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Abstract

This study describes requirements for an instrument to measure the quality of semantic
standards. A situational requirements engineering method was used, resulting in a goal-tree
in which requirements are structured. This structure shows requirements related to the input
of the instrument; stating that the instrument should be useful for a set of different semantic
standards. It also shows that the instrument should be efficient and especially easy to use.
Finally there a set of requirements related to the outcome of the instrument, stressing that a
high quality outcome is important, including improvement suggestions. Based on this set of
requirements a foundation for the design phase has been created.

1. Introduction

In the late 80’s and early 90’s, e-business wayg anhilable for large companies because of
the costs of Value Added Networks (VAN) necessaryHDI. The introduction of XML and
the Internet made e-business accessible for SM¥S'a result, lots of XML based, semantic
standards were developed. Semantic standards lokesise syntax and semantics of messages
that are exchanged, and are usually developedcartain branch. Although these standards
are usually developed with the best intentionsy tféen have quality issues like difficult to
understand, multiple interpretations, etc. Previstuslies (Folmer, Berends, Oude Luttighuis,
& Van Hillegersberg, 2009; Folmer, Oude LuttighugsVan Hillegersberg, 2010) showed
that improving the quality of these standards v&Bult in better interoperability between (IT
systems of) organisations, while on the other Hargdtopic qualifies as research gap. In order
to improve the quality of semantic standards, atriment is needed to measure the quality.
Before developing such an instrument, it is neagsadetermine its requirements, bringing
us to the main research question in this paper:

What are requirements for an instrument to measure the quality of semantic standards?
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The goal of this study is to answer this researgtstion by performing a requirements study.
We start by presenting the chosen research mefblbalyed by details about the gathering

process. We will present the resulting requiremeadswvell as our conclusions and directions
for further research.

2. Research Method

For our purposes, we decided to embrace the nadfosituational method engineering

(Brinkkemper, 1998; Coulin, 2006), and assembleregquirements gathering process using
fragments from three well-known requirements engimg methods: QFD, KAOS, and

Volere.

QFD is a method for requirements elicitation amehsformation of requirements into product
design. It has been developed by Akao (Akao, 19B8yed on the quality concepts of
Deming. It is primarily used for designing physigabducts, but can also be used for IT
products. Its best known aspect is the so-calledse®f Quality. But, QFD also includes a
team-based iterative method for understanding tretomer requirements. The House of
Quality is a matrix with the “whats” and the “howate plotted on each of its axes. The
“whats” represents the customer requirements amd “Hows” represent the functional

requirements for the system. In consecutive stifygs;hows” from the previous step are the
“whats” for the next step. This gives a level-I&teucture to requirements, while maintaining
the link with the customer requirements at the agjlhevel.

The KAOS (Knowledge Acquisition in automated Speaifion) methodology has been

designed at the University of Leuven (Louvain) Ire tearly 1990s, and continues to be
improved (Al-Subaie & Maibaum, 2006). KAOS is acled “Goal Oriented Requirements
Engineering (GORE)” (Van Lamsweerde, 2004) methoéd GORE method, a “goal-tree” is

developed during the requirements engineering phAlegoals and requirements must
contribute to a higher-level goal in the goal trard eventually leading to one pre-defined
top-level goal. This property supports the requeata elicitation and selection process
because one can find higher level goals by askied'why” question, and lower level goals

by asking the “how” question. It is a flexible methin the sense that it supports top-down,
bottom-up and middle-out requirements gathering alsth makes it possible to start by
providing guidelines on how different requiremergtate, and by relating requirements to a
pre-defined, top-level goal.

On a different level there is the Volere Requiretadtrocess Model (Robertson & Robertson,
1999), which is a process for gathering and testeguirements. An important pragmatic
element of Volere is the Volere shell; a templatertake sure you gather all information
about a requirement, such as the history of theireaent, customer satisfaction, its rationale
and fit criteria.

Although each of these three methods might havee dibve job sufficiently for our
requirements study, neither one perfectly matched sstuation. Therefore, we chose a
combination of elements from each of the methode Goal-tree approach of KAOS was
selected for its ability to structure requiremenist as the reasoning approach (asking how
and why questions). KAOS formal information modwadliapproach was not chosen, because
it was too extensive for our purposes.

From QFD, we took the customer approach and th&skops, as efficient ways to involve
stakeholders. Since domain expertise is essemtiaeguirements elicitation, we involved



potential end users of the instrument in our wooksh Participants have backgrounds in
international standardisation initiatives and cdamie testing. A two-step approach was
chosen to improve the results and also not to asknhuch time of participants. The

workshops were lead by requirements gathering éxpevho afterwards processed the
outcome in a consistent and complete result. Thaselof Quality was not used, because it
includes considerable amounts of physical prodeletted aspects, and the goal-tree from
KAQOS present a viable alternative intended foringte domain of information systems.

Like QFD, Volere emphasizes end user involveméret,role of domain expertise and the use
of workshops for elicitation. Our use of the KAO&agtree ends with the identification of the
requirements. From the Volere shell, we took adddl attributes of the requirements, like
“Fit Criterion”, enabling us to express how compta to a requirement can be tested
preventing requirements from vagueness, and “Ryfouseful when requirements compete,
either because they conflict, or because implenientaresources are scarce. Another
important attribute from Volere “rationale” was retplicitly used, since it follows from the
goal tree.

3. The process

Preparations were carried out for two workshop®Iwing potential end users. Five domain
experts participated in the first workshop, whichswheld in June 2009. Experience from
semantic standards from different domains was deduby these experts: temporary staffing
(hr-XML, SETU), finance/e-invoicing (UBL), disastemanagement, education (IMS,

Edustandaard) and healthcare (HL7, CEN/EN 1360&jA\iVektis).

In the second workshop, also five experts contedu his time, experience from technical
Standard Development Organisations (SDO’s) waslweab IEEE, 3GP, OMA, OPT, and
ITU-T. Although these are not the main type of ptitd users, this session was extremely
valuable. Those involved in technical standardsehavany years of experience, while
expertise within semantic standards is relativewnSemantic interoperability does not have
the same rich history as technical interoperability

The exact form of the instrument (e.g. softward,tatethod or book) was not determined
prior to the workshops. We wanted the participaitto feel restricted beforehand. Also, the
meaning of concepts like quality and semantic stechadvas left implicit. This turned out to
work quit well, since interesting discussions &drbon details of definitions. Figure 1 was
used as the starting point of the workshops. Itwshihne instrument as a black box converting
input (standard) to output (report). It also suggessible forms of the instrument, like some
kind of handbook and/or tool. Different actors al®wn that will be involved in using the
instrument. The distinction between the principal éester shows a possible differentiation in
the person who commissions the use of the instrtuarahis selecting the measurements and
the persons who is carrying out the measuremesgte().
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Figure 1 - Context diagram

During the workshop, participants were asked tonkhabout, and write down the
requirements and, after several minutes, presem tio the other participants. With help of
the requirements expert, the requirement was tleledito the goal tree. This process was
repeated several times within the workshop. Thisstitutes a bottom-up approach, starting
with a set of initial requirements and expandinigyitasking how and why questions.

The result was a large amount of post-its, inclgdiredundant requirements, vague
descriptions, general remarks, etc. Processingethesolved selection and removal

(redundant requirements, remarks), structuring iwith tree, completing the goal-tree by
adding requirements, and formulating the requirdmBmen, the requirements were annotated
with fit criteria and priorities.

4. The results

This section will present the goal tree gatherethfthe workshop sessions. It will start with
the top-level goal, and the three level-two goldseach of the following sections, one of the
level-two goals is further decomposed. At the buottaf the goal tree (the leafs), requirements
are specified.

4.1 Overview

The top-level goal of the instrument is to supg@mantic SDO’s in developing high quality
standards. The rationale for this goal is the ganselieve that higher quality standards will
lead to improved interoperability. The term SDQused throughout this paper, while others
(including (Cargill & Bolin, 2007; Jakobs, 2009strict this term for use on formal

organisations like ISO only, and use the term SiehdSetting Organisation (SSO) or
Standard Setting Body (SSB) for non-formal orgaises. Since this distinction is not

relevant for our purpose, we use the term SDO foorganisations involved in standards
development and maintenance. Figure 2 shows thdéet@b goal, and the three level-two

goals.
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Figure 2 - Top of the goal tree

These three sub goals will be decomposed in thewolg sections. A detailed description of
all requirements is presented in appendix 1.

4.2 Useful for semantic standards of different SDO’ S

Figure 3 gives an overview of all the sub-goals segliirements that need to be fulfilled for
this level-two goal.

A. Useful for
semantic standards
of different SDO’s
Easy to customize A7. Useable for
different types of

semantic standards

T

Easy to customize by
developer of
instrument

Easy to customize by
principal using the
instrument

A1. Possible to add
quality aspects

A2. Possible to add
new indicators

A3.Possible to add
new metrics

AN

A4. Possible to
choose a metric if
more than one is
available

Ab5. Possible to
personalize the
weighing of individual
quality aspects

A6. Possible to
choose an indicator if
more than one is
available

Figure 3 - Useful for semantic standards of differet SDO’s

First, the instrument should be easy to customizes is because SDO’s differ in their
approach and in the quality aspects they find ingmbr Also, the instrument should be
useable for different types of semantic standards.

Regarding the customizability of the instrumenisitmportant that several roles involved in

using the instrument can perform the customizati@r.the designer of the instrument, it is

important that new elements (quality aspects, etdis, and metrics) can easily be added to
the instrument. For the principal using the insteam it is important that he can easily choose
between different elements (e.g. measurements$jeoinstrument (if more are available), and

that he can customize his “view” on quality by gashanging the weight factors.



4.3 Efficiently determine the quality and improveme nt suggestions
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templates for
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Figure 4 - Efficiently determine the quality and inprovement suggestions
Figure 4 shows the decomposition of this level-tyoal.

During the workshops, ease of use mainly focusedhentime required to execute certain
activities. A distinction was made between the tifmelearning how to use the instrument
(short learning curve), the time for executing st,tand the time for interpreting the results.
Requirements were specified for all three aspdatsorder to reduce the time taken for
execution, the instrument should require as litifaut as possible.

In order to make the instrument useable in diffengimases of the standard development
process, a number of requirements have to be nheselrequirements focus mainly on the
input that has to be provided to the instrumentwalf as some functional aspects of the
instrument.

4.4 Have useable results for SDO’s

Besides providing quality scores for a standard, ittstrument should also provide the user
with suggestions for adjusting the standard sahédriquality can be achieved. An instrument
for determining the quality of standards shouldcotfirse, have a high quality output itself.
Figure 5 shows the goals and requirement that ttalse met in order to have useable results.



C. Have useable
results for SDO’s

A

C3. Have an
outcome that
contains
improvement
suggestions

Have an outcome
that contains the
quality of a standard

PN

C2. Useable to rank
standards

Have high quality
outcome

PN

C4. Have outcome
that is specifiec
enough for appliance

C1. Make a
distinction between
the standard and its

presentation form

Have highly reliable,
trusted and unbiased
outcome.

I

Have an outcome C12. Return C13. Contain

C5. Have
standardized input
and output that
conforms to a set of
minimal requirements

C6. Have a sound
fundament

ithat is reproducable
and ndependent of
the tester

improvement
suggestions that lead to
a higher score

interpretation
explanation of
measurement results

Have an outcome that
contains a complete
view on quality

Contain objective
measurements

T

C7. Have well described
and unambigious
indicators and metrics

C8. Have an objectively
determineable metric for
each indicator

Able to generate an
“audit trail”

A

Have all quality
aspects covered

A

C14. Have an outcome
that adresses different
aspects of a standard

that indicates the
principal and his
involvement

C9. Have an outcome

C10. Have an outcome
that indicates the
source material used
for the testing

C11. Have an outcome
that shows the scoring
quality aspects and
applied weightfactor

Figure 5 - Useable results for SDO's

In order for the outcome of the instrument to béigh quality, it should be reliable, trusted,
and unbiased. Besides, the outcome has to be repbdel en independent of the tester. This
can be achieved by generating an audit trail, awvhly objective measures.

Also, the instrument should enable a complete veewquality, meaning that all quality
aspects can be covered.

4.5. General observations and discussion

During the workshops, we focussed on gatheringirements for the quality instrument.

Nonetheless, we received several suggestions fecif&p quality aspects. These quality
aspects will not be used in this phase of our rebedut is an interesting “by catch” for usage
in a later stadium.

Another important notice is that quality is sitweital and time-dependent. This means that
gquality statements may change over time. It alsplies that aspects of the problem
environment should be part of quality.

Another valuable contribution was the suggestiontloé following requirement. The
instrument should indicate the value of the stashdar: 1. Investment, 2. Solution/Cost
reduction, 3. Commercial (Patents). Although inddrg, we think it does not support the
highest goal in our goal tree. The commercial vali@ standard seems irrelevant for the
highest goal related to achieving interoperabilifjhis requirement might lead to an
interesting but different (complementary?) instrainéor example a kind of adoption



measurement instrument that can be used by indiVohganisations to determine whether or
not to invest the adoption or development of adsah

Finally, people can hardly think of requirementgheut thinking of possible solutions. In
time requirements gathering processes gain focubegsproceed, but have to end as well
avoiding designing solutions during requirementgiegering. In our case, the scope was set
by having a short presentation about the problemadto within each workshop. We stopped
the requirements engineering process after twodewf workshops and engineering the
results of the workshops.

5. Reflection on requirements

The second workshop was held with experts havitechnical background, who usually are
involved in technical, telecom-related standardthdugh the scope of the instrument we are
going to develop focuses on semantic standards,getethe impression, based on the
workshops, that an instrument that focuses on teahrstandards might have similar

requirements. This may imply that the instrumerdt tivill be developed based on these
requirements might be useful for other type of déads as well.

On the other hand, we also found that all requirgmengineering methods we examined
assume that a product (physical item or softwasejaing to be produced. In our case, we
have a more abstract concept “instrument”, withoaning chosen the exact representation
yet. This may have resulted in requirements that abvstract as well. One drawback of
abstract requirements is that it is hard to deteemwhether we have a complete set of
requirements. This makes it even more importanhdb only test whether the instrument
fulfils the requirements, but also whether it présea solution to its users.

The lightweight situated requirements engineerirgghod worked quite well and produced
useful requirements. The result is a set of strectuequirements presenting a rich set of
information. We did notice however that a lot oftional requirements were identified, and
only very few non-functional. A possible explanatics again the abstract notion of the
instrument and possible abstract requirements.

In both workshops, the experts made a distinctieveen a standard (consisting of a set of
agreements, but quite an abstract concept), anepinesentation of the standard, for example
a paper document. One standard (for example the G&vidard) can have multiple
representation forms, for example in different lamges. Both the standard (as an abstract
concept) itself as well as the representation fbave quality aspects. It may even occur that
the standard itself has a good quality, while dne representation forms has a poor quality.
This poses an interesting problem: how does onesuneaan abstract concept? Also, if the
quality of a standard is measured using one of rédpresentation forms, how can one
distinguish between the quality of the standarelfitend the quality of the representation?

We already concluded that the instrument might seful for multiple types of standards. It
would have been interesting to compare our resuitts other studies regarding requirements
for quality instruments. Unfortunately, to our krledge, very little research has been done
on requirements for instruments that can be usedmé&asure quality, which makes
comparisons hard.



6. Conclusion

Using a situational method combining fragments &DQKAQOS, and Volere requirements
engineering methods, we constructed a set of repeints for a quality measurement
instrument for semantic standards, and structurechtin a goal tree.

The top goal “To support semantic SDO’s in deveigphigh quality standards” has been
decomposed into three level-two goals, which haenldurther decomposed:

» usefulness for different semantic SDO’s

» efficient to use

* and useable results

Overall we can conclude that the presented seteqfiirements do contribute to our
knowledge about the desires from standardizati@actipioners regarding an instrument for
guality measurement.

The next step would be to start developing anunsént based on the requirement as stated in
this study.
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Appendix 1 - Set of requirements

The Volere method emphasizes the rationale arwlitiirion of the requirement (Robertson &

Robertson, 1999). All of the requirements foundhe requirement engineering phase are

described in the table below. For each requirenteatfollowing information, based on

Volere, is provided:

— Number: the number of the requirement, matches tinenbers used in the figures in
chapter 4

— Short name: a short description of the requiremmatches the names used in the figures
in chapter 4

— Description: a detailed description of the requieain

— Fit criterion: the criteria to determine whethee tiequirement is fulfilled

— Priority: the priority of the requirement, used fahoosing between conflicting

requirements and when time limitations prevent engnting all the requirements

Number Short name Description (what?) Fit criterion Priority

Al Possible to add quality | The instrument should be flexible to | The end user should be able | Medium
aspects add new quality aspects. to add aspects without

dependency on the instrument
designer.

A2 Possible to add new | The instrument should be flexible to | The end user should be able | Medium
indicators add new indicators for existing quality | to add indicators without

aspects. dependency on the instrument
designer.

A3 Possible to add new | The instrument should be flexible to | The end user should be able | Medium
metrics add new metrics to measure existing | to add metrics  without

indicators. dependency on the instrument
designer.

A4 Possible to choose a | The user should have the possibility to | The instrument should present | High
metric if more than one is | chose a metric if more than one is | the user a choice if more than
available available for measuring an indicator. | one metric is available.

Depending on the preferences of the
user, he could select a rigid but time-
consuming metric or a less rigid but
ease to determine metric.

A5 Possible to personalize | The overall quality of a standard is | The user must be able to | High
the weighing of individual | determined by combining all the | personalize the weighing
quality aspects individual quality criteria. However, | factors himself, without the

different users may have different | help of the designer of the
opinions to which quality criteria are | instrument.

important. The instrument should allow

users to personalize the weighing for

all the individual criteria.

A6 Possible to choose an | The user should have the possibility to | The instrument should present | High
indicator if more than one | choose an indicator if more than one is | the user a choice if more than
is available available for a given quality attribute. | one indicator is available.

Depending on the preferences of the
user, he could select a better but time-
consuming indicator, or a lesser but
easy to determine indicator.

A7 Useable for different types | Semantic standard may vary in | The instrument should be | High
of semantic standards content en format, but the instrument | useable for all standards

should be useable for all semantic | presented on www.remlof.eu.
standards.

B1 Have transparent outcome | The outcome of the instrument should | The outcome of the | Medium
provide insight on how the results are | instrument should contain all
determined. To do this, the instrument | applied metrics and weighing
must relate quality aspects to | factors. For all metrics that
attributes of the standard. require human interpretation,

an explanation must be
provided.

B2 Have an outcome | In order to be useable by the user of | Summary of outcome | High
summary that fits on one | the instrument, the outcome summary | maximum of one page A4 size
page (but is more than a | should contain no more than one | using font size 10.
single rate) page.

B3 Contain no more than 7 | Contain no more than 7 tests | The number of tests | low




tests

(compare with car testing: city, snow,
dessert, test track, long ride, etc).

performed by the instrument
should be no more than 7 for
one single standard.

B4 Have standard templates | The instrument should have “standard” | It must be able to use the | Medium
for weighing factors templates for users who do not wish to | instrument without spending

tailor the weighing factors to their own | any time on determining
need. weighing factors.

B5 Have automated | To make the instrument as easy as | All metrics that can be | high
measurements when | possible to use, the instrument should | determined by  machine
possible  (by machine | perform automated measurements | reading should require no
reading) when possible. human interaction.

B6 Contain clear guidelines | The instrument should be easy to use, | A guidelines document should | high
on how to use and therefore contain clear guidelines. | be available.

B7 Instrumental, a “Tool” The instrument should be practical | All parts of the instrument | High

useful by being implemented as tool. should be covered by physical
or software products.

B8 Useable to identify blank | The instrument should not only be | In the results the blank spots | low
spots in work in progress useable for determining the quality of | are presented.

finished standards, but also give
improvement suggestions when used
on work in progress

B9 Facilitate testers The instrument should be useable by | The instrument should make it | low
testers that are implementing a (draft) | possible to test parts of the
standard. standard.

B10 Measure complete | The user should be able to use the | When combining test of | medium

standards as well as | instrument not only on a complete | individual parts of a standard,
individual parts standard, but also on parts of the | 90% of the standards should
standard. have less than 10% deviation
from the testing of the

complete standard.

B11 Support scenario | The instrument should support | It should be possible to use at | low
assertions scenario assertions, “what if...". least two scenarios (minimum

and maximum).

B12 Measure one individual | The instrument should take one | The instrument should never | Medium
standard individual standard (or a part) as input. | require a second standard to

be used.

C1 Make a distinction | One can distinguish a standard (set of | For each measurement and | Low
between the standard and | agreements) and the presentation | attribute it must be clear
its presentation form (usually a document). Some standards | whether the standard or the

are presented in different forms (e.g. | presentation was subject of
different languages). The instrument | investigation.

should give insight in whether a quality

measurement is done on the

representation (document) or the

standard.

c2 Useable to rank standards | The outcome of the instrument should | The outcome of  the | Medium
be useable to compare and rank two | instrument should also include
or more standards (this standard is | one score on the scale of 1 to
better than that standard). 10 (latter is better).

C3 Have an outcome that | The instrument should not only return | For each standard that has a | Medium
contains improvement | the quality of the standard, but also | quality score less then 10, the
suggestions suggestions to improve the standard. instrument should return at

least one improvement
suggestion.

c4 Have outcome that is | The improvement suggestions should | When improvement | Medium
specific enough for | be specific enough for the user to | suggestions are processed by
appliance apply on the standard, without having | 5 independent users, 4 out of

to consult an experienced user. 5 should make the same
changes to the standard.

C5 Have standardized input | In order to process standards in a | For 5 standards that comply to | Medium
and output that conforms | comparable way, the input should | the input requirements, at
to a set of minimal | conform to a minimum set of | least 4 of the outcomes
requirements requirements. When conforming to the | comply to the minimum set of

minimum set of requirements, the | requirements.
output should also conform to a set of
requirements.

C6 Have a sound fundament The result of the instrument should not | The model behind the | High
be easy to devaluate, therefore the | instrument should be
instrument should have a sound, | supported by at least one
theoretical fundament. scientific theory.

Cc7 Have well described and | The indicators and metrics shall be | When asking users to explain | High

unambiguous indicators

and metrics

well described and unambiguous.

the indicators and metrics, 4
out of 5 users give the same
explanation for at least 90
percent of the indicators and




metrics.

c8 Have an objectively | Each indicator has at least one metric | When 5 independent users | High
determinable metric for | that can be determined objectively. test a standard, at least 90
each indicator percent of the metrics shall

score within a 10 percent
margin.

C9 Have an outcome that | In order to determine the objectivity of | The outcome should always | Medium
indicates the principal and | the outcome of the instrument, the | include the principal and his
his involvement principal and his role in the standard | involvement.

(development process) should be
known.

C10 Have an outcome that | The outcome of the instrument should | The outcome should always | Medium
indicates  the  source | always indicate all the source material | indicate the source material.
material used for the | (documents) that is used for the
testing testing.

Ci11 Have an outcome that | The outcome of the instrument should | The outcome of the | Medium
shows the scoring quality | provide insight on how the results are | instrument should contain all
aspects and  applied | determined. To do this, the instrument | applied metrics and weighing
weight factor must relate quality aspects to | factors. For all metrics that

attributes of the standard. require human interpretation,
an explanation must be
provided. (Similar to B1)

C12 Return improvement | After processing the improvement | When using the instrument on | High
suggestions that lead to a | suggestions given by the instrument, | a standard that is not yet
higher score testing the standard should lead to a | finished, a second test after

higher score. applying the improvement
suggestions should return a
higher score.

C13 Contain interpretation | The outcome of the instrument should | Each of the score of an quality | Medium
explanation of | be easy to interpret, and therefore | attribute should contain an
measurement results contain an explanation of the results. explanation.

C14 Have an outcome that | In order to give a complete view on the | Each attribute that has a | Medium

addresses different
aspects of a standard

quality of a standard, all quality
aspects that are important to the user
should be measured.

weighing factor that is larger
than 0, should be assessed
during the testing.




