercise of converting to the
coniponents common units the relative performance of the PC and its individual
components can be measured and conclusions drawn. You will finally be able to
see exactly what you are purchasing, its strengths, weaknesses and overall value"
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Advantages of the B-Node model include:
s Students perceive the PC as a unified collection of devices based on
constmetivist principles.

s Bandwidth in Mbytes/s can be considered as a fundamental unit from which
other units may be derived.

. B-Nodes are independent of architectural detail and hence may be of value
for some time to come.

» B-Nodes are diagrammatic, self-documenting, easy to use and control
detail.

» Using recursive decomposition B-Nodes can be used to model more

complex computer technology devices.

Conclusions

A survey of a wide range of methods and a defailed analysis of one structured
method (§SADM) indicated the lack of a simple method for modeling hardware, A
possible modeling method is B-Nodes, B-Nedes are o simple, easy to use,
diagrammatic and seli-documenting medeling technique. They are scalable and can
be used for PC modules (microprocessor, hard disc eic) and a network of e-
commerce servers. The use of recursive decomposition allows detail 10 be
controlled. A server may be modeled as a B-Node or collection of B-Nodes
{microprocessor, hard disc etc). Each of these B-Nodes may forther be modeled as
a collection of other B-Nodes. B-Nodes use a fundamental performance metric
{Mbytes/s) from which other, more meaningful metrics may be derived. As B-
Modes use abstraction they are independent of underlying technologies and are
applicable not only for old and current technoiogies but may well be of value for
some time to come. From the results to date the use of B-Nodes as a tool in systems
analysis and design methods is to be recommended. B-Nodes have been used and
the pedagopical basis of a new technology curriculum and successfully evaluated.
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3.2.4.6 Modelling Website Infrastructure Using B-Node Theory

This paper (Kohli, Veal, & Mai, 2003) was presented at the 9th Australia
and New Zealand Systems (NNZS5YS) Conference, held in Melboume Victoria.
This conference is a leading intemational conference held in the Australasian

region and brings together theoreticians and practitioners in the systemns field,

This paper considers both the importence of the medeling of web systems
and the application of B-Node theory to this problem domain. Models and
modelling are considered along with the importance of modelling web
infrastructure down to the hardware level from a consideration of the workload on
the system. A range of methods used to evaluate website performance are
considered. Experiments undertaken by the authors to evaluate simple internetwork

performance in a laboratory situation are described,

Additional new knowledge includes results of experiments using the B-
Node modef to test bandwidth using FTP between hosts, the application of B-Node
theory to bottleneck location, with results and confirmation of the minimum
bandwidik node being the bottleneck. Latency was subsumed into the resulting
bandwidth via the caleulations used in the B-Node analysis.
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Modelling Website Infrastructure using B-Node Theory

G. Kohli, D. Veal & S.P. Maj
School of Computer and Information Science
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{zr.kohli,d.veal,p.maj)@ecu.cdu,an

Introduction:
A large volume of business is canducted via the Intemnet (Schneider & Perry, 2000}).
However, this has resulted in increased transaction delay times as systems and
computer networks become overloaded (Devlin, Gray. J, B, & .G, 1999). Surveys
- and studies indicate that slow downleading time is the most often cited reason that
an online customer leaves a site and searches for another vendor's site {(Bakos,
1998). According to Shklar: “Sites have been concentraiing on the right content”,
Now, more of them specially e-commerce sites realize that performance is crucial
in attracting and retaining ondine customers.” (Shklar, 1998), The performance of
an Internet site is dependant not only upon the behavier of end users using that site
but also the performance of the technologies employed. Currently there are a
number of different models for defining e-business web sites performance, such as
the ‘business”, ‘functional’, 'customer’, and ‘resource’ madels (Menasce, Virgilic,
& Almeida, 2000), The Customer Behavior Modeling Graph (Inverardi & Wolf,
1995) {Union, 1996) and Client /Server Interaction Disgrams {CSIDs) (Stohr &
Kim, 1998) are techniques that can be used to capture the navigation pattemns of
customers during site visite and hence obtain quantitative information on
workloads. However, although these models attempl to predict user behavior, they
do not provide information about the actual load on the systems mnning on such
sites. In the fina]l analysis user Joad must be translated o hardware requirements
thereby allowing performance bottlenecks to be identified. Hewever, such problems
associated with infrastructure design are non-trivial, According to Fenik "Being
able 1o manage hit storms on comnierce sites requires more then just buying more
plumbing.” (Fenik, 1998). In order to predict the workload characteristics of e-
commerce sites, effecive moedelling needs 1o be undertaken to determine key
bottlenecks within the system. It is therefore necessary to investigate difTerent types
of models which could be used to model the infrastructure of e-commerce web
sites.

Model Requirements:

Models are used not enly as a means of communication and controlling detail but
may alsa form the basis of a coneeptual understanding of a system. According to
Cooling there are two main types of diagram: high level and low level {Booch,
James Rumbaugh, & Jacobson, 1999; Cooling, 1991). High-level diagrams are task
otiented and display overall system structure and major sub-units. Such diagrams
describe the overal! function of both the design and interactions between both the
sub-systems and the etivironment. The main focus is upon finding answers 1o the
question what does the system do? According to Cooling, “Good high-level
dingrams are simple and clear, bringing out the essential major features aof a
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systent” (Cooling, 1991). By conirast, low-level diagrams are solutfon oriented and
must be able to handle considerable detail. The main etnphasis is ‘how does the
system work', However, all models should have the following characteristics:
diggrammatic, self-documenting, eesy to uss, control detail and allow hierarchical
top down decomposition. For example, the Data Flow Diagram {(DFD)
{Hawryszkiewycz, 2001) model ensbles a complex system to be partitioned (or
structured) into independent units of an amenable size so that the enfire system can
be more easily understood, It is possible, therefore, to examine a system in
overview and with increasing levels of detail, whilst maintaining links and
interfaces between the different levels. DFD's are not only simple, but also
graphical; hence they serve not only as documentation but also as & communication
tool (Pressman, 1992), DFD's are therefore a top-down diagrammatic
representation of informaticn flow within a system, and are a means of defining the
boundaries and scope of the system being represented, checking the completeness
of the analysis and providing the basis for pragram specifications, This technique
is relatively simple 10 use, yet powerful enough to control complexity during the
analysis and design of both small and large systems. It is recognized that
comtnunication with end users is especially important as this helps to validate a
medel for correctness. There are various high level models that are used to evaluate
web site performance.

Web Performance

There arz various well established methods for evaluating Internet site performance
(Menasce, Almendia, & L.Dowly, 1994). The Customer Behaviour Modeling
Graph (CBMG) can be used to measure aggregate metrics for web sites (Menasce
& Almendia, 1999). Using this modeling technique it is possible to obtain a wide
variety of different performance metrics that include: hits/s, unique visitors elc.
However, when using this technigue it is not possible to relate these metrics to
hardware specifications, The Client /Server Interaction Diagrams {CSIDs) (Stohr &
Kim, 1998) ¢an be used to capture the navigation patterns of customers during site
visits and hence obiain quantitative information on workloads, However, it does not
provide any insight into how the workload will affect the underying infrastructure.
Furthermore, the World Wide Web (WWW) has some unique characteristics that
distinguish it from traditional systems (Almedia, Bestravos, Crovella, & Oliveira,
1996; Almeida, Virgilio Almeida, & Yates, 1997; Arlitt & Williamson, 1996;
Mopul, 1995). Firstly, the nnmber of WWW clients is in the range of tens of
millions and rising. Secondly, the randomness associated with the way users visit
pages makes the problem of workload forecasting and capacity planning difficult.
{Menasce, Almendia, & Dowdy, 1994).

Benchmarks are the standard metrics used in defining the scalability and
performance of a given piece of hardware or software. For example the Adaptive
Computing System (Sanjaya, Chirag, & John, 2000) is a collection of benchmarks
that focus upon specific characteristics from the start of a computation untl iis
completion, Benchmarks evaluate the ability of a configurable computing
infrastructure to perform a varicty of different functions. SPECWEB and TPC-C
(Stnith, 2000) are notable benchmarks in the e-business environment, These
benchmarks come close to repTesenting the complex environment of an e-business
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workload. Benchmark programs are used for evaluating computer systems.
Different end user applications have very different execution characteristics; hence
there exists a wide range of benchmark programs. The four main categories are:
science and engineering {examples imclude; Whetstones, Dhrystones, Livermore
loops, NAS kernels, LINPACK, PERFECT club, SPEC CPU), Trensaction
Processing (for example; TPC-A, TCP-B, TPC-C), server and networks (examples
include; SPS/LASSIS, SPEC web) and general use (examples include; AIM Suite
M, 8YSmark, Ziff-Davis PC Benchmark). However none of these benchmarks are
directly relevant to E-commerce web transactions. The Transaction Processing
Couneil introduced the TPC-W that simulates the workload aetivities of a retail
stere Web sites (Smith, 2000). In the TPC-W standard the products are books and
the nser is emulated via a remote Browse (hat simolates the same HTTP traffic es
would be sgen by a real customer using the browser. E-business sites have {ransient
saturation so it is hard to use these benchmarks to get the correct idea about the
actual load generated on the web servers. Benchmarks currently in use fail to
measure the web performance characterisiics, whilst others may be incorrectly
interpreted {Humphrey, 1990; Lilja, 2000)., According to Skadron, “Research
canno! pursue futuristic investigation when they are limited to systems for which no
benchmark programs are avallable. The current short coming in computer systens
evaluation could ultimarely even obstruct the inmovation thar is driving ithe
information technology revolution™ (Kevin Skadron et al,, 2003). Furthermore the
basic problem still remains. Using benchmarks it is not possible directly relate the
technical specification to the metrics used in the service level agreements. The
difficulties of developing effective models for large netwoerks are becoming greater
as noted by Clark, "ds networks grow to connect millions of nodes, and as these
nodes all communicate in unpredictable patterns, the resulting behaviour becomes
very difficult to model or predicts” (Clarke & Pasquale, 1996). The question was
then asked, what methods do IT web site managers use to design and manage the
performance of an Internet web site?

Commercial Practices

A questionnaire was distributed to several small to medium size companies in
Western Australia. The results indicated that infrastructure requirements were
typically based upon past experience and also purchasing the highest perfermance
equipment within budget constraints (Maj & Kohli, 2002). Alternatively companies
outsourced this problem to vendors. These approaches arc arguably entirely
unsatisfagtory as they relegate IT systems analysis to conventional ‘wisdom’ and
mythology (Maj & Kohli, 2002). None of the companies analysed employed any
techniques for modelling infrastructure performance. The scope of the ebove survey
is currently being extended both within Australia and intemationally, From the data
gathered to date it can further be coneluded that most companies where not aware
of an effective model that coukl applied to effectively mode! e-commerce website
workloads. Hence there is current need for such a new model in this area.

Modelling infrastructure Using B-Nodes

Computer and network equipment is complex. Furthermore they use a wide range
of heterngeneous technologies with different performance metrics. By example
hard disc drive performance is often quoted in rpm; electronic memory
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performance is quoted in nanoseconds; microprocessor performance is quite in
MHz ete. This results it two problems. Firstly the performance of a web site (server
with switches, tubs etc) depends upon the speed of the slowest device, It is not
possible, using these metrics, to easily determine the relative performance of each
device. Is 10ns electronic memory faster or slower than a 1GHz microprocessor?
Secondly it is difficult to relate the technical performance metrics to user
requirerients defined in the Service Level Agreement. Can a hard disc drive
operating at 5,000 rpm deliver 100 web pages per minute? The B-Node model was
proposed to address these problems (Maj & David Veal, 2000). The B-Node model:

» Can be used to model a wide range of computer and network fechnology
equipment

o [s diagrammatic, self documenting and easy to use

e Tses recursive decomposition, hence can be used to model both small
systems {e.g. a server} or a larger system (e.g. an Intranet)

» Uses a common performance metric (Mbytes/s). Hence the performance of
heterogensous technologies can easily be compared

s Uses a common fundamental unit (Mbytes/s) allowing other units to be
derived. Henge it is possible to define the performance of a wide range of
different technologies using, for example, a common, derived metric such as
web pages per second.

The B-Node model has been used 1o model an E-commerce server and hence
identify hardware bottlenecks. It has also been used to evaluate the performance of
different E-commerce serves (Web server, payment server etc) {Maj, Veal, &
Boyanich, 2001). However, the use of bandwidth as a sole indicator of performance
mzy be problematic. According to McComas notes there are problems due to
bandwidth and latency (McComas, 2001b), as does Buzen and Shum, (Buzen &
Shutn, 1996b). This point is alse made with respect to netwark technology by
Openhiemer

"It is possible to improve throughput suck that more data per second Is
transmitted, but not increave goodput, becnuse the extra date transmitted is
overhead or refransmissions ...more data Is transmitted per time, but the user sees
worse performance, ...most end users are concerned about throughput rate for
applications, Marketing materials from some networking vendors refer o
application-tayer thronghput as ‘geodput’. Calling it goodput sheds light on the
Jact that it is a measurement of good and relevant application-layer data
trunsmiited per unit time" (Oppenheimer, 2001),

In effect, it is possible to have higher bandwidth but it is not being vsed effectively
to transfer data. Hennessy also notes the:

*... pitfall of using bandwidth as the only measure of network performance. ... this
may be true for some applications such as video, where there is little interaction
benwveen the sender and the receiver, but for many applications such as NFS, are of
@ request-response nature, and so for every large massage there must be one or
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more small messages ... latency is as important as bandwidii” (Hennessy &
Patterson, 1996a).

In spite of this the B-Node mode! has many potential advantages and it may be
possible to address the latency issue.

Using B-Nodes to Measure Network Technology Performance:

A wide range of different files were transferred between two PCs using a simple
cross over cable using FTP. This represented the base line performance. Then a
range of different networking technologies were intreduced and the performance
measured, In order to address the preblem of latency the authors have subsumed the
effects of latency under a definition of bandwidth. Namely bandwidth = the size of
the file in Mbytes / total time to send that file;

B= L]f TT
Where Tr=1 +1,
B = (hits passed)/ (time taken to pass those bits}
L, = Length of the files in Mbytes.
ty= Time required to transfer the file
t. = Latency measured in {msec)

Table ! shows a summary of varjous devices with respect to bandwidth using File
Transfer Protocol (FTP):

Technology Bandwidth (Mbytes/s)
PC crossover cable PC 11.5
PC switch PC 11.5
PC router PC 7.3

Table 1 B-Node performauce figures (Mbytes per second)

The crossover cable between two PCs can be tnodelled as a B-Node with a
performance of 11.5Mbytes/sec. A switch can be modelled as a B-Node with a
performance also of 11.5Mbytes/sec. In effect a switch works at “wire speed’ and
has no measurable affect on performance. A router modelled as a B-Node gives a
performance of 7.5 Mbytes/sec. The use of common fundamental units allows two
different technoiogies (layer 2 switches and layer 3 routers) to be compared.
Furthermore, cotnmon derived units can be used. Assuming the messages in a web
transaction are 10 Kbytes each and the load is 1000 per second. It can then we
concluded from Table 2 by introducing a Router will create a bottleneck in the
system as the utifisation is more then 100%. Additionally it is possible to identify,
using meaningful metrics the relative performance of each technology which can
then help network designer to better design web sites infrastructure.
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Technology Bandwidth Transaction Load Utilization
{Mbytes/s) size (Kbytes)

PC crossover|11.5 10 1000 86%

cable PC

PC switch PC | 11.5 1¢ 1000 86%

PC router PC ) 7.5 10 1000 133%

Table 2 B-Node performance figures (Transactions per second)

The authors are further developing the experiment by taking into account different
protocol like HTTP and HTTPS and the nse of Access control list (ACL).

Conclusion;

The performance of Network application affects the productivity in many areas: e-
commerce, 3 mode] base approach provides a good foundation for developing
solutions to these problems. The B-Node model is simple, diagrammatic and self~
documnenting tmodelling technique, it use common fundamental units which can
help the network designer to identify the key bottlenecks within the system. The B-
Node model is undergoing development and testing in an attempt to model
infrastructure from the bottom up to enable top down conceptual understanding of
workload characteristics.
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3.2,5 B-Nodes and CBAs (Capstone Paper)

3.2.5.1 Compater Technology Curriculum — A New Paradigm for a
New Century

This paper (Maj & Veal, 2000b} was published in the Jonmal of Research
and Practice in Information Technology (JRPIT), in the November 2000 issue, The
Australian Computer Society (ACS) is the leading professional body for computing
within Australia and the JRPIT, formerly, Australian Computer Journal, is its
flagship publication. The JRPIT has a reiection rate of greater than 80%.

This is the capstone paper that brings together CBAs and B-Nodes as well
as later work on B-Node formulae. This paper includes a consideration of
standards, measures and errors, and levels of abstraction required with respect to B-
Nade theory. Computer technology is a complex and constantly changing field.
These characieristics place conisiderable on-going demands on teaching and
curriculum development. Given the prevalence of PCs, this problem is further
exacertbated by en increasing number of stedents from different disciplines
attending both introductory and advanced courses on cormputer and network
technelogy. Lecturers need a new pedagogical framework of a PC based on a new
higher-level abstract model. Such a model must be suitable for a wirde-range of
students, to assist in the development of understanding, to support different levels
of technical detail, and to be valid for both current and future generations of digital
technologies. This peper proposes Bandwidth-Nodes {B-MNedes) as such an abstract
model and the basis of computer and network technology curriculum, Work to date
had indicated that modeling the PC as a collection of B-Nodes, whose performance
is rated by bandwidth measured ir: frames/s, provides a vigble constructivist
framework that is readily understandable by students from all disciplines. Resulls to
date indicate this framework is also valid at increasing levels of technical

complexity.

New knowledge incindes bringing together in greater depth the need for
theoretical concepts such as B-Nodes to assist in future-proofing student learning,
which is of special impertance on hands-on units due to the rapid obsolescence of
much of the acquired kmowledge due to the rapid rate of technological change.

These considerations form the motivation underpinning the proposed new
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framework presented for combining high level sbstraction of B-nodes with the need
for hands-on skills and knowledge. The use of bandwidih via B-Nede modelling is

discussed as a possible basis for a comnputer benchmark.
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Computer Technology Curriculum —A New Paradigm for a New

Century

S P Maj, D Veal
School of Computer and Information Science
Edith Cowan University
Perth, Western Australia
Australia
p.maj@Ecowan.edu.au

Abstract

Computer technology is a complex and coustantly changing field. These
characteristics place considerable on-going demands on teaching and curriculum
development. Given the prevalence of PCs this problem is further exacerbated by
an increasing mumber of students from different disciplines attending both
intraductory and advanced courses on computer and network technology. Lecturers
need a new pedagogical framework of & PC based on a new higher-level abstract
model, This mode! must be suitable for a wide-range of students, assist in the
development of understanding, suppert different levels of technical detail and be
valid for both current and future generations of digital technologics, This paper
proposes Bandwidth-Nodes (B-Nodes) as such an abstract model and the basis of
computer and network technology curriculum. Work to date indizates that modeling
the PC as a collection of B-Nodes, whose performance is rated by bandwidth
measured in frames/s, provides a viable constructivist framework that is readily
understandable by students from all disciplines, Results to date indicate this
framework is also valid at increasing levels of technical complexity. Furthermore, it
is essential to provide students with procedural kmowledge that is relevant to both
student and employer expectalions, Competency based testing is proposed as a
mechanistm to provide assurance of approptiate levels of such practical skills and
results of its implementation are presented.

Keywords
Curriculurn, Bandwidth, Constructivism, Modeling

Background

The ¢omputer science curriculum at Edith Cowan University (ECU) is Level 1
accredited by the Australian Computer Saciety (ACS). However, 2 study by Maj,
Robbins, Shaw and Duley, of final year computer science graduates at ECUJ found
that students could not perform routine operations on a PC, o an acceptable
standard of safety based on employer expectations:

“Nonme of these students cowld perform first line maintenance on a Personal
Computer (PC) to a professional standard with due regard to safety, both to
themselves and the equipment. Neither could they install communication cards,
cables and network operating systen: or manage o population of networked PC's 1o
an aceeptable commercial standard” (Maj et al., 1998b).
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These skills, though not provided by the curriculum, were perceived as extremely
valuable by both students and potential employers. Other investigations indicated a
similar sitvation with computer science graduates from other universities within
Western Australia, Other countries similarly have professianal acereditation. In the
United Kingdom the British Computer Society (BCS) accredits university courses,
The BCS cumriculum guidelines are broadly equivalent in both depth and scope to
those of the Australian Computer Society. The initial ECU student question..aire,
first used in 1993, was also conducted in 1999 at two universities within the UK. A
similar study is currently being undertaken in Sweden, One of the selected UK
university has well-established degree programs and is fully BCS accredited. The
degree programs at this university offer students the opportunity 1o examine a PC in
the first year as part of a module in Computer Organization, However they never
take a PC apart. Students are taught network modeling, design and management but
they do not physically construct networks. A random sclection of twelve final year
computer science undergraduates selected from a graduating population of
approximately one hundred was interviewed using the ECU guestionnsire. The
results were directly comparable to the eriginal ECU results in that students lacked
knowtedge about PC technolagy and the basic skills needed to operate on computer
and network equipment in a safe manner. This is despite the fact that nearly every
student thought snch knowledge and skills would be beneficial. The survey clearly
demonstrated that any practical knowledge students have of hardware was largely a
result of experience outside the course. The secend university analyzed recently
redesigned their IT awards, some of which are now BCS accredited. At this second
university four final year (BSc, Hons), students were randomly selected and
interviewed using the ECU questiontnaire. These resulls demonstrate taat these
stndents had a broad, hobbyists' understanding, of the PC bul no knowledge of
health and safety law or networks. Significantly, all students interviewed identified
that their skills and knowledge of PCs and networks came from self-siudy or
employment, not from courses at university. Again student responses indicated that
such knowledge would be useful, Further, more detailed investigations are
currently being undertaken. In the final analysis the predominate reason students
attend university is to get skills, knowledge and a qualification to assist them in
geining employment or to improve their prospects of promotion (Review, 1996).

Curriculem Desipn

Based on the results of the initial 1993 ECU student survey two new units
{Computer Installation & Maintenance (CIM) and Network installation &
Maintenange (NIM)} were designed and imiplemented at ECU. Both CM and NIM
are intreductory units, with no pre-requisites, that form the basis of a complete
course of study in computer and network technology management. In order to meet
the perceived expectations of employers and students these units were designed to
incorporate a significant practical component in order to simulate, as closely as
possible, a typical commercial environment. Accordingly a new, dedicated
laboratory was designed and construcied at an initial cost of $35,000. The extensive
use of decommissioned equipment significantly helped reduce the cost. With this
budget it was therefore possible to provide each of the 10 warkplaces {two students
per workplace) with 4 different types of PC of increasing complexity and cost. The
logistics of maintaining this non-traditional Computer Science laboratory are non-
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trivial. Veal and Maj, (2000} found that each two hour CIM and NIM workshop
must be allocated up 1o two hours of technical suppart. Also, in contrast to other
units in which only the first howur is supervised the entire CIM and NIM workshops
must be fully supervised. Furthermore, in order to minimize loss of equipment it is
necessary at the start of each workshop for studems to complete and sign a
checklist of equipment.

Students on the CIM unit are required o work in a laboratory environment that is
potentially hazardous - both to studetits and equipment. In keeping with employer
expectations, this mandates a rigorous approach to woekshop practices and the
inclusion of Health & Safety legislation as part of the curriculum. The first lecture
and workshop on this unit are compulsory and address both health and safety in the
workplace and the associated legal foundations. It is assumed that students have no
knowledge of either the legal system or their obligations based on the Westem
Avstralian Qccupational Safety and Health Act 1984 (Reprinted as at November
16, 1995). After a brief overview of the legal system, the tort of negligence is
addressed with reference to nagligent misstatement. However, particular emphasia
is placed on negligent acts and the associgted Duty of Care (foresecability and
proximity) and Standard of Care (gravity and practicalily of precaution) of both
employee and employer all in the context of a computer and netwerk support
environment. The examination had a compulsory question on health and safety. It
was found by Maj that,

“The first workshop was concerned entirely with workshop practice and students
were reguired to read both the university and workshsp reguiations - it was
emphasized thar misconduct would not be tolerated, Misconduct is taken to include
Jaiture 1o observe good workshap practice. Compulsory attendance at the first
lecrure and workshap were verified by a signed declaration. Failure to comply was
an automatic disqualification from continuing the unit”, (Maj ct al., 1998b}

Sipmificantly the workshop exercises provide a practical, inter-disciplinary,
problem oriented approach. Rather than lowering acedemic standards Professor
Lowe (Armitage, 1995) argues, “rhe complexity of the real world is more
intellectually taxing than living in imaginary worlds of friction-less planes,
perfectly free markers or rational policy analysis "', In conlirast to 1raditional units in
computer architectureftechnology the unit CIM does not include digital techniques
{combinatoria! and sequential logic), details of processor architecture at register
level or assembly language programming. Instead, the PC is considered as a set of
iner-relaled modules, each of which is then addressed in detail appropriate 1o a first
level uait, In particular the PC is treated ss a ‘*whole’ with detail carefully
contrulled ¢n a *need to knew' basis. Ramsden {1592) argues that, “Mareria!
shouid preferably be ordered in such a way that it proceeds from common-sense
and everyday experiences to abstractions and then back again to the application of
theoretical knowledge in practice”. A further reason for using these PCs is to
provide a concrete experience for the enhancement of the procedural and
declarative abstract knowledge to be learm by the student. This is necessary
because, according to Piaget (1952), it is quite possible that large numbers of the
younger students may not be able to reason abstractly, The unit NTM is based on
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the internationally recagnized NOVELL curriculum. There are number of Network
Operating System (NOS) providers (Novell, Microsoft, IBM, Digital ete.). When
this curriculum was first introduced the domitiant NOS for Local Area Networks
{LAN's) was Novell NetWare (Economist, 1995). Qur preliminary market analysis
indicated that employers required graduates 1o have z working knowledge of
networks, in particular Novell. Novell have internationrally recognized professional
developnicnt programs - the Novell Certified Network Engineer {CNE) and Master
CNE. The NIM unil also intraduces students to altemative platforms such as
Windows NT. In addition 1o this, there are exiensive practical workshops that
include: network card installation, cable testing, NOS installation, network security,
first line maintenance and trouble sheating (Lachowicz et al, 1996). At the
completion of this unit students arc able to obtain partiai Novell Certified status, At
normal commercial rates this would cost students approximatety 33,600,

Both units have been evaluated over several semesters using the standard ECU unit
evaluations. The feedback has consistently been very positive. Furthermore, these
units are always oversubscribed, have low atirition rates and regularly attract cross-
institutional enrolments. The CIM unit has been fully evaluated by Dr T Fetherston,
a senior academic in the field of education, to assess the educational content of this
non-raditional, university unit. The results demonstrated that this unit was
considered:

“vafuable by students from different disciplines; supports learning in other unils;
increases students’ understanding of computers and computing; is clearly
distinguished from a TAFE unit; geiierates a demand for firther curriculim in this
Sield; is enhanced by the series af lectures and warkshops given by an experienced
computer support technician and is ebowt right in terms of difficulty” (Mnj et al,,
1998a).

Given the prevalence of PCs, many siudents without a Computer Science or
Engincering background now study cemputer technelogy. When the CIM unit was
first introduced at ECU in 1996, from an enrolment of 118, only 66 were compuier
science students, These students were from cither the second and third yesr of their
degree. The CIM unit is an clective unit and first year computer science students
are not allowed 1o study elective units. There were studenis from a wide range of
disciplines (security, psychalogy, biological and chemical sciences) at various
stages in their studies, Significantly, some finat year B.Eng. (Computer Systems
Engineering) students enrolled on this unit. This broad intake of sudents from a
wide variety of disciplines and a1 different stages of their studies has persisied. In
this context there are two main pedagogical problems, Firstly, what is the best way
to measure the procedural knowledge that is considered imporiant for both sudents
and employers? In effect the practical skills and knowledge taught during the
workshops are nol assessed. Secondly, even though a top down, hierarchical,
modular analysis approach, as recommended by Scragg (1991), was taken for the
unit CIM it lacked & coherent conceptual famework or model, What is needed is a
new pedagogical framework of a PC that is: suitable for a wide-range of students,
will assist in the developmem of undersianding, valid for different levels of
technical detail and will support more advanced studies.
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Procedural Knowledge - Competency Based Assessment

The CBM cutriculum has a significant practical component that requires students to
wark in a laboratory environment that is potentially hazardous - to both equipment
and students. It was found by Maj that, “the students who claimed to have prior
experience in this field damaged more eguipment than the novices. Clearly ‘self
evaluation ' of skills is inadequate". (Maj et al., 1998b).

Generic skills are characteristic of a whole class of skills that are increasingly
recognized as an important component of undergraduate courses (Bartley, 1999).
However this curriculum mandates the teaching and testing of specific skills, A
market analysis mentioned by Maj et al., (1998b} clearly indicated that employers
require a level of competency in commercially relevant skills e.g. to be able to
safely install and test new equipment in a computer, The general lack of
information given to students regarding employer expectations has been noted by
Havard et al., {1998), “On completion of their academic programme the graduate
was given no way of lmowing how their skills compared to the requirements of
industry”.

A new competency based metric is perhaps needed 10 measure these specific skills
directly relevant to employer expectations. Competency Based Assessment (CBA)
offers a possible method of testing specific practical skills. In an Australian context,
Karmel (1995} suggests that the competency movement had been driven to improve
cducation/training ontcomes in relation to the work of work from eniry to
professional level. Whilst CBA is well gstablished in Techaical and Further
Education {TAFE), there exists some debate as to their relevance in Higher
Education. Goldsworthy mentions a critique of what might be inferred from CBA:
“"Competency based standards in effect are an ad hor measure of skills they
mensure performance after the event. The activity is performed and measured after
the skills, experience and knowledge have been acquired". (Goldsworthy, 1993)
However in a written examination, the assessment activity is also performed and
measured after the acquisition of the skills, experience and knowledge
Furthermore, standard written examinations do not necessarily provide a prediction
as to how well studenis might perform in the workplace, The relevance of CBA in
the university sector is further questioned by Hamly and cited by Goldsworthy
{1993) in that, “most of the higher order intellectual skills which wniversities
impart are not capable of measurement as competencies and that universities must
therefore resist their implementation”. Merely because higher order skills may not
be tenable to direct measurement should this exclude measuring other very
important and potentially commercially relevant skilis?

Other general criticisms of CBAs are that creativity is not tested and they take too
much time. Written examinations enable students to demonstrate knowledge depth
but arguably at the cost of width, Multi-choice questions provide the means to test
students across a large pottion of the syllabus but may nat ailow students to show
their in depth of knowledge, Written assignments can give students an epportunity,
working collaboratively, to search literature and demonsirate creativity. CBAs may
be used 10 test practical skills not tested via other forms of assessment but offer na

275



assurance of a deep understanding of the field. The authors conclude that no single
assessment technique is sufficient. All forms of assessment have advantages and
disadvantages and must be used as appropriate.

Within the CEIM curriculum students are currently assessed by means of a standard
written examination and two written assignments. Howevar, it is possible for a
student 1o successfully pass these units without ever atiending any workshop.
Accordingly the authors designed and tested CBA for the TIM unit. The CBA
meodel used in the CIM unit was designed to meet the foliowing criteria:

+ Meaningful to students, staff and prospective employers.

e Part of the nonmal workshops.

s Easy to manage and does not cause excessive extra work to staff’

The results according to Veal are:

“The students were qssessed during a standard two-four workshap. The work was
conducied in a normal manner with the assessor independently evaluating studenis.
At no point was the workshep interrupted, or extra time taken, Ten students were
evaluated, Despite the fact that considerable emphasis is placed on ensuring that
students are provided with the highest possible standard of good workshop
practices to underpin Health & Safety the results clearly indicated that some
students did not demonsirate a satisfactory competency in basic safety practices. It
would not huve been possible to determine this result without a CBA." (Veal et al.,
1999}

It is possible to solve the first problem raised in section 2 of this papet ie. to
measare the procedural knowledge and skills that arc taught during the workshops
in a simple, meaningful and cost effective manner.

Learning Theory

There remains the second problem i.e. is it pessible to provide students, fron: 2
wide range of backprounds (Computer Science, IT, Mulfimedia, Business IT etc),
with 2 new pedagogical framework that can be used as the basis of ongoing
leaming and curriculum delivery? Furthermore, any such conceptual model must
not only be technically comect but also valid for different levels of complexity
thereby supperting more advanced studies,

Prior to examining how to improve student learning we attempted to come to 2
decper understanding of how students leam and construct knowledge.
Constructivism is the dominant theory of leaming today, the basis of which is that
students must actively construct knowledpe tather than passively sbsorb it via
lectures. According to Ben-Ari considerable research has been done in this field but
commented, “However, I cowld not find articles op constructivism in computer
science education conipared lo the vast literature in mathematics and physics
education’ and that *it can provide a new and powerful set of concepts to guide our
debates on CSE (Computer Science Education)” (Ben-Ari, 1998). In this theory
students have their own cognitive structures each of which is the foundation of the
learning process. By example, a PC is likely to be understood very differently by
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Computer Science, Multimediz and Business IT students, For Business students the
PC may represent & device for conducting business; however Multimedia students
may perceive it as the medium by which web pages are designed and hosted, It
should be recognized that all these different conceptual models are not necessarily
wrong but merely represent alternative conceptual frameworks, Furthermore, Ben-
Ari argues that a, ** reacher carmot ignove the studem's existing kmowledge; instead
he or she must attemp! to question the student in order o undersiand what models
the student possess, and only then attempt lo guide the student to the ‘correct'
theory™ (Ben-Ari, 1998}, Failure to do so resuls in fragile and incomplete learing,
The treditional method of teaching computer technology (digital technigues,
assembly language etc) is not a good constructivist approach.

Furthermore, there have been and may continue te be many technical developments
that impact on computer technology education. Clements {2000) makes the point
that, “or example, the generation of students studying electronics in the 1930%
leaned about the behavior of electrons in magnetic fields. The next generation
Studied transistor circuits, and the one affer that studied integrated cireults. The
traditional logic course changes ropidly”. However, digital techniques and
medeling provide an abstraction that is independent of the underlying details of
transistor theory. Such combinational or sequential circuits can be described
without the complexity of their implementation in different switching technologies
eg, Transistor-Transistor Logic (TTL), Complementary WMetal Oxide
Semiconductors (CMOS) ete. Similarly details of semiconductor switching may be
modeled using abstractions independent of the underlying details of quantum
mechanics. Computer technology can therefore be described using a progressive
ranige of models based on different levels of detail e.g. semiconductors, transistors,
digital circuits. Such medels are desipned to progressively hid and hence control
detail and yet stifl provide sufficient information to be useful for communication,
design and decumentation. This is in keeping with the ACM/IEEE Computing
Curricnla 1991 in which abstraction is a recurring coneept fundamental to computer
science (Tucker et al., 1991). Computing Curricula 1991 define nine subject areas
that include Architecture as a pre-requisite chain o ftopics.

However, computer design and manufacture has changed rapidly in the last decade,
Assembly Level Manufacturing, Application Specific Integrated Circuits and
Surface Mounted Technology have all lead to an ever-decreasing unit price and a
resultant low cost PC with a standard architecture and modular construction. Such
developments have resulted in changes in the way in which the computer
infrastructure is now perceived and managed. Again according to Clemenis (2000),
“While the kmowledge base academics must teach is continually expanding, only a
Jraction of that inawiedge can be taught during a student's time at a university
Consequently, academics must continually examine and update the curriculum
(computer architecture), raising the level of abstraction™, We attempted therefore
to develop, if possible, a new ligher-level abstract mode! of computer technology,
This model must reprasent 2 common concepival framework held by students from
different disciplines, and hence form the basis of a cognitive structure. Any such
structure must aliow students 1o easily make viable constructs of knowledge based

277



on their own experience, We therefore examined various conceptual frameworks to
support this approach.

Computer Technology — A New Benchmark

choosing & PC is now a common activity for many. Benchmarks can be used to
evaluate PC performance that, in conjunction with factors such as price, are an aid
to selection. We submit that users’ ideas of a PC are typically based on
performance and this could be the basis of a construetivist teaching approach. We
therefore examined benchmarks in general in order to evalvate their potential use as
a pedagogical tool.

Benchmarks - Background

Benchmark programs considered directly relevant ta a typical single user, multi-
tasking envircnment runming a de fhcto standard suite of 32 bit applications
inclode: AIM Suite III, SYSmark and Ziff-Davis PC Benchmark. Consumer
magazines use Benchmark suites to evaluate PC's and publish their results (APC,
1998) (Tsble 1),

Table 1: PC Benchmark Suite

Benchmark Gateway G6 300 | IBM Aptiva EQ3
Business Winstone 98 20.63 18.33

CD-ROM WinMark 98 : Overall 1,556.67 1,350

CPUmark 32 772 550,33

Business Disk WinMark 98 1,380 930

High-End Disk WinMark 98 3,783.33 2,736.67
Business Graphics WinMark 98 53,13 105.67
High-End Graphics WinMark 98 146 130

Intel marks their microprocessors with & parf number and the maximum rated clock

speed. Furthermore they publish a specizl series of Benchmarks called the Intel

Comparative Microprocessor performance Index (iCOMP) that can be used as a

relative gange of microprocessor performance. However more than half of the PCs

(under $1,000) now sold in the USA are likely to have Advanced Micro Devices

{AMD) microprocessors (Economist, 1998). For many AMD mictoprocessors the

model designation does not comespond with the assocjated clock speed. For

example, the AMD K5 PR133 has a clock speed of only 100MHz. The alternative P

Rating (PR) system was jointly developed by Cyrix, [BM, SGS Thompson, and

AMD. This Benchmark is based on the Winstone, 2 de facto standard, windows

based Benchmark suite. As an aid to more meaninglul measurements specialist

interest groups also evaluate equipment using specific applications (Results, 1999),

As a relative guide Benchmarks are an aid to selection, however, all of these resylts

must be interpreted and many questions still remain for vsers. Questions include:

» What difference in performance can a user expeet if the benchmark value result
is higher by 1 or 2 units or by a factor of 10 or more? For example, what
difference in performance would a user expect between an IBM Aptiva EQ3
{Business Disk WinMark 98 value of 939) and a Gateway G6 300 (Business
Disk Win Mark 98 value of 1,380)7

278



» How does the iCOMP rating compate to the PR rating?

»  What difference in performance can & user expect fiom a Pentium 100 (iCOMP
90} and a Pentium 200 (ICOMP 142)? Are the scales lincar, logarithmic,
hyperbolic?

e What units are used? Does each Benchmark define their own (unspecified)
units?

»  As a user, how is the difference in performance manifested and perceived?

o How can different types of devices be compared, e.gz, how ca., the performance
of a hard disc drive be compared to & microprocessor?

We conclude that the plethora of benchmarks, though useful, do not provide the
basis of a useful, coherent conceptual model of a PC that can be used as a
pedagogical framework, We therefore re-examined the basic issues of
measurements in an attempt to find such a medel,

Standards, Measures and Errors

Measurenents are ysed to make, exchange, sell and control objects. According ta
Bamey, “d measurement is the process of empirical objective assignment of
numbers lo properties of objects or events in the real world in a way such as to
describe them” (Barney, 1985), History has many examples of measures in the
search for useful standards. Early Egyptians defined one finger-width as a zebo and
established an associated simple, reproducible and denary scale of standard
measurements. It is significant that human dimensions were nsed as the hasis of one
of the first standards, The Systems Internationale (SE) system meets the ancient
requirements of sjmplicity and ease of use due to reasonably sized units.
Measurements, therefore, require the definition of units, the establishment of
standards, the formation of scales for the comparison of measured quantities and
ease of vse. It can therefore be argued that any measurement standard, to be of
practical value to PC users, must therefore have the fellowing characteristics:

« Relevant to human dimensions or perceptions
w  Units based on the decimal scaling system
« Have quantifiable errors

We therefore examined bandwidth as a possible fundamental measurement of
performance,

Bandwidth

All the sub-units of 2 PC {microprocessor, RAM, Hard Disc Drive etc) may be
considered as ‘black box® processors in Multiple Instruction Multiple Data (MIMD)
architecture. According to Clements (1989}, “Because of the generallty of the
MIMD architeciure, it can be said to encompass the relotively tightly conpled
arrangements and the very Iposely coupled geographically distribured LANs”, In
this context Clements continues:

“Althaugh most people do not regard it as a multiprocessor, any arrangement 6f a
microprocessor and a floppy dise controller is reaily a loosely coupled MIMD. The
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floppy disc comtrofler is really an awtonomous processor with its own
microprocessor, internal RAM and ROM."

and further that:

“Because the FDC (Floppy Disc Controller) has all thesa resources on one chip
and communicates with its host processor az if it were a simple }0 port, it is
considered by many to be a simple /O port. If'it were not for the fact that the FDC
is uvailable as a single chip, engineers would be designing “true” multiprocessor
systems to handle dise 0.

A PC is therefore a complex collection of heterogencous devices interconnected by
a range of bus structures. In this paper we define a PC as ¢ MIMD architecture of
sub-units or nodes. Each node {microprocessor, hard dise drive etc) can be treated
as 1 data source/sink, This approach allows the performance of every node and data
path to be assessed by a simple, common measurement — bandwidth. Where
Bandwidth = Clock Speed x Data Path Width {B = C x D} with the common units
of Mbytes/s. We can therefore analyze the PC accordingly.

Microprocessor

There are various measurgments of microprocessor performance such as: clock
cyeles per instruction (CPI), clock cycle tims, Instruction count and iCOMP. By
example the Pentinm [[ MMX is clocked at 233MHz with an iCOMP Index 2.0
rating of 267. The AMD K5 PR133 is clocked as 100MHz, However, all
microprocessors, regardless of any intemal architectural details, transfer data via
the processor data bus and hence their performance can be simply evaluated using
the bandwidth formula (B = C x D). By example, the Pentium processer has an
external data path of 8 byies with maximum rated clock speeds in excess of
400Mhz giving a bandwidik of more than 3200 Mbytes/s L.e. (Cx D=400MHz x 8

bytes).

Primary Memory — DRAM

Dynamic Random Access Memory (DRAM) is a volalile, electronic storage
medium available in a variety of organizational structures such as Extended Data
Out (EDO) and Synchronous Dynamic Random Access Memory (SDRAM),
Regardless of DRAM orgenizational structure, performance is measured in
nanoseconds, which can easily be converted to MHz. The performance of
Synchronous DRAM is naw often quoted in MHz, e.g. 83MHz (12ns) or 100MHz
{10ng). The performance of RAM can easily be evaluated using the bandwidth
formula (B = C x D). For example, Dual In Line Memory Modules (DIMMs) rated
at 60ns (16MHz) with a data path width of 8 bytes have a bandwidth of 128
Mbytes/s ie (C x D =16MHz x 8 bytes).

Secondary Memory - Hard Disc Drive

Hard disc performance is quoted by a variety of measures that include: seek times
{average, track to track, full stroke}, rotational speed (rps), internal data rate
{Mbytes/s), track capacity and data transfer rates (buffer to host, in Mbytes/s). The
bandwidth equation {B = C x D} is still valid if rotational speed and track capacity
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are used instead of clock frequency and data path width ie. B = 1ps x track
capacity, Typical figures are in the range of 5 Mbytes/s with the number of sectors
averaged thereby taking into account Zoned Bit Recording.

Peripherals

Modem performance is typically measured in Kbits/s which can be converted to
Mbytes/s. CDROM performanee is quoted in speeds e.g. x32 speed where x1 speed
is defined as a data transfer rate of 150 kbytess. Bandwidth for a x32 speed
CDROM is therefore approximately 4.6Mbytes/s,

Bus Structures and Chip Sets

A Pentium based PC has a hierarchy of bus structures each operating at a different
specification. Buses include: the Industry Standard Architecture {ISA), Peripheral
Components Interconnect (PCT) bus and the Advanced Graphics Post (AGP), Bus
performance is variously given by address/data multiplexing, data-path width, clock
frequency, etc. However, for each bus the bandwidih can be simply caleulated
using the formula B = C x D, By example the ISA bus has a data path of 2 bytes
and operates at a clock frequency of 8MHz which gives a bandwidth of 16
Mbytesfs,

The heterogeneous nature of the nodes of a PC is clearly illustrated by the range of
measurement units used varying from MHz to sesk times in milliseconds. In this
context it is difficult to easily evaluate the relative performance of each device on o
PC. However, it is possible to compare the relative performance of different nodes
using (he simple equation {B = C x D) with the common unit of measurement of
bandwidth im Mbytes/s i.e. B-Nodes (table 2).

We suggest the following advantages 1o modeling a PC as a collection of B-Nodes
and using Bandwidth as 2 common measurement unit:

1 A byte is a commoaly understood quantity,
2 The SI scaling system may be used e.g. Mbytes/s, Gbyles/s,
3 Performance in Mbytes/s can easily be derived if not specified.
4 Nodal mode! is independent of any underlying architectural details.
5 Dissimilar devices can be evaluated using this simple nodal medel.
6 Performance ‘*bottlenecks' can be identified.
Table 2: Bandwidth
Device Clock Speed Data Width Bandwidth {Mbytes/s}
(MHz) (Bytes) B=CXD
Microprocessor 400 8 3200
DRAM 16 8 128
Hard Disc 60mps 90 Kbytes 5.2
CDROM 4.0
ISA Bus 3 2 16

281




We then examined if this bandwidth node model would support increasing levels of
technical complexity, B-Nodes typically operate sub-optimally due to their
operational Jimitations and also the interaction between other slower B-Nodes.
Work to date indicates that the simple bandwidth equation can be modified to take
this into account i.e. Bandwidth = Clock x Data Path Width x Efficiency. This
simple mnemonic (B = C x D x E) can be applied to every node within the PC. By
example the ISA bus does not transfer data on every clock pulse. At least 3 clock
pulses are needed giving an efficlency factor of 1/3. Hence for an ISA bus
operating sub-optimally, B = 8 x 2 x 0.33 i.e. 5.3 Mbytes/s. It should be noted that
derivation of the efficiency factor requires a reasonable understanding of the
underlying technelogies. Finally we analyzed a spectrum of PCs ranging from those
based on the first generation processor (8088, 8 bit ISA, floppy disc drive etc)
through to those based on the latest fifth generation processors (Pentium, PCI, AGP
atc) It was possible to describe every PC examined using both the simple and more
advanced bandwidth node models, It can be concluded that given the bandwidth
node model is valid for all the different generations of digital PC technology to
date, it may continue to be useful for succeeding generations.

A Proposed User-based Benchmark

Bandwidth measured in Mbytes/s, though useful is not a good initial scaffolding
tool - a typical user runs 32 bit windows based applications. The user is therefore
interacting, via a Graphical User Interface (GUT), with text and graphical images,
For peneral acceptance a benchmark mwust be easy to understand and should
therefore be based on user perception of performtance and as such be simple and use
reasonably sized units. We suggest that a useful unit of measursment is the display
of a single, full screen, full color image. We define a full screcn image to have a
resolution of 1024 x 1280 (1.25Mpixels) with a color depth of 3 bytes per pixel,
which represents 2 total of 3.75 Mbytes of data (1.25Mpixels x 3 bytes per pixel).
Obviously sub multiples of this unit are possible such as quarter screen images and
reduced color palette such as 1 byte per pixel. The performance of a PC and
associated B-Nodes can still be evaluated using the measurement of bandwidth but
with the units of standard full screen, full color images/s or frames/s. Furthermore,
full motion video requires about 30 frames/s, which represents (112.5 Mbytesfs).
We suggest the unit of measurement based on full motion video is more meaningfizl
to a typical user because it relates directly to their perception of performance.
Furthermore, the units of frames’s can be directly derived from the more
fundamental unit of performance of Bytes/s. The relative performance of each B-
Node can therefore be evaluated by its ability to preduce full motion video (full
screen, full color), By example the previously discussed microprocessor can
operate at a performance 28 times that needed to produce full motion video (table
3).
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Table 3: Full motion video

Device Bandwidth Bandwidth Full mation video

(vibytes’s) (Frames/s) (FMV)
B=CXD | =Mhytes/Frame size | (Full screer, full color)

Microprocessor | 3200 853 2B x FMY

DRAM 128 34 1.1 x FMV

Hard Disc 5.2 1.3 0.04 x FMV

CROM 4.6 1.2 0.04 x FMV

ISA Bug 16 4.2 0.14 x FMV

This method of measuring data transfer rates between within a PC using frames/s as
a measurement of performance was confirmed experimentally. A C program was
used to transfer frames between two B-Nodes, 2 HDD and SDRAM, flagging the
start and step of this operation on the parallel port. An oscilloscope {100 micro
second resolution), connected to this port, was used 1o measure and derive the data
transfer rate in Frames/s. The results obtaingd related directly to the manufactures
technical specification of the HDD. Tt should be noted that video compression was
not used. We are currently conducling further experiments 1o evaluate the effects of
compression and the operating system overheads, We have therefore a common
unit of measurement, relevant to common human perception with decimal based
units, that can be applied to different B-Nodes and identify performance
bottlenecks.

The concept of using images to evaluate PC performance can be made directly
relevant te users from different disciplines, By example, in the medial profession
there are number of radiological imaging technigues, such as Magnetic Resonance
Imagery {MRI), Computetized Tomography (CT), Ultrasound eic, that all store
images digitally (Dwyer, 1992), A typical MRI image is approximately 0.13
Mbytes of data. Furthermore, given that Mbytes/s are aur findamental unit it is &
simple procedure to convert both text and sound data to this common unit. Each
node (microprocessor, hard disc drive ete) can now be ireated as a quantifiable data
source/sink (Frames or Mbytes) with an associated transfer characteristic (Frames/s
or Mbytes/s). This approach allows the performance of every node and data path 10
be assessed by a simple, comenon measurement — bandwidit. Where Bandwidth =
Clock Speed x Data Path Width with the comumon units of Frames/s (Mbytes/s).
Each noade is defined as a B-node (Bandwidth-Node),

B-Nodes as a Constructivist Framework

In answer to the second problem posed by this paper we propose a new pedagogical
framework that defines a PC as a collection of B-Nodes. The performance of all B-
Nodes may be calculated using the same formula (B = C x D) with the bandwidth
units of Frames/s. This yeer, in addition to the competency-based workshops, we
used B-Nodes as the pedagogical framework for the first time and evaluated the
results, During the early lectures in the CIM unit we started with a simple
hierarchical bandwidth node model, based on common student experience, of a
person {microprocessor) at a desk with a note pad (RAM) and a filing cabinet (Hard

283



disc drive). With this simple example it is possible to describe each device as a
node and calculate its bandwidth using a common, easily understood unit of
measurement i.e. the number of pages of A4 text that can be iransferred per unit
time between the person, desk and filing cabinet, The analogy can then be made
between the person (microprocessor), notepad (RAM) and filing cabinet (hard disc
drive). Using this conceptual framework every device in the PC is considered as a
series of nodes whose performance is measured by bandwidth with the unils of
Frames/s. The operational characteristic of each node is then considered in detail
and jts bandwidth calculated using the common units of Bytes/s and Frames/s. The
units of Frames/s are a user based, easily understood measurement. The workshops
require students to implement the conceptual knowledge presented in the lectures
thereby integrating conceptual and procedural knowledge. No digital techniques or
assembly language programming are taught. Using the standard compulsory ECU
course evaluatjon questionnaire the unit was highly rated by students, Furthermore,
a more detailed study was conducted 1o investigate student experience of the nodal
concept. From an enrolment of eighty students in the unit CIM, forty were given
questionnaires. According to Maj (Maj et al,, 20009,

“Thirty-six students thought the nodal concept should be taught. Thirty-five
students thought that this concept helped them understand computer technology.
Thirty-five students thought that using a common wnit (Framesés) helped in
evaluating PC devices. Significantly half the respondents thought more tinie should
be spent on this type of calenlation.”

Student understanding was evaluated by means of two assignments in which they
were required to obtain the technical specifications for & PC and construct a nodal
mode! with associated bandwidths in both Mbyles/s and Frames/s. One student
wrote:

“The lack of meaningfil and comparable technlcal specifications makes the task of
caleulating the performance of a PC and its individual componenrs a difficult one.

The computer industry appears to be a faw unto oneself, with incomplete or non-
existent technical specifications. The use of standards, terms and abbreviations that
are not comparable across different systems or manifacturers, This all leads 1o
JSrustration and confusion from consumers and nsers of these computer sysiems and
components"”

And for a given technical specification the stedent wrote;

“Sounds Impressive. yet by undertaking the exercise of converting to the
components common urits the refative performance of the PC and its individual
components can be measured and conclusions drawn. You will finally be able to
see exactly what you are purchasing, its strengths, wealnesses and overall value "

Prior to the introduction of this medel previous student answers to this type of
assignrnent resulted in almost exclusively a list of hardware details copied directly
from technical literature with little or no critical analysis. However, using this
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model most students were able to predict the likely performance of 2 PC and
identify B-Nodes that would significantly handicap performance. However, 22
students, from an enrolment of 80, demenstrated some fundamental misconceptions
and badly failed one or more of the assignments. The bandwidth node model
depends on an understanding of frequency (MHz), scientific notation, units etc. As
@ separate experiment students were evaluated for their understanding of simple
physics. The failure rate was comparable to the results from the assignments with 2
distinct bi-modal distribution. The failure to succeed in the assignments appears to
correlate with a lack of understanding of simple physics. Further work is needed
and this problem is currently being studied in detail. However, as an attempt to
address this problem the concepts of unils, frequency etc are introduced,
furthermore at the conclusion of the workshops studenis are now given the
opportunity to participate in an informal tutorial (Veal et al,, 2000). Since the
introduction of these tutorials the assignment failure rate has fallen to less than 5%.
Significantly, using this nodal model! all additional progressive technical detail and
complexity is additive to knowledge and understanding rather than being perceived
by the student as simply a collection of factual data,

Advantages to using this pedagogical model include;
» Students can perceive the PC as a unified collection of devices

» Ncde performance, measured in bandwidth (Frames/s) is a user based, easily
understood measurement

» The units Mbytes/s and Frames/s use z decimal scaling system

s Students are able to evaluate different B-Nodes of a PC by means af a common
unit of mensurement

¢ Students can easily determine the anticipated performance of a PC given its
technical specification

+ Students are able to critically analyse technical litersture using this integrating
concept.

« The model is suitable for students from a wide range of disciplines (Computer
Science, Multimedia, IT, Business IT}

» The medel is valid for increasing levels of technical complexity.
* B-Nodes are independent of architectural detail

Based on our results to date we strongly recommend the bandwidth node mode) as
the pedagogical framework for introductory curriculum in computer technology.
The authors do not suggest that the bandwidth node model should replace the
teaching of this traditional computer technology cumiculum (digital logic ete).
Rather, that it may represent a higher leve! of abstraction and hence serve as a
useful introduction to students from a wide range of disciplines, By example digital
logic {sequential and combinational) modeling represents a higher level of
gbstraction than the underlying details af transistor technology. Similarly transister
moxdeling represents a higher level of abstraction than the underlying details of
semiconductor theory.
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Conelusions

This paper proposes B-Nodes, whose performance is rated by bandwidth
{frames/s), as the pedagopical basis of computer lechnology curriculum. Work to
date indicates that modeling the PC as such a collection of B-Nodes provides a
good constructivist framework allowing technical detsil 1o be introduced in a
controlled, top-down manner that is readily understandable to students from all
disciplines. This nodal model represents a new, higher level of abstraction that is
also valid for increasing levels of technical complexity and hence svitable for more
advanced studies. Given this model provides abstraction it i5 therefore independent
of architectural detail and can therefore accommodate rapid changes in technology.
It is valid for all generations of digital PC technology to dale and may therefore
continue to be useful for some years to come. The author's recommend that the
associated workshop exercises should be integrated 1o the lecture based conceptual
knowledge thereby providing students with the opportunity to acquire
commercially relevant skills. Such skills can be easily evaluated by competency-
based assessment. Our on-going work includes investigating the effects of: data
compression, operaling systems etc and a more in-depth educational evaluation.
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3.3 A Summary of the Major Conclusions from the Published Papers

These published papers have covered the main research questions namely:

“Is it possible to have CNT curviculn that are more directly relevant to
both student and emplover expectations without suffering from rapidly

obsolescence?"

The published papers argue for the inclusion of hands-on skills within unit curricula

and their effective assessment as a solution to the first part of this question.

The requirement to avoid rapid obsolescence necessitated a high level abstract
meodel independent of particular technolagical implementation defails. This led to

the question:

“Is it possible to develop a new, high level abstraction model for use in
CNT education?”

¢ The B-Nede model was proposed as a solotion to this question which was
offered as a method to help fiuture-proof student learning in the face of rapid

technelogical advancement?

o Theneed for the B-Node model resulted from the rejection of cutrent
computer and networking benchmarks as & basis for such an abstract mode!
due to their transient nature and inconsistencies between different
benchmarks,

s The B-Node models are presented within the published papers in a range of
typica! contexts.

= The use of the B-Node model means that students nzeded to possess a basic
level of understanding and skill in mathematics to be able to use such a

maodel.
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Meeting employer expectations necessitates a consideration of the role of
the university in modern society as well as the suitability of hands-on skill

requiretnents within a nniversity context.

The use of workshops in which such hands-on skills are to be practised
raises the problem of ensuring safety which is needed to fulfil both practical and
legal requirements.

Furthermore, the incfusion of hands-on skills required their effective
assessment. This resulted in the research question:

“Can an effective, efficient and meaningful assessment be undertaken (o test
students ' hands-on skills and understandings? ™

CBAs were offered as a solution to this question which led to a
consideration of the competency debate with education. Moreover, CBAs were alsa
utilised as an effective measure to test student safety practices and understanding in
addition to lectures, written examination questions, MCQs and workshops.
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APPENDIX A

MATHS AND PHYSICS PROBLEMS WITH BANDWIDTH

CALCULATIONS

An abstract model may require & certain level of mathematical
understanding and skill to be applied effectively as well as a basic knowledge of the
underlying physics. However, basing CNT developments upon high level abstract
models ¢can be problematic if students are unable to apply such models due to an
insufficient understanding of the basic mathematics and physics required.

Clement has noted some problems that students experienced en introductery
physics programs may be caused by their preconceptions (Clement, 1982). For
example, important basic knowledge such as D.C current flow is often
misunderstood {Arons, 1982, 1990; Cohen, Eylon, & Ganiel, 1983; Fredetie &
Clement, 1981; Osbome & Freyherg, 1985), Wilkinson has discussed approaches to
teaching physics from real life experiences (Wilkinsen, 1999},

Armstrong and Creft have noted problems experienced by undergraduates
due to lack of mathematical skills and knowledge (Armstrong and Croft 1999).
Whilst Boustead notes that new mathematical concepts should fit into previous
Imowledpe (Boustead, 2000). Such comments resonate with the constructivist

approach referred to previously.

Mathematics can be considered in respect to students® basic skills and
knowledge requirements (Brown, 1999; Madgid, 1958}, However, there isalso a
need for mathematical literacy developed vie problem solving and investigation
{Goldsmith & Mark, 1939}, Mathematics may alse be required to help to promote
logical thinking (Drier, Dawson, & Garofalo, 1955),

The educational use of mathematics as a tool has been considered (Confrey,
1997, Hunt & Lawson, 1996; Kumer & Jalkio, 1998), whilst an industry
perspective of its need has been investigated (McHenry, 1992). Mathematics can
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be studied for its own seke and this need not preclude its use in understanding
technology (Keitel, 1952; Kelemen, Tucker, Henderson, Bruce, & Astrachan, 2000;
Small, 1999).
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APPENDIX B

PUBLICATION MATRIX

The matrices presented in Appendix B indicate the relative inputs of the
contributing authars to the multiple author publication considered. Minor indicates
a substantial contribution within this category was not performed by this author,
whereas major indicates that a substantial contribution was made by the author in
this category, Equal denotes an equal contribution in that category by the

contributing authors,
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APPENDIX C

WORK IN PROGRESS

Work to date strongly supports that the B-Node mode! has pedagogical
value, The equation B= CDE has the advantage of giving o first order
approximation to performance in MB/s from which more meaningful units, such as
medical images per second may be derived. Furthermore technical complexity is
aggregated into the E component, However, E has not as yet been experimentally
defined. Initial work on PCs gave some results but failed to produce definitive
answers. PC technology is highly complex with large amounts of built in
intelligence that can serve to confuse attempts obtain meaning bandwidth

measurements.

Towards the completion of this award networking devices such as switches
and routers became availeble for research. The following paper “A Framework for
a Network Performance Mode! based upon B-Nedes™ was the result of a series of
experiments undertaken to measure bandwidth using the rowters and switches.
These experiments inciuded measuring the time taken to send files across en
intemnetwork wsing FTP such that the data flows converge to cross a common part
of the link. A formula is developed to predicate the transmission times and it was
found that these times could be predicated to within an error of five percent. The
effect of ACLs on bandwidth was also measured a value found for the decrease in
bandwidth per ACL statement for the routers. The latency of the routers was
investigated using extended PING.

The following paper describes some of the resulis obtained from this work
and has been submitted for bling peer review to the Sth Annual Conference on
Innovation and Technology in Computer Science Education (iTCSE) conference.
This conference is to be held in Leeds, UK 28" - 30 June 2004 and is sponsored
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ABSTRACT

There are currently various metheds by which network and intemetworking
education can be addressed. Examples include simulation tnodelling or analytically
modeling both of which may be mathematically based (e.g. queuing theory} and
highly complex. The authors have developed 2 new model, the B-Node, which is
based upon simple formulae derived from an investigation of computer networks.
This mode] provides a conceptual framework for perfonmance analysis based vpon
bandwidth considerations from a constructivist perspective. The bandwidth centric
B-Node model uses high level abstraction decoupled from the implementation
details of the underlying technology which provides the possibility of future
proofing student learning by decoupling this model from the underlying low level
details of the particular technological implementation. This model has been
successfully triailed in computer techniology units. This paper represents an initial
attempt to develop B-Nede theory further in the field of networking education and
presents a description of some of our wark to date which includes details of
experiments undertaken to measure bandwidth and formulae derived and applied to
the investigation of converging data streams.

Introduction

There are many ways of teaching computer networking. Davies notes that:
“Network courses are often based on one or more of the following areas: The OSI
model: Performance analysis; and Network simulation” (Davies, Ransbottom, &
Hamilton, 1998). The OSI model is 2 popular approach that is used extensively in
the Cisco Networking Academy Program (CNAP) (Cisco, 2001) and other Cisco
leaming materials. With respect to simulation Davis describes the Optimized
Network Engineering Tools {OPNET) system that that can model networks and
sub-networks, individual nodes and stations and state transition madels that defines
a node (Davies et al,, 1998). However, Davies gives no indication as to the
accuracy of this simulstion or of the limits of its application.
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The development and testing of networking simulations may depend upon student’s
possessing knowiedge and having suitable experience in computer programming
lanpuages that many networking students might not possess.

Performance analysis can use analytical based models that are often specialized in
their area of application and may involve the use of complex mathematics which
could be problematic for many computer networking students. Its advantages
include the use of powerful mathematical tools. However, these models may not be
based upon real systems. Queuing is a form of analytical modelling (Kleinrack,
1975). Networks of queues can also be analyzed (Menasce & Alemeida, 2002).
However, quening analysis eften assumes a Poisson distribution, which isn't the
case with most networks (Lilja, 2000; Paxton & Floyd, 1995),

Performance emalysis in computer networking can be based upon various models
such as bandwidth in MB/s which is commonly used as a performance indicator.
Also, students can perceive differences in performance with respect to bandwidih
which can be used as a starting point for a constructivist based performance madel,

Constructivism

The dominant theory of conceptual understanding in education is constructivism.
This has been extensively tested in the field of science and mathematics education
(Cobern, 1991; Confrey, 1991; Driver & Bell, 1985; Wheatley, 1521), Although
Constructivism is a foundation of many modem 1eaching practices it has not heen
influential within computer education as noted by Ben-Ari: “Constructivisn is a
theory of learning which claims that students consiruct knowledge rather than
merely rzceive and store inowledge transmitted by the feacher. Constructivisnt hus
been extremely influential in science and mathematics education, but not in
computer education”™ {Ben-Ari, 1998). The knowledge the leamer has already
constructed will affect how new knowledge is interpreted, (Mestre, 2000), “Put in
the simplest way, to undersiand what someone has said or written means no less
but alse no more than to have built up a conceptual structure that, in a given
context, appears to be ‘compatible’ with the structure the speaker had in mind, ~
and this compatibility, as a rule, manifesis itvelf in no other way than that the
receiver says and does nothing that contravenes the speaker’s expectations” (von
Glasersfeld, 1989). The importance of conceptual understanding in the field of
computer science education has been highliphted by the ACM who note that:
“Concepts are the raw material for understanding new information technoiogy as it
evolves” (ACM, 2001). Hence there is 2 need to develop a performance based
medel in computer networking curricula that has its foundation based upon
students’ commen conceptual understanding, The B-Node model provides such 2
foundation based upon the students’ own perceptions of computer network
performance.

B-Node Models

B-Node models are bandwidth centric high level abstractions which are
independent of the underlying implementation details of a particular technology
(Maj & Veal, 2001). The rapid rate of technological change within the field of
Computer and Networking Technology (CNT) has given rise to the need to fiture
proof student leaming by not including details of the underlying techrological
implementation which may change rapidly as the technology progresses. (Maj &
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Veal, 2000b; Maj, Veal, & Duley, 2001). Furthermore additional advaniages of a
bandwidth centric approach are that bandwidths can be readily measured in
computer networks and bandwidths are often included in network equipment
specifications. As B-Nodes are high level abstract models they allow the possibility
of recursive decomposition into their lower level component parts,

Potential Problems of n Bandwidth Centric Approach

A bandwidth centric approach needs to address the problem of latetticy, Hennessy
and Patterson, under a heading of “Fallacies and Pitfalls” mention the: “... pifall of
using bandwidih as the only measure of network performance. ... this may be frue
Jor some applications such as video, where there is little interaction between the
sender and the receiver, but for many applications such as NFS, are of a request-
response natire, aud so for every large massage there must be one or more small
messages .., latency is as important as bandwidth” (Hennessy & Patterson, 1996b).
In this paper latency is addressed by subsuming its effects under a heading of
bandwidth by defining bandwidth as being equal to the size of the file transmitted
fromn source to destination, divided by the time taken to send that file. Latency is
simply included in the time to transfer the file, Both devices and networks may
produce more bandwidth that resuits in a lower performance when compared to
another system that produces better performance with less bandwidth (McComas,
2001g). Yet any measure of performance has its drawbacks and may oot yield
mezningful results in all circumstances.

Deterministic B-Nede Models

The authers chose to concentrate upon an initiel deterministic model rather than a
stochastic model. Lai and Baker note that: “Deterministic miodels are typically
easter to work with mathematically than stechastie models, enabling us to find an
analytical solution rather than a numerical one. Unfortunately, a deterministic
mode! implies modeling with absolute certainty and many things cannot be known
with enaugh certainty to make this practical” (Lai & Baker, 2000). However, a
deterministic model can allow the checking of the basic paremeters upon which to
base & more cemplex stochastically model. These initial parameters are to be based
upon experimental results.

Tahble 1: Device Chain Abbreviations

Device chain Abbreviations
PC to fibre link to PC PFP
PCto PC PP
PC to switch to PC PSP
PC to Router to PC PRY
PC to Switch to two Routeys to Switch to PC PS2RSP
PC to Switch to three Routers to Switch to PC PSIRSP
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The Experiments

The B-Node model has analytical components and yet js both relatively simple to
use and quantitatively based. These investipations commenced with experimenis
using PING to determine a baseline for subsequent bandwidth measurements. The
following shorthand was used for a given chain of networked of devices

The PING Experimenis

Extended PING is a program used to check connectivity at the first three layers of
the QS8I model, This was used under Windows XP to measure the latency between a
source and destination. The version of PING used under Windows XP only gives a
resolution of 1 ms end is of unknown accuracy. To address this problem we vsed a
baseling of two PCs connected by a single crossover working at 12.5MB/s full
duplex. The results are shown in Figure 1 which shows the size of the data
transferred against the transfer times. This also provides a measure of the
bandwidth as 5.48 MB/s. the actual bandwidth is twice this value, approximately 11
MB/s, due to Round Trip Time (RTT). Multiple values were taken to obtain a better
approximation of bandwidth. The slope for respective devices pgives bandwidths
which are tabolated in table 2.

Table 2: Legend for PING Transfer Time Graph

Devices Line plotted on graph g’]":;\:;dg; (MB/s)
PP a 11.1

PSP b 11.4

PSRSP c 1.9

PS2RSP d 7.5

PS3RSP e 7.3

It can be seen from: Figure 1 that when a switch replaces a crossover cable as the
link between two PCs this introduces a {atency of much less then 1 ms and the link
operates at line speed (measured to be approximately 11 MB/g) as the slopes of
lines ‘a’ and ‘b’ are approximately equal, The latency introduced by the addition of
a switch is negligible at this level of difference as shown by the horizontal
differences of points on the lines of ‘2’ and ‘', The Jatency of edding extra routers
and is given by the lime between lines ‘¢’ and *d’ and lines *d’ and ‘e’ which is
approximately 1ms.
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Figure 1; Data Verses PING Transfer Time

It can be clearly seen that the with the introduction of a router the bandwidth drops
from 11.4 MB/s to approximately 7.5 MB/s as given by he difference in twice the
slope of appropriate lines, It should be noted that fast switching was enabled by
default on all routers and switches.

FTP Transfer Time Experiments

Further experiments were conducted by transmilting across a series of devices
using File Transfer Pratocol (FTP). To investigate larger file transfers PING can
only send data up to 64KB. Figure 2 shows the bandwidths obtained using different
canfigurations an example of which shown in Figure 3. This showed that the
addition of a router in a series of (B-Nedes) decreased the bandwidth to 7.5 MB/s -
in keeping with the previous PING experiment.

Devce vs Bandwidth

2] PSP PSRSP PSZRSP PS2RSP
Devices

Figure 3: Device Yerses Bandwidth for FTP Transfers

342



Negative Bandwidth Experiments

In arder to model the reduction in bandwidth due to the addition processing on
devices e.g. {a router) the zuthors measured the decrease in cbserved bandwidth
when processing is taking place compared to the bandwidth when this processing is
not taking place, and they defined this as *negative bandwidth’.

To further investigate the effect of processing in the router, upon the bandwidth of
traffic flowing through it, Access Control Lists (ACLs) were used te provide a
measure of ‘negative bandwidth’. ACLs can affect router performance as noted by
Davis who notes that: “Using access lists for route filtering is CPU intensive.
Overuse of routing filtering can slow the flow of packets. Tvpically your router uses
net flow or fast processors for fast switching. When you use raute filtering, you use
the slowest mode of process switching. The router usuatly has but one processor
available for process switching ™ (Davies, 2002). Significantly effects of ACLs are
not quantified even though such a measure can be useful. To obtain such a measure
expetimentally extended ACLs of varying numbers of statements were applied to
router Fast Ethernet interfaces and effects upon bandwidth noted. The results are
shown in Figure 4. It can be concluded that, with the equipment used, the decrease
in bandwidth is approximately 32kB/s per additional ACL statement as indicated by
the slopes. (The dashed line is represents a file size of 150MB and the solid line
indicates a file size of 15MB}.

Bandwidth v/s No of ACLs

-]

75 100

25 &0
No of ACL statements

Figure 4;: Bandwidth Verses Number of ACL Statemenis

B-Node Madel Requirements

The B-Node model would need to handle both serfes and parallel configurations.
These are represented as in figures 5 and &, Given a chain of devices in series the
resultant bandwidth is the minimum bandwidth of given set of individual
bandwidths of each of these devices.

Where: B (Resultant) = Min{B1,B82,B3, ...}.

This micimum result was also noted by Jain and Dovrolis (Jain and Dovrolis,
2002).
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Figure 5: B-Nodes in Series

ACLs were applied to & series of routers and the major effect on the overall source
to destination bandwidth was dominated by the router with the maximum pumber
of ACLs statements, Furthenmore, this pringiple can also be seen to apply in Figure
3 when routers were infroduced into the chain the bandwidth dropped from 11.5
MB/s to 7.5 MB/s. As well as routers in series data can also flow through parallel
routes through an intemetwork as show in Figure 6, The division of such flows can
depend upon the particular routing protocol implemented (Lammie & Pfund, 2002;
MeGregor, 2001). This requirement lead to a resultant bandwidth which is the sum
of given set of parallel bandwidths:
B(Resultant) = Sum{B1, B2, B3, ...}
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Figure 6: B-Nodes in Paralle)

Modeling the Flow of Data

To aflow for more complex configuration the modelling of networks and
intemstworks via bandwidth based B-Nodes reguires a consideration of

converging, diverging, counter-flow and crossing data-flows. These have the
representations shown in Figure 7.
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Figure 7: Data Flow Representations
Converging Data Flows

Files were concurrently setit across a netwark from a source PCs to & destination
PCs that is from Pyto Py, P2 ta Psand Py to Py as shown in figure 8.

Py P P P, Ps Py

Figure 8: Experimental Configurailon

Files of different length, such that Ly>> Ly > Ly, were first sent individually between
PSRSP configuration. A value of channel capacity C, which is the bandwidth from
the saurce PC 1o a destination PC using FTP, was previously found to be 7.5 MB/s.
Next the effect of the files sharing the capacity C of the link was investigated. The
version of FTP used only gave transfer times therefore an experimentzl design
technique used to reduce timing errors used was 1o send a series of files across the
network, whergby each subsequent file sent was smaller than the previous file and
also amrived ahead of it, as shown in Figure 9. As the initial bandwidths of the file

transmission without any other data sharing the channel was 7.5MB/s = C.
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Figure 9: File transmission sequences

The Convergence Formula

A hypothesis was that the files would “squeeze” into the channel and so become
elongated with respect to titne. This can be seen by considering the diagrams in
Figure 10 and Lie presents a similar argument for such elongation (Lai & Baker,
2000). This is in keeping with what was expected from equal priority packet
switching.

B {MB/s)

c

ts)

tietiety

ti+lz
———————>

Figure 10: File bandwidths *squeezed’ into a channel

H three files of equal bandwidth attempt to share the channel at the same time then
C/3.The following formula derivation assumes equal bandwidths on data flows,
equal priority packet switching and also that the channel capecity C <sum of the
individual bandwidths of the data flows. This gives the following series for the
times to transfer the files and results in the formula shown for determining total
transfer time. Assuming nested file transmission times as in figure 10 and that N
represents the number of files to be transmitted.
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Time t =LAC/3)=3L,/C
Similarly t; = (remaining data in L2)/ bandwidth
=(Le-L)KC/2) = 2L-Li)/C
t3={(Ls-L2)/C

ta = fy+1p +13 .. In
= NL /C+{N-1){Ly - Li¥C ... +({La—Lpa}C

This series results in the following formula for the nth term:

MN-n+1)(Ln—Lni)
C

th=

Whete Ly =0and By =0.

It can be seen by considering diagram 9 that the file L; will amrive with a time of t
and file L, will amrive with a time t; + t; and so on. These results were confirmed by
experiment within an accuracy of 5% or better which confitms how the FTP filss
converged. These experiments were needed to form a foundation upon which to
build more complex models to form networks and intemetworks. Such
internstworking models can then be made more complex as show in Figure 11.

Figure 11; B-Nodes with Recursive Decomposition

The B-Node model needs to undergo further development and testing and testing
and its breakdown points need to be determined.

Conclusions

Constructivism offers the possibility of meeningful conceptually based measures of
performence. B-Node moedels are high level abstractions that are decoupled from
the underlying technological detail. From the work to date, under the constraints of
the equipment used, it may be concluded that the switches operated at line near to a
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line speed, Furthermore, introduciny ronters into the path of the data flow reduced
bandwidths. The authors have quantitatively evaluated the nepative bandwidth
introduced per extrn extended ACL statement. Further investigations are being
undertaken to determine the effects of counter-flows and cross-flows. The B-Node
model needs further investigation and its breakdown points need to be determined.
Further work is planned to repeat these experiments with a renge of routers
switches and PCs and to use a range of other protocols such as HTTP as the transfer
program. Work (o date suggests that this simple quantitative model may support
student learning.
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APPENDIX D

CONVERGING FLOWS OF DATA WITH UNEQUAL

BANDWIDTHS

Introduction

Towards the end of this study Ciseo Internetworking equipment became
available for teaching purposes and this was subsequently utilised into research
further developing the B-Nede model. Part of this research was described in
Appendix C where equal bandwidth converging flows of data were considered.
Thiz: led to a requirement to model realistic situations such as converging flows of
date across a commen link were of unequal bandwidth, Formulae have been
developed for such situations but have not yet been tested experimentally due to
time constraints of the approaching thesis submission date. The necessary extensive

literature search for similarly formulae has also not yet been undertaken,

Unequal bandwidth convergence formulae could also be zpplied to situations where
the bandwidths appear to be equal within a few percent of each other. In such cases
its use could achisve a better result than those obtained using the equal bandwidth
formula. To derive a formula, Jet the channel capacity = C, which is the bandwidth
from the source PC to a destination PC using FTP. (This was used as a comman
TCP file transfer program for the injtial investigations other transfers are to be

investigated in the future}.

A converging flow {figure 9) with ACLs applied to router interfaces can be
used to create data flows of unequal bandwidths. It shonld be noted that the reason
to use switches is to avoid 1he need for routers with multiple Ethernet interfaces,
The bottleneck should occur at the single link that will carry all the converged

flows of data.
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Fipure 9 An Experimental Configuration for Investigating Converging Flows
of Data .

N files (F:, F3,Fs .. Fy) are ansmitted each of decreasing length {Ly... L3, Lz, L;)
respectively. The files are sent such that Fy, goes from Py to P;, F, poes from P; to
Ps and F;, goes from P; to Ps. Furthermore, the files are of such lengths that Fp
starts after F; has started but finishes before Fa and F, star1s after F; has started, but
completes its transmission across the channel before it and so on. This leads to the
situation showing the nested file transmission times (figure 10). This is necessary
because the FTP program under windows only gives transmission and such nested
transrission ensures that the ¥, shares with F; and file F; for 2 known time and

similarly file F2 shares with only file F; also for a known time.
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Figure 10 Unequal Bandwidth Nested File Transmission
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In figure 10 the differing heights of the files indicates their unequal
bandwidths. Appendix C gave the equal bandwidth convergence formula, With the
convergence of flows of data of unequal bandwidths a suitable formula is required,

The Unequal Bandwidth Convergence Formula

When these files squeeze into 2 channel of capacity C MB/s, such that C is
less than or equal to the bandwidths of the files F; F; or Fa this leads fo the files
sharing batndwicdths as shown in figure 11.

Figure 11 Unequal Bandwidth Nested File Transudssion via a Channel
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Table 11 indicates the symbols and patterns associated with figure 11.

Table 11 Transmitted Files: Lengths, Transmission Times and Patterns.

File | File length (MBs) | Time to transmit file (5) Grid pattern
Fi L L

F I h+tz

Fa La htt: +1

By Ln hity Fho.ty

Let t; = time for file F; 1o share the channel capacity with N -1 other
files where N numiber of files initially sharing the channel.

Let t; = time for file F; to share the channel capacity with F;

after file F; has traversed the channel.

Hengce the time to transmit 2 file is:

t, = Lengthremaining of the nth file that is to be sent
when the channel is being shared by N- n files

Channel bandwidth available to the nth file

t = Length of the nth file — Length of file the nth file already sent
Chantiel bandwidth available to the nth file

However, the length of the file F, already sent = t,. multiplied by its share of
channel during that time period + tn.2 multiplied by its share of channel during
that time period + ...

B, has a share of the channel bandwidth = B,C/A{By+ By +.... By)
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Bl

i=N
sz
{=n

Hence the length of file Fy already sent = to BoC + £, B,C +.....
j=N i=N

EB,‘ EBj

Je=n-l j=n-2

kmn-l
BnCh
=1
2B,
ji=k

[

Recall that:

t, = Length remaining of the mh file that is to be sent
when the channel is being shared by n files

Channel bandwidth available to the nth file

Substituting:
k=]
B.Cty
t,, = =N
Ln - k=1 ZB}
{=k
B, C
=N
ZB
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Reamanging;

ZB ( 2 CZI;BJ)

c

This results in the unequal bandwidth convergence formula:

.-N (__ Z‘ sz)

k=]

To find the total time f,,y for all of the files to traverse the network

botat = f1+t +i . tN

=N
Tatal = 2 tn
!

As before tao = Total length of files transmitted divided by the channel capacity.
This can act es a check on the results by noting that this is the case after the
transmission of a proup of converging nested files.
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A Test of the Unequal Bandwidth Convergence Formula
Assuming Ly = 100ME, L; = 180MB L, = 180MB
and that B; = 4MB/s, B;=6MB/s, B; = 10MB/s, and that C = 10MB/s

Substituting inte the uneque) bandwidth convergence formula, the file transmission

times are:
t; = (20x100)/(10x4) = 505
ty= 16{(180/(6x10) — (50/20)) = 16(3-2.5) = 8s
ty= LO{((500/(10x10))-(8/16) — {50/20)) = 10( 5 - 0.5 - 2.5} = 10(20) = 20
tom=t1 +12 +t3 =5048+20="78s

Also tiw =(L1 +L2 + L3 ¥C as the channe] capacity is fully utilised aver the

whale time that the files are sent.

Therefore ty = (100 + 180 + 500)/10 = 780/10 = 78s as expected. This situation is
shawn in table 12,

Table 12 Transmitted Files: Lengths, Overall Transmission Times and
Bandwidths.

File | File length (MBs) | Total time to transmit file (s) Fﬂ%ﬁ;“d‘”id“‘
Fi [Ly=100 ty =50 B, =4
F, |L, =180 i+t =50+ 8=58 B, =6
Fy |1y =500 L4t F3=30+8+20=78 |B; =10

It should be noted that B; was chosen to use the whole of channel capacity
C, If this were not he case then the bottleneck would not occur in channe] C and the
formula wonld not apply for this situation as it was based on the assumption of full
use of the channel for the whole periad of time under consideration. This situation
also implies that no packets are dropped. Future research is envisaged where packet
dropping is built into the model.
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APPENDIX E

THE FRACTIONAL CHANNEL CONVERGENCE FORMULA

In Quality of Service (QoS) situations or other situations where it may be more
convenient to consider the bandwidth as a fraction of the channel capacity C then
the followityg formula can apply. Considering the siteation in which only two files
are sharing a channel where File F of length L, has bandwidth equal to the fraction
fof C and the other file F3 of lengih L; then has bandwidth equal to (1-f) of C.

If the two files are sent across the channel with nested file transiission

times then again

Remaining length of the nth file to be transmitted
when the channe] is being shared by n files

Channel bandwidth availsble to the nth file

Timet; = the time forthe file L, to cross the netwotk
L
ty =
fC
f; = the time for the file the remainder of L; to

cross the network afler a time t,

Length of the 2Znd file — Length of 1st file

multiplied by the ratio of the bandwidth

of the 2nd file to the bandwidth af 1st file
Chantie] bandwidth available to the 2nd file

t; =

357



f;
c
L~ {1/ - 1} L
bt =
C
Ly +La t o+ 4
C
Ly +1;
t; 1 2
C
The expected the total time:
b = 1) + 1z
Lol =
B = Li+1;

Hence acting as a check on the result.

- L—(@-0DL

Ly

fC

Total length of the file to be transmitted

Channe! bandwidth

C
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APPENDIX F

THE EQUAL BANDWIDTH CONVERGENCE FORMULA AND

THE HARMONIC MEAN

When considering equal bandwidth convergence as in appendix C the author
noticed similerities between the equal bandwidth convergence formula and the

formula for the harmonic mean. From appendix C the total time = tym
bow =t ¥+t +... Ty
tiow = Total length of fites/C
=(Ly— Lo)Bi+ (La- Li)¥Bz + ...+ (Ln—Lya)/ By

Wherelg =0and By =0

L
B

, =

L,-1;

B2

The general case is:
Ly~ Lna

By
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b= b+t +....t1y

Litlob,o#ly _ L L=l By — Ly
C B B
This gives the C as the harmonic mean where:
c Li+Lat ... +Ly
Ln-Ly.

B

Lo, b,

B;

By

The harmonic mean is one of the many forms of averaging (Fleming
& Wallace, 1984; Liljn, 2000; Niwa, 2003} and was included in Euclid's
Elements (Euclid, ¢, 300 BC/1999). It seems a fitting point to end this thesis

where modem internetworking experimentation results in a formulation

known 1o the classical Greeks.
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APPENDIX G

LIST OF ACRONYMS

Australasian Association for Engineering Education

American Association of School Administrators

... Australian Broadcasting Corperation

Australian Computer Journal

Access Control Lists

Assaciation for Computing Machinery
Ausiralian Computer Society
Australian Education Council
Accelerated Graphics Port

Assembly Level Manufacturing

Americas Conference on Information Systems

... Advanced Micro Devices

Australian Personal Computer

Advanced Technology Attachment Interface
Asynchronous Transfer Mode

Association for Information Systems

Association for  Information  Technology
Professionals

. Assembly Level Manufacturing

Americas Conference on Information Systems

... Address Resolution Protocol
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ASEE......cccommmnnnnnnns Anetican Society for Engineering Education
ABICS....osvmvmmeeiseennnnns Application Specific Integrated Circuits
AVA . Ametican Vocational Association

BAP .c.cunvwssmmnsesrnsnnnns Batidwidth Allocation Protocol

BCS ...oocvmmrmserssniisssenn... British Computer Society

BIOS ...ccvennnnrnrenannnns B2SIC Input Ontput System

BPS -.ceecnssrsrermeseesssmeenenrs DILS per SeCON

BRI issmssssssansseannns Basic Rate Interface

CATE . vonnsiessraremsearsees CoOMputers and Advanced Technology in Education
CBA e erisssnsnn.o. Competency-Based Assessment
CBL...ccoemrinssiresmmsnsenes COMputer-Based Learning

CBMG S ..uu.eecsssisessnenss CUstomer Behaviour Model Graphs

CCIE ..vcccnninmaannnnonenns Cisco Certified Internet Expert

CCNA crrmemseneeenee ClsC0 Certified Network Associate
CCNP........coovssriireansnnns Cisee Certified Network Professional

CCTA..civsecsronnsnnnennns Central - Computer Telecommunications Agency
(UFK)

CD-ROM....ccoecrrnnnnennes Compact Dise-Read Only Memory
CHS..ovnnrssssssmmnssnenans Cylinder, Head, Sector

CIM .....covmmmnnerirsssennn, COmputer Installation and Maintenance
CIR...oouissermmssssrenenannns Committed Information Rate

CMBGS .....covvsereeeceennenn Clistortier Maodel Behaviour Graphs

CMOS ..o eveissenen Complementary Metal Oxide Semiconductors
CNA ...corsrsssssronsernannss Certified Noavell Administrator
CNAP....oneccsssirasmanne, Clsco Network Academy Program
CNE.rccecsnismmmsmmnens Certified Novell Engineer

CNS e cecinssresmmesceeneess CoMIpRter and Metwork Support
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DDR SDRAM.....ccusrone

Computer and Network Technology
Central Processor Unit-

Cathode Ray Tube

Cathode Ray Oscitloscope
Computer Science

Computer Science Education
Client/Server Interaction Diagrams
Computer Systems Management
Computerized Tomography

Double Data Rate Synchronous Dynamic Random
Access Memoty

Department of Employment, Education and
Training {Ausiralia)

Department of Education, Training and Youth
affairs (Australia)

Data Flow Diagram

Department for Employment and Education {(UK)
Dual In Line Memory Modules
Domain Name Server

Disk Operating System

Dynamic Random Access Memory
Digital Signalling

Digital Versatile Discs

Dense Wave Division Multiplexing
Error Correcting Code

Edith Cowan University

.. Extended Data Out

Extremely High Tension
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... Enhanced Integrated Drive Electronics

Protocol

... Encoder/Decoder

ENIAC ... Electronic Numerical Integrator and Computer
ESEE.. ... Buropean Society for Engineering Education
FCS. ... Frame Check Sequence

FCHS.. ... Faculty of Computing Health and Science
FDD.. . Floppy Disk Drive

FE.... . Further Education (UK}

FEU .o Further Education Unit (UK)

FPM. .. Fast Papge Mods

1T frames per second

FSB. ... Front 8ide Bus

FTE.. ... File Transfer Protocol

GUI ... .. Graphical User Interface

GPSS.. ... General Purpose Systerm Simulation

HDD, ... Hard Disk Drive

HE. ... Higher Education

HMSO ... Her Majesty's Staticnery Office

HTTP..... ... Hypertext Transfer Protocol

BTTES .. . Secure Hypertext Transfer Protocol

[ARC, .. International Agency for Research on Cancer

[ASTED ..coiisinssssariinens

L5

International  Association of Science
Technalogy for Development

Internaiional Business Machines

Integrated Circuits

-« Enhanced Interior Gateway Routing Gateway

and
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Inte] Cemparative Microprocessor Performance
Index

Information and Communication Technalogies

IDE..cn.. ... [ntegrated Drive Electronics

IEEE ...ccecomnsrseeeereeneences BleCtrical and Electranic Engineers

| & S .. IputfOutput

IP.... ... Internet Profocol

IS cemsmrsresssssssssrensnsrans Information Systerns

| 7 N Industry Standard Architecture

ISDN. ... Integrated Services Dipital Network

180. ... International Standards Institute

IT..... ... Information Technology

TTICSE ... Innovation and Technolegy in Computer Science
Education

JRPIT oerisrsmersnsssesens Journal of Rescarch into Information Technology

LAN ... ... Local Area Network

LB ... ... Lacal Bus

LSI Large Scale Integration

MBEs.. ... Mega Bytes

MBS o missssssssssssnsanns Mega Bytes per second

TNPS crvssssinersssorrrrmssrssnssans Megabits per second

MCA cvirsamsrssssssasscnns Micro Channel Architecture

MCQs. ... Multiple Choice Questions

MCSE ... Microsoft Certified Systems Engineer

MIMD,... ... Multiple instruction streamn, multiple data stream

MIPS. ... Milliens of Instructions per Second

MIS ... Management Information Systems

Multiple instruction single data stream
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NCVER woninssinmiinn

Millions of Floating point Operations per Second

Ministers of Vocational Education, Employment
and Training {Australia}

.. Microprocessor Units

... Magnetic Resonance [magery

Material Safety Datasheets
Medim Scale Integration
Master of Science in Information Systems

National Associgtion for Research in Science
Teaching (1J54)

National Association of Teachers in Further and
Higher Education (UK}

National Board of Employment Education and
Training (Australia)

National Computing Centre {UK)

National Centre for Vocational Education Research
{Anstralia)

National Council for Vocational Qualifications

(UK)

... Netwark Dresipn & Management

Natignal Foundation for Educational Research in
England and Wales (UK}

Netwaork File System
Network Installation and Maintenance
Network Operating System

National Science Foundation (USA)

... New Technology

National Vocational Qualifications {UK)
Optical Carrier

Organisation for Economic Co-cperation and
Development
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OHB....cnvcrcesnssinninnen. OCCUpational Health and Safety

OPNET....cmmmereemrrnrrennss Optimized Network Engineering Tools

08 s Qpetating System

OBl cecrerrsessseorsersmernannnse IpeRl Systems Interconnection Madel

OSPE ..covvvsmmrssesersraneess Open Shortest Path First

OUceir s Qpen University (UK)

PC..cviccnnrssnsssnrssssssnennss PETEGNAL CoOmputer

PCBs ......ovmmeecscisenesmnns POlychlorinated Biphenyls

PCI o crecsvessmnssrensssennes Peripheral Compotent Interconnect

PDUS ..ovsrsssmsicsseserrranse PEotoco] Data Units

PING ....oovervesnrsreannannss PoCket Internet Groper

PIR crccriresmnssessssnsens Pk Information Rate

PLA ... cinriserianne.. Programmable Logic Array

PRuurcccnmrssenmsnirresssssensss. PEITOrMance Rating

0], S Quality of Service

RAM ... irisssinse... Random Access Memory

RAS. i rrisssisrsnns REmote Access Server

RCDS......onmrrervvemrersanners ReEGIdUAL Current Devices

RDRAM........ccoussmn..... Rambus Random Access Memory

RF..onmmererommnssesmmnennnnnns Ri2di0 Frequency

ROM .......ccucrmrmmrmmsninses Read Only Memory

RSVE.....o e iissiienne.. ResoUTCE Reservation Protocol

RTT weoerirsnacsssmreconnnens ROUNA Ttip Time

TP ermirsnsmresssrssensasnrennnenss FEVONLtIONS per second

SCIS ...osererrscesisnsennr SCho01 of Computer and Infornuation Seience

SSAD. .......cosnisninnnn.. Structured Systerns Analysis and Desipn Method

SATA ...covvecenireccnnnen. Serial Advanced Techrology Attachment Interface
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SIGCOMM ..ocvnnirrrrmasns

Small Systems Computer Interface
Synchronous Random Access Memory
Systems Internationale

ACM Special Interest Group on Ada Programming
Language

ACM  Special Interest Group on Date

- Communicetion

SIGCSE iininsesssssmssariones

SIGCPR....covunnssrniiinins

SIGMETRICS............

ACM Special Interest Group on Computer Science
Education

ACM Special Interest Group on  Computer
Personne] Research

ACM Special Interest Group on Measurement and
Evalnation

Single instruction stream, multiple data stream

... Single In-ling Memory Modules

.. Single instruction stream, single data stream
- Small 2nd Medium Enterprises

... Surface Monnted Technology

... System Performance Evaluation Co-operative

Static Read Only Memory

... Structured Systems Analysis and Design Method
. Small Scale Integration

... Statistical Time Division Multiplexing

... Spanning Tree Protocol

... Tertiary and Further Education {Australia)

... Transmission Control Protocel

... Trivial File Transmission Protocol

transactions per second

Transistor-Transistor Logic
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UDP...comerrrersmssssensaane. Universal Datagram Protocol

UICEE....uuvusmmesnenns UNESCO  Intenational Centre for Engineering
Education

UNESCO.......... U United Nations Educational Scientific and Cultural
‘Organisation

USB...oocieimmsissnssnsennns Universal Serial Bus

UPT .conmnessmsssansensannns Unshielded Twisted Pair

VAD . eesisssicenns Yoice Activity Detection
VESA........cconmmnmmvonnennns ¥ideo Electronic Standards Association
VDU coressessesssessmnensonss Vistial Diisplay Unit

VGA coreeeissssinnins Video Graphics Array

VLAN ..o Virtual Local Area Network

B2 5] Very Large Scale Integration

VOIP .....ooovsiiinsissssnnnnn VOICE 0Over Internet Protocol

WAWISR ...ooocvveervnrennr. Western  Australian Workshop on  Information
Systems

WAN.....ooveerisseenn Wide Area Network

WDM ......onnirnsnnsnns Wave Division Multiplexing
WHO oo World Health Organisation

A 0 T Zone of Proximal Developmett
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