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ABSTRACT

This project was desigﬁed to address the need for
enrichihg a hands-on learning material presented by the San
Bernardino County Museum. A supplementai computer based
instructional pfogram was created to hélp improVe_students'
understanding of the Desert Habitat Study Kit. The goal of
the project was to implement activities which coﬁtribute to

studenté’ problem—solving abilities, as well as deliver
instruction through a medium which applies multimedia
technology.

Utilizing the énimals and insects represented'in the
Desert Habitat Study Kit, several stacks were developed by
this author with the learning objective of teaching students
about desert animal adaptations. The project was tested and
evaluated with two third grade students.

Theory and practice Surrounding computer design
principles for instructional programs was studied by this
author. The theory of “hierarchical learning” was applied
into the project’s design, including the use of multimedia
technology to help promote problem—solviﬁg skills in
students. ~Content objectivés of the project were in
alignment with the goals prescribed by The California Science
Framework (1990) for students in the third grade and were
based upon the Framework’s theme of “Syétems and

Interactions”.
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CHAPTER I

_ Introduction

In 1990 a movement towards building scientific literacy
in students was brought to‘the‘publicfs éttention through a
presidential science advisory council (Gershon, 1990) . Thié
council was formed in the waké of a growing number of treﬁds
showing declines in students’ math and éciénce scores. In
response to the call for‘reférm in science'education,
educators looked for alternative teaching methods which would
help raise students' science literacy (Gershon, 1990; Hill,
1993). 1In accordance With the California State Board of
Education’s Science Framework for California public schools
(1990), some educators recbgnized the use of hands-onb
materials as one approach for‘significantly impréving science
instruction (Chaille & Britain, 1991).

Today, educators employ the use of hands-on experiences
in the classroom as a feasible application towards increasing
the potential of their science instruction (Chaille & |
Britain, 1991). Lopez & Tuomi (1995) acknowledged this and
explained the following:

. .the best way to accomplish (learning) is to
examine natural phenomena that are brought into the
classroom and studied over time. Active, hands-on,

student-centered inquiry, in which kids learn to apply



_scientific problem solving,;should.be at‘the‘coré’of
‘science education"(p.78)Qv' |
In addition, the inclusion of hands-on expériences in

any learning circumstéﬂce creates»situétibné that eﬁbbdy'the
work of several learning theories (Bybee, 1993; DeVries &
Zan; 1994) . Basedbupon the Piagetian model of learning for.
“concrete thinkeré", Metz (1995) added support for the need
of hands-on materials to address young_students’ scieﬁce
needs, and called for a higher presence of hands-on materials
in science instruction.

In their book, Really Raising Standards, Aday‘& Shayer

(1994) discuss the importance of building a child’s cognitive
development through concrete experiences and exposure to
programs which promote understanding and facilitate higher
levél thinking skills. Both authors sﬁate that without these
skills “children will not be able to handle the high level
and flexible thinking‘required in twenty-first-century
employment using concrete operations” (p. 182). The
challenge for teachers, therefore, is to create learning
opportunities using hands-on materials that prepare students
for the future.

How can hands-on learning affect the objectives of
science instruction? Can technology be used to address
concerns presént in the area of science instruction today?
‘This project Will énswer these questions thfough the

development of an instructional material that utilizes a



hands-on learning science kit to teach desert animal

adaptation concepts to young students.
Statement of the Problem

Advantages and Disadvantages of Hands-On instructional
Materials

The summon for reform in methods practiced in science
instruction has encompassed a time frame of over four decades
(Bybee, 1993). Since the era of “Sputnik” in the 1950’s, a
push towards improving science instruction in our schools has
become one of the popular issues raised in educational reform
(Brill & Larson, 1995; Gershon, 1990; Hill, 1993; Massell &
Searles, 1995; ).

A restructuring of the curriculum, and an overhaul of
teaching strategies where “scientific knowledge was the
dominant aim"‘(Bybee) 1993, p. 12), gave way to a national
outcry for scientifically savvy students.‘ Even though the
efforts toward reform in science instruction have not been
thoroughly implemented (Jacobs, 1996), some educators view
the use of hands-on materials as an approach for improving
science instruction and developing critical thinking skills
in students (Chaille & Britain 1991;.Jacob, 1996; Lopez &
Tuomi, 1995; Van Horn, 1995).

Exploratidn and hands-on learning have long enabled

science instruction and assisted the techniques in which



teachers design their lessons (Lopez, 1995).' Chaille and
Britain (1991) regard hands-on materials as devices that
actively engagevstndentsvinsconstructing knowledge.‘ As
ConstruCtivists,'they contend the importance of hands—on
experlences in the classroom because “learners do not acqulre
knowledge that is transmitted to them, rather, they construct
kncwledge through‘their'intellectual‘activity and‘make itv
their omn” (p. 11). Furthermcre, the:inclusicn of hands—on
materials into instruction enhances the educational setting '
and proVides releVant learning opportunitieS’that enconrage.
inquiries and investigations'(Lopez~& Tuomi,'1995; Van Hcrn,
1995) . | | | |

Yet,vthe debate for hcwito‘make the best use of handseon
materials continues to be atfocus cf concern among_educatcrs
‘,(Flick 1995; Metr;‘1995).‘ Whereas some concerns arei'
centered ‘around the need for more fundlng to purchase
meanlngful sc1ence materials ("When the Subject is Sc1ence"
1990), Chaille & Britain (1991)‘see problems in using hands-
on materials‘to asseSS learningioutcomes.

V'The'hands—on nature of activities is an important
part'cf (the) curriculum...With young children,
thsical actiﬁity andﬁmanipulation'isxoften a.
neceSSary part of mental‘activity, hut not
‘alwaysf.;Children need}to'he‘active, and they

need opportunities to manipulate and experiment



H;”wfthbféaifobjects But thlS in 1tself 1s not thev'
deflnltlon of a good act1v1ty (p 19)

vMeans for changes 1n the appllcatlon of hands -on-

\;‘materlals 1s stemmed from the bellef that'“ln sc1ence’:d |

vclasses.,.even hands on act1v1t1es do not allev1ate the need o

'5ffor students to make reallty checks between what they are

experlen01ng and thlnklng” (Fllck 1995, p 1067) Thus,_bhe f};"ti”"

-~ aim of hands on materlals should be to create a learnlng

_format’whlch 1s seleftlve and uses objects as keys for
‘T:address1ng problems, or utlllzes objects as an approach for
,motlvatlng students towards concepts wh1ch promote learnlng.
'.objectlves and hlgher order th1nk1ng skllls (Metz,.1995)
rgYet deflnlng manageable solutlons for how to effectlvely
d1ncorporate hands on materlalsfln sc1ence 1nstructlon ‘are not‘f
'always eas1ly ascertalned (F11ck 1995 Metz, 1995 ‘n"‘ |

~ Horn, 19]95),_._,

An 1mpress1ve source of sc1ence related act1v1t1es and

'bhands on materlals 1n San Bernardlno 1s the County Museum

‘ J‘ ThlS local archlve recognlzes the 1mportance of creatlng .F'

'fngpartnershlps w1th educators and offers a varlety of programst’

VVto enhance currlculum 1nstructlon.: In addltlon to belng a:

°'fs1te for educatlonal fleld trlps and hands on learnlng

i _experlences,:the County Museum extends 1ts resources to

‘b~f4schools through a learnlng outreach program.ﬁ Thrs:program_r




was established as a method for bringlng substantlal museum
materials into the classroom. s

Educators within the;San”Bernardino Ccunty can choose
from a series of educationel study kits tc apply in their
instruction through the museum’s study kit loan program.‘ The
study kits are identified by different habitats w1th1n the
San Bernardino region. Each habitat study kit contains a.
number of preserved plant and animal specimens for hands—on L
interaction, a notebook containing background information for
the plants and animals in the kit, outlines for different
~activities, and supplemental‘materiels (ie. VHS tape, books
and brochures). The provision of concrete experiences, such
as observation and classification, prevail as the learning
objective in the study kits.

The interpretive specialist and outreach education
coordinator for the San Bernardino County Museum is Jolene
Redvale. Among many of her duties is the responsibility of
overseeing the creation and implementation of the study kits
into the county’s school districts. She reviews and
evaluates user responses of: the museum outreach'pfogram and
has found that even though the study kits present motivating
and interesting subjects for indquiry end investigaticn, many
teachers have trouble using all of the hands-on materials ahd
follow-up activities in their classrooms successfully; She
. reports that some users of the study kits cleim they‘lack

meaningful instructional materials which provoke young



’1:yfhlgher grade 1evels”:(p 103) Based upon a falled

‘a;_offered by Yager and Lutz (1995) that “even hands on';i:

":_ffor 1mprov1ng the 1nstuctlonal Valuejn

»'ffStudy Klt.,‘vv

“students to apply abstract thoughts 1n thelr thlnklng féhei

‘llhas also found that"the follow up act1v1t1es and leSsons in

H'the study klts are notdalways ,faﬁ gnm t”w1th the content

i and offer few opportunltles for students to engage 1n

:fproblem—solv1ng act1v1t1es or lessons whlch relate to the

| hands on materlals.;j;"‘“

U'M‘ Redvalezconcludes that the study kit‘s problems‘are:yiVTH:fp

ga result in - the under stafflng of the program s personnel andﬁV;?bif7,7

”jbudgetary shortcomlngs In essence, the des1gn of thedstudy
"klts follow the argument offered by Metz (1995) 1n that they 5] -

”“largely restrlct chlldren s sc1ence currlcula to concrete

,and hands -on act1v1t1es,-and postpone abstractlons untl' o

- 1nstruct10nal follow—up, the study klts support explana“;""

;act1v1t1es are generally set up to put students through a' L

series. of technlcal manlpulatlons”'(pgw31) Consequently,m

'when u31ng the study kltS 1n the classroom, students are
"rarely glven opportun1t1es to develop problem—solv1ng skllls ‘fd_,":

i'The focus purpose of thlS progect w1ll be to address the needif?:?v

n thebDesert Habltat f'”'”'

d“”‘Address1ng the Problem Through Technology T7fg;¢?17
The tradltlonal v1ew towards sc1ence from students 1s

f‘ulargely negatlve (Yager & Lutz,_1995)fi Most people hold




, unpleasant feellngs towards sc1ence 1nstruct10n because “of

';-the way SC1ence teachers advanced thelr objectlves and

'Ulntentlons 1n thelr courses and the1r 1nstructlon” (p 28)

1 However, the advent of technology has helped 1mprove the‘ ;l
.i”appllcatlon of sc1ence 1nstructlon 1n many classes.y Freltagj
t(1993) belleves the 1mportance of technology 1nclus1on 1n the‘-
ls01ence:curr1culum‘comes through the.proper tra;nlng of‘ |

(eteachers He stated the follow1ng | | |
| e Informlng and part1c1pat1ng in: the development of

new teachlng and 1earn1ng resources have always beenﬂf
-1mportant avenues for sc1ent1sts and educatlon-

f,researchers to contrlbute to K 12 sc1ence educatlon.-"

Modellng 1nnovat1ve ways of teachlng and learnlng w1th .

’y_and from technologles w1ll be an 1mportant aspect of
‘”1prepar1ng sc1ence teachers for (technologlcal)
'clearnlng env1ronments (p 90) |
The presence of technology 1n the classroom has helped

’establlsh approprlate methods for 1mprov1ng currlculum
-(Jenklns, 1990)~ and deals w1th constralnts that domlnate:
.zlssues surroundlng sclence 1nstructlon; such as motlvatlon Ther
U‘and the promotlon of v1tal problem solv1ng SklllS ) Yager &v'
u';hLutz (1995) stated “more than half of the students 1n
.\selementary schools llke sc1ence, but by the tlme students:‘:
'oﬁreach hlgh school the number of students who llke sc1encev
.decreases to only one fourth” (p 28) : Much of th1s can bei.l"-

'contrlbuted to an anthuated system for 1nstructlonal



:7;-}by students (Gershon, 1990)

v”s{_enh'nce sc1ence'1nst

"Lf~j1990)

”f_sc1ence procedures and a lack'of’motlvatlon towards sc1ence_w o

The objectlve for sc1ence teache S, 'spec1ally in- the

“:elementary grades,-ls to redeflne technlques Wthh can

Lt on . sogthat'lt is stlmulatlng and

'n=Greenberg, 1995) ‘_Even more, the:lnvolvement of technologyf

”uln sc1ence 1nstruct10n demonstrates “that klds are drawn toj‘

'teChn°1°9Y and.‘: lntrln, ically motivated to use C?mP}l:t]ejr.S’f.; o

Technology related ‘science 1nstructlon is shown to mﬁﬂﬂfﬂ.7"'

'1n sc1ence educatlon, K- 12 1t 1s noted that the 1ntegrat10njﬁ& B

'fof technology 'n s01ence programs beneflt students

:progress1on,

'and sk;lls :nlsc1ent il ’dthlnklng (Reynolds, 1993),

],-Kathleen Metzg(1995) rec'gnlzed that the establlshment'hf

L f:'of'sc1ence thlnklng skllls at an early”age 1s an 1mportant

for‘developlng pos1t1ve attltudes toward sc1ence;ffbxf



factor‘in:the development,éf.ybung children, and that the.
purpose of technology takes.on a méaningfﬁlUrelationship with
scilence instruction.i Technology plays a crucial role in
transforming the learning environment for the young child
(Jenkins, 1990), and its‘purposéful implementatidn into the
science curriculum is “beginnihg to have an effect on
society’s definition of.good edUcétion” (Bradsher, 1990, p.
317) . vThereforef given'its motivating power and useful
application in fhe area éf science, technology presents
creative‘solutions for improving science instruction,
assisting the development of problem solving skills, and
regaining direétion towards institﬁting science literacy in
young students.

As mentioned, there is a great need for specific changes
in the way science is being taught to students. Focused and
directed use of hands-on materials, motivational techniques
to capture student attention, and integration of technology
into science instruction are essential requirements iﬁ fhe

plans for rebuilding science literacy in students.
Significance of the Project

Establishing Collaborations
Another push in the reformation of science instruction
has been in the movement of developing partnerships‘with

those who can provide expertise in science-content related

10



‘fnflelds (Brlll & Larson, 1995 Bybee,;1§93 Massell & Searles, ;]f

':'d1995) - The beneflts of sc1ence partnershlps helphpromote o

1(1nvolvement and the use of addltlonalhmaterlals otherw1se |
;unavallable to educators (Massell & Searles, 1995) kS These
”*ftypes of 1nstructlonal settlngs also unvell 1nteract1ve,nﬁxhi
-}hands on. 1earn1ng s1tuatlons Wthh are conduc1ve to learnlng f{
.e:: o

‘that is- 1nvest1gat1ve by de51gn (DeBruln, ial;

'993)

ff An 1mportant aspect of thlS progect wi 1 be 1ts Qf’5'1’7“f

'fiQass001atlon w1th the County Museum{and partnershlp w1th an“"'

‘3,;1nst1tutlon known for supportlng‘ ducatlonal concerns ’innuh

'addltlon, thlS prOJect w1ll addresslthe 1nstruct10nal

fconcerns surroundlng the Desert H b' at Study K1t offered

'}through the San Bernardlno Co nty Museum Educatlonal Loan

2Program, and develop a software program that repres;nts”thel

-study k1t content 1n a sultable manner follow1ng computer

‘t.des1gn and 1earn1ng pr1nc1ples.;

) dProv1d1nq Technologv and Hands On Resources

A system where students ca,“develop crltlcdi thlnklngiff

SklllS and sc1ence knowledge through themes Wthh connect

~1earn1ng to a new model of 1nstructlon has helped the

Yfeducatlon (Bybee, 1993) Bybee

“itransformatlon of sc1enc

n:(1993) explalned these changes ofyattltudes towards sc1ence

vlnstructlon as a movement>fr m‘a text drlven currlculum to o

hone where hands -on learnlng a:dﬁdlrect experlences domlnate,

-_1nstruct;on=_ Yager & Lutz (1995f'support the 51gn1f1cance

11




for having a clear instructional direction in the use of
hands-on materials and a focus:of science process skillé such
as critical thinking and problém solving. |

This project will be aimed in defining the iﬁstructional
power of combining twd écience—related motivational‘devices:
technology and‘hands—on materials.‘ Furthermore, the
project will be in alignment with the California State Board
of Education’s Science Framework for Califérnia public
schools (1990), and provide information specific to the
learning requirements defined in the framework for Life

Sciences.
Project Overview

This project will design and create a computer. based
instructional program for the Desert Habitat Study Kit. The
study kit is a hands-on instructional material offered to
school teachers in the county through an educational loan
program from the San Bernardino County Museum. The audience
for the project will be elementary school children in the
third grade. Using the grade level theme “plant and animal
adaptations,” the project will be specifically designed to
assist students in using problem—solving skills‘fér
understanding the adaptive traits and qualities of the desért

animals and insects.

12



Students will be pfesented with background»information
concerning the diet, habitat and adaptive features of each of
the animals and insects presented in the Desert Habitat Study
Kit. Students wili also have the opportunity- to apply their
knowledge about each of the animals and insects through
several "Activities" in the project. The project‘will
support the.content of the study kit, and challenge students
in the third grade to incorporate problem-solving skills into
their responses.

Utilizing material from the County Museum'’s Desert
Habitat Study Kit, this project will use the personal
authoring software program Hyperstudio for developing
instructional material. Thé design and navigational

strategies of the project will follow the computer

programming principles recommended by Gagne, et; al. (1992)
and Overbaugh (1994). Multimedia techniques will be employed
to enhance the instructional goals of the project. Graphic

images, sound and text will add features which help direct

the student through the program.

13



CHAPTER IT: LITERATURE REVIEW

Preview.

The evolution‘of science instruction and technology have
worked to change the processee:of learning among students‘in
education. Proponents of technology see benefits in its
application towards science instruction and other areas of
education. Roger Bybee (1993) writes, “Science and
technology are recognized as lying at the center of the
current shifts in our socilety” (p.ix)’lYet, some’critics
raise questions on the purpose of‘technology and its
effectiveneSs in promoting iearning in the clessroom;
Guthrie &‘Ricnardsonr(l995) state, “Simply placing computers
into classrooms isn’t going to change teaching and learning;
it wili-not‘reform schools“‘(p§i7);

-One certainty‘is tnat rhe-presence”of computere and
other-forms of technologyiin the'classroom setting are
growing (Khalili & Shashaani, 1994; Reynolds, 1993). Even
more, a growing concern among eduCators‘is the preponderance
of evidenceiwhich suggests thatvstudents will not be
adequately-prepared to meetithe demands of the‘twenty—first
century using the skills they have (Gershon, 1990). |
-Educational‘researcheré Jungwirth &»Dreyfus_(1990f examined
‘the hietory.of science instrﬁction and found that among ther

basic elements of instruction, the development of critical
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thinking skills in stndents Was one ef the mest regarded
'among ecienceieducators.' | |

The impact of technology»on the learning.process; and
how‘can it be effectively used to compel‘problem—solving
skills in students is reviewed in this chapter. In addition,‘
1eerning theories which'suggest relationsnips between higher
order thinking skills in young students, and design
principles for computer based instructional (CBi) piogrems,
are covered. Active learning theories for young students and
approaches in hands-on experiences in science instructien are

also be studied.
History and Trends in Science Instruction

The history and evolution of science education in
American schools is comprised of a comprehensive and vast
time period of eocietal and technological changes (DeBoer,
1991). Beginning with the influence of European educators in
the late nineteenth4century, a Swiss educator named Johann
Heinrich Pestalezzi made popular the theory of “sense
impressions, experimentation, andvreasoningh (p. 22).
Pestalozzi’s approach to teaching was premised on the belief
that children‘achieved greater understanding of their world

through experience-based learning that was in “harmony with

the natural development” of the child, father than through

15



;the tradltlonal methods of memor1zatlon and pass1ve llstenlng,qﬂf"

 (p- 22)

Paul Saettler (1990) descrlbed the 1nfluence of s;A“

,fPesta10221 through hlS teachlng programs Wthh “brought llfe‘ad
7closer to the learner,\replaced drlll w1th observatlon and
'_‘learner motlvatlon and respected the 1nd1v1dua11ty of each

;learner" (p 39) Deboer (1991) belleved Pesta10221 was a

;ploneer 1n deflnlng the changlng roles of the teacher, from fb“"

[an 1nert evaluator to- an actlve fa0111tator,'wh1ch enhanced
the process of sc1ence 1nstructlon’ However; many of h1s
‘theorles were reflned and changed by European educators,-and‘

~dnever were fully 1nterpreted 1n the Splrlt deflned :
'by Pesta10221.j': o |
Another European educatlonal 1deologlst was dohann

Freldrlch Herbart | Deboer (1991) stated that Herbart s

1mpact on sc1ence educatlon was founded 1n the assumptlon

that a: Chlld s “conceptual understandlng” could be developed.

'through-lnterest and feellngs towards.the'envlronment;‘ Yet,,

‘gHerbart also belleved chlldrens learnlngboccuredfthrough”
vthelr dlscoverles Wthh were based upon’pre conceptuallzed

'llearnlng DeBoer (1991) stated |

| _hIt was better 1f the chlld could dlscover the ‘f”’*'
-vrelatlons between natural phenomena because that

"jwould produce a‘fuller.and more mean1ngfulv”m.

understanding‘of the.conCept; Therteacher’s role

'tlsdf‘”



was to provide guidance'through skillful questioning,

‘not simply to’state the principles or'rules‘(p.27).
Both Pestalozzi and‘Herbart wefe-ﬁiewed as scilence |
visionaries and would be the impéﬁﬁs towards éhanging scienée
instruction for years to céme.

In Americah eleméntary schools in the early»ﬁWentieth—
‘century, according to Bybee (1993), the basis of science
instructibn could be defined in two ways: “One was a
knowledge-oriented model referréd to asv‘elementary-science’;
the other was nature study and had personal development as
its primary aim” (p.8). Both models emerged from the era of
changes in the industrial and technological workplace, énd
were developed to maintain the balance between work sectors
in the agriculture settings and,cities;

VBybee (1993) explained that as the influences and
interests of both SOCiétieS' clashed, mény of the
reformations and focuses towards science education in the
- early twentieth—ceﬁtury»shifted to the secondary level of:
>instruction} He also wrote of changes in science instruction
which were based upon John Dewey’s aimvof'“reflective
thinking”. Dewey’s popularizéd.“scientific method” was a
reflection of the historical issues during thatvtime>period
and satisfied Bybee’s explanation: |

During the period from 1920 to 1940, the
knoWledge model of secéndary science continued to

dominate science curriculum...The knowledge model -
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v,reflected‘a back to basfcsvposture often assoc1ated
.w1th tlmes of economlc austerlty | the emphas1s.onj»’
__s01ent1f1c methods was an educatlonal manlfestatlon of*
‘the need to solve many soc1a1 problems of the tlme
(pp 11 12)
. The reorganlzatlon of sc1ence educatlon contlnued 1ts
.jprogress up 1nto the mlddle of the.twentleth century where
v“1t ‘was w1dely belleved that sc1ence educatlon should be‘“
,related to the real world experlence of students, espec1ally
to those thlngs that 1nterested the students” (DeBoer, 1991f
p- 83) Whereas most of the d1scuss1ons concernlng sc1ence
'educatlon were relegated to the domalns of secondary and
post—secondarybeducatlonal settlngs (Bybee, 1993-vDeBoer,n
1991; Gershon, 1990), the mld 1950 s brought w1th 1t a |
progress1ve movement towards currlculum reform 1n the wake of j
- the . launchlng of “the earth orbltlng satelllte Sputnlk 1n
1957" (DeBoer, 1991 p.l1l47).
One institutlon-known.as the‘ﬁational Science*?oundatlon ,
3(NSF) funded several programs almed at 1mprov1ng sclence
'clnstructlon throughout Amerlca 'S schools ‘ One of the
1:programs funded by NSF was Elementary Sc1ence Study (ESSl
d»yRalzen & Mlchelsohn (1994) deflned coursework in ESS as belng :'
‘1nstructlon wh1ch'“emphas1zed 1ndependent exploratlon of vf
sc1ence phenomena by chlldren” (p 158) : These programs

helped develop packaged sc1ence.“un1ts” whlch emphas1zed
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“both broad organizing concepts and.inquiry skills” fqr young
students (Raizen & Michelsohn, 1994, p. 88).

| Grossen & Romance (1994) believé current practices in
science‘eduéaﬁidn‘are instructively controlled and dictated
by textbooks. They write that mahy science textbooks have
been criticized byneducationalists forﬁcontaining too many
vocabulary concepts, being unclear and unable to effectually
promote change. In response to these concerns, curriculum
reformists in Califurnia have begun to realize that teachers
and students need better instructional materials with
“different learning formats for different learning styles;
(and they are supporting the moVemenr) away from the textbook
as the most important learning tool” (Hill, 1993, p.20-21).

However, Yager & Lutz (1994) suggest that the action

towards science reform should be focused;not on what we
teach, but how we teach. Educational researchers agree that
steps to improving science inétruction should be modeled
after what we have learned from current research on human
learning processes (Tomic, 1994; Wang & Sleeman, 1994; Yager

& Lutz, 1994).
Cognitive Research and Science Instruction

The continued reshaping of science instruction was
motioned by the writings of educational psychologists Jean

Piaget, David Ausubel and Robert Gagne from the 1960’s to the
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b':'greatly 1mpacted and framed thfa

| prresent (DeBoer, 1991);ph1::b : h”nltlve psychologlsts

:orfwhlch chlldren'],

i:.,'f-‘,vwould be taught n“the rema1n1

Plaget s 1nfluence upon sc1ence educatlon suggested

"5§jch11drens’ perceptlons are strongly determlned by thelr

vhmental and phys1ca1 maturatlon and can be 1dent1f1ed by a g;ff'-*

‘Qserlatlon of events 1n thelr;l ves (DeBoer”;1991 Metz,;?ifvh

.d1995) DeBoer (1991) explalned that “51nce the mental

i‘}structures are relatlvely stable‘and n t,eas1ly changed

~follows that students should be presented w1th materlal thatf17i”

\:o_matches thelrulevel of cognltlve'development”’(p. 197) i .ég;;]l .

need for sc1ence 1nstructlon to be modlfled to flt the

v1ntellectua1 precepts of the chlld became the “framework forbftl'hi

dh,transformlng sc1ence 1nstruct10n 1nto a developmentally

:'uapproprlate form”'(Metz, 1995 p 95)

Ausubel s perceptlon of learnlng constltuted a dldactlcﬁd;__j'

1'rapproach to 1nstruct1ng new concepts for young students

'*,‘When applled to sc1ence 1nstruct10n, the Ausubelllan theory *

JhaJknowledge is galned_from dlrected learnlng rather than

' requlres a receptlve and pass1ve learner “1n wh1ch concept

frwlabels and the regularltles they represent are taught

‘ftyexp11c1tly by the teacher” (DeBoer, 1991 p 202) ‘:ew'hdﬁfffﬂf

*fg“dlscovery basedi'learnlng approaches manlfested by
]"Pesta10221, Herbart and Dewey

lee Ausubel s_ﬁreceptlve” learnlng method Gagne s

"j,-theory of learnlng,rcalled “hlerarchlcal 1earn1ng” "sdha




"largely based upon the understandlng that new knowledge 1s
'»achleved through an “acqu1s1tlon of spe01f1cally learned

"rules” (DeBoer,‘l99l, p 204) A learnlng objectlve 1s taughti,

'VVyus1ng a set of prerequlslte SklllS and steps wh1ch gulde the o

ljstudent to galnlng an 1nte11ectual Sklll (Gagne, et al. }fop"“
b-1992)' The complex1ty of Gagne s theory can be carefully
.-planned 1nto a serles of events wh1ch effect the outcome of

””1nstrUCtlonq_'"’

‘TGagne s Events of Instructlon
. Challle & Brltaln (1991) flnd that the young chlld is
"an 1nqu1s1t1ve and actlve learner requlrlng a currlculum :

- model whlch prov1des “guldance by creatlng learnlng

v;s1tuatlons that allow and encourage d1vers1ty” (pp 24 25)

;In essence, Gagne s “hlerarchlcal learnlng” stages plans a.
"course of 1nstructlon Wthh fac111tate learnlng in any

”fs1tuatlon, be 1t pass1ve or actlve .Gagne,. al (1992)Lb

: stat‘e H

‘The purpose of 1nstructlon, however 1t may be’jjff“

,done, 1s to prov1de support to the processes of

V7V1earnlng It may, therefore,:be expected tha

lmrklnds of events that constltute 1nstructlon should
have a falrly prec1se relatlon to what 1s g01ng on:
',w1th1n the learner whenever learnlng 1s taklng

. "place (p 186)




‘When applied to science instruction, Gagne’s steps of
“instructional events” accentuate the learning process
through steps which‘“are designed'to‘make it‘possible for
learners to proceed from where they are Eo‘the achievement of
the capabiiity identified as the targeﬁ objective” (Gagne,
et. al., 1992,\p.189).» The following presents an outline in
which Gagne, et. al. (1992)>detailzthe stages wiﬁhin the
‘thecry for instructional events. Each evenc is supported by

the proceeding step and effects the outcomes of learning.

1. Gaining Attention
* Involves the use of stimulus changes.
*‘Focuses the learner and gains attention.
~ * Can be determined in a variety of methcds ranging from

sound bites to visual cues.

2. Informing the Learﬁer of the Objective

* Activates the process of “execﬁtive contrcl”.

* Communicates the lesson objective to the learner.

* Translated in a form which is understandable by the

student.

3. Stimulatihg Recall of Prerequisite Learned

Cababilities

* Retrieval of prior learning to “working memory”.
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*

*

*

Combines new ideas with previously learned skills or
ideas.

vRecanition skills can be motivationally recalled.

Presenting the Stimulus Material
Emphasizing features for “selective perception”.
Establishes discriminations to assist the student in

identifying distinguished objects.

. Providing Learner Guidancé
Stimulates the direction of thought.
Provides cues which help the student retrieve

previously learned materials, and then combine these

concepts to formulate new rules or ideas.

Eliciting the Performance
The activation of a response by the student.

The “show me” or “do it” stage of learning.

Providing Feedback

Provides information to the student about his
performance.

Establishes reinforcement of learned skills.

Assessing the‘Perfofmance

An assessment of learning outcomes.
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* Students activate their retrieval skills for

observation by the teacher.

9. Enhancing Retention and Transfer
* Providing cues and‘strategies for retrieval.
* The cohcepts and rules are Spaced at intervals and

varyingly exercised (Gagné,'et. al., 1992).

DeBoer (1991) upheld'the‘theory éf “hierarchical
learning” as a reflection of the brinciples defined in
"receptive learning" théory.‘ He explained both approaches as
being founded invprinciples that‘are "in contrast to
discovery learning, 'in which regularities are discovered by
the students themselves” (p.'202).' Therefore, the cognitive
theories of Piaget, Ausubel and Gagne caﬁ be viewed as
providing methods of instruction in which the acquisition of
learnediskills is presented in smail, structured segments
(DeBoer, 1991; Gagne, et. al., 1992; Metz, 1995).

In théir book, The Euture of Science in Elementary
Schools, editors Senta Raizen and Arie Michelsohn (1994)
discuss the importance of é teaéheris understanding of
learning principles defined by educational psychologists, and
the application of this knowledge in their instruction.
Accomplished science educators know “that old theories of
learning based on the accumulation of factual information

have given way to more complex theories of conceptual
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development...and that their students ﬁeéd many concrete
experiences before they Can_ﬁhderstand\scientific concepts”
(p.33). |

DeVries & Zan (1994) also discuss the importance of
serving childrens’ inteilectual3needé'by‘providing “for
activities that stimglaté their interests and‘prGVide content
that inspires them to figurebout how td do séméthiﬁg”.(p.SQ).
The role of the teachef as:a‘science instructor,-théfefore,
reissues the conflicts of diffefent instructional theories -
where “science educatofé have thé'endless'task‘of‘
reformulating purposes, reneWing policies, redesigning
programs, and revising practices” (Bybee, 1993, p. 71).
-Thus, the main focus §f science instruction needs to be
centered on thé belief that ?learniﬁg happené when an
invdlved learnérvconfronts his or her éurrent understaﬁding
of a concept and actively works to construct a new or better

understanding” (Raizen & Michelsohn, 1994, p.52) .
vahe California Science Framerrk

v‘The organization of a curriculum arouhd ﬁﬁifying themés
was developed'0vér,a century ago when Ameridah’educator
Charles‘DeGafmo “cOnciuded:that the qoordination‘of
individualvcoursesvin the'curriculum‘was a bettérvidéa than

the attempt to correlate all knowledge with respect to some
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overarchiné principle”.KDeBder, 1991, p.28). His thoughts,on
unifying themes were donstructed around the understanding
that young students would be readily ablé to make “easy
associations” with the principles of‘rélevant'subject mattéf,
and then build upon this knowledge as they progressed and
matured through their education (DeBoer, 1991) .

Today, themes in science aré designed as guides for
classroOmiactivities,'and assist the,structuriﬁg of lesson
content so that learned skills will have a conceptual link to
‘an underlying theme (California Science FrameWork,»1990;
DeVries & Zan, 1994). _According‘to The California-Sciehée
Framework (1990); the purpoSe of presenting contént areas of
study for students, is “to avoid an emphasis onrisolated
facts and definitions that have long domihated science
instruction” (p53). Kneedler (1993) states that a ceﬁtral»
purpose of the Framework is that. |

...studénts shduld}be actively learning the ‘big
ideas’ in science. ActiVe learhing is described by
the Framework as Students aqtively processing
information re&ealed‘to‘them in diregt'expériences;
such as hands-on laborétory experiences,7reading
and_listening, collaborating With peers and

learning new technologies. In_each case;:the
student has the option to manipulate‘some aspect of

the learning experience (p.74).
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The'Framework also establiShes the’conceptithat “certain
ideas transcend disciplinary boundaries and are essential to
understanding inteiiectual relationships‘among all the
- disciplines of science”:(RaiZen & Micheisohn, 1994, p. 64).
The California ScienCe_Framework (1990) is subdivided
into six major themes, oneicf wnich'is titledv“Systems and
Interactions". Within the»traditionallarea of life sciences
(chapter‘five), studentsiinicrades tnree through six are
introduced to concepts pertaining to living things and “their
adaptions to their environments and their ways of life” (p.
119). One relationship this'project will have with the
framework is the underlying theme “that living things have
structuresvthat do specific things to help the organism live
and.grow.and meet their needs as they interact with their

‘environments” (p.118).
Hands-On Activities in Science Instruction

Jerome Bruner helped promote the use of hands-on
,materials in the 1960'svwith the belief that “children must
first learn by using real objects, then pictures of real
objects, and only then symbols for objects” (Van Horn, 1995,
p.786) . Based upon his theory of cognitive development,
Bruner identified rules “bybwhich an indiﬁidual copes with
his environment” (Saettler, 1990, p.331), and prescribed'the

notion that instructional materials should not be selected in
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terms pertaining to their connection to content, but shpuld
be chosen based upon “their ability to develop the processing
skills that make up such an important part of human
intelligence” (Saéttler, 1990, p.440).

In the 1970’s research concluded that the use of hands-
on materials in science was an appropriate substitute for
instruction over textbooks (Lopez & Tuomi, 1995). The NSF
supported ﬁhe creation of study materials'utilizing hands-on
instruction which ultimately led to the development of the
Elementary Science Study program (Lopezv& Tuomi, 1995; Raizen
& Michelsohn, 1994). Even today the continued request for
more hands-on ihvolvement and activities exists in science
courses (Jacobs, 1996). However, researchers question the
directive purpose of activity-based instruction and call into
speculation the limitations hands-on materials create during
instruction (Flick, 1995; Grossen & Romance, 1994; Metz,
1995; Tomic, 1994; Yager & Lutz, 1995). |

Even though hands-on materials have seen a resurgence in
popularity; they have come back “with a new emphasis on
quality ‘minds-on’ as well as hands-on” (Yager & Lutz, 1994,
p.340). This “new emphasis” has come about as a result from
some of the misconceptions students have when‘using hands-on
materials. Educational researchers Grossen & Romance (1994)
challenged the effectiveness of hands-on materials and

stated:
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-Hands—on.learningbie not always reievant. It is
often impoesible to design relevant hande—on'
activities that effecfively communioatevunderlying
explanatory»big ideas; for exemple studentS'would'v
have difficﬁlty figuriﬁg out a reliable theory of
electricity from‘a.pile of wiree...and without
coherent, explicrt instruction (hands-on materials)
-can easily lead to misconoeptions. (p.450f.
Grossen &.Romance (1994) suggest that when the concept of
texture is not the key to learning, hands-on materials seem
to misguide students from the initial objeotive of the
lesson, and therefore only should be utilized when they are
relevant to the concept being taUght; Conversely,
. educational reformists Yager & Lutz (1995) acknowledge that
hands-on materials are useful in.replacing the failed
textbooksvand their‘attempts‘to create relevance for
students, however»they concede that hands-on activities often
stifle students’.abilities to discuss theories,traditionai
experiments produce.i |
Kathleeﬁ.Metz (1995)»discuesed‘thevfrequency with which
hands—on materials are ueed>in the elementarybsetting because
'ofbtheir focﬁsing power on the processee of observation,
.ordering and categorization. Based upon the Piagetian
assumption that primary school aged children are “concrete
thinkers”, Metz critiqued.the belief that “children’s science

needs to mainly consist of ‘hands-on’ actiVities” (p.95), and
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vhthat young chlldren need to postpone abstractlve thoughts:ﬁf:d
‘untll older Lawrence Flle (1995) also supported the
“thlnklng that hands on act1v1t1es 1n the classroom should

',,have dlrectlon towards helplng young students’ reflectlve

lb."_«thlnklng skllls She s1ted research by Fleer (1992) Wthh

b'fjphenomena they were 1nvestlgatr§g

fcontalned that the most successful hands on act1v1t1es were

VV'jthose that “prov1ded many opportunlt‘es for the express1on pr,m

'»and extens1on of chlldren s thlnklngvuzout the sc1ent1flcit

” (p 1067)

The phllosophy of- hands -on- materlals has evolved from a‘
mlsgulded approach for enhanc1ng sc1ence 1nstructlon to a ~b

Jfocused and structured presentatlon of materlals (Tomlc,

‘1994) ' Even more, 1t has helped v1tallze the core of sc1encey,f :

educatlon and become a. process for “actlve student centered_*'
'~f;1nqu1ry; 1n whlch klds learn to apply sc1ent1flc problem

”.sOlvingF (Lopez & Tuoml, 1995 p 78)

’}Developing'Problem¥Solvinngbilities'inhYounQ§Students‘lv

Sherry Meler, et al. (1996) deflned problem solv1ng as;~;v

.“the process used to obtaln a solutlon to a perplex1ng

_.questlon or. s1tuat10n" (p 231) The emphas1s towardszﬁﬁﬁd

'V.p'produc1ng cr1t1cal thlnklng SklllS 1n the natlon S students

lhas helped create an abundance of deflnltlons pertalnlng to
“tthe word “problem solv1ng” Wthh are 1deally the same, and C

'~,“arevoffparamount~1mportanceg'as are belng able to connect .



’<‘knowledge to other 1nformatlon, andfoommunioatelthat'»‘5‘

e knowledge effectlvely” (Meler, etvfi‘ 1996 p 230)

dNorrls, ». (1992) see an: 1nterchangeable relatlonshlp

dbetween the terms problem—solv1ng, cr1t1cal thlnklng,f;;;”f

vreasonlngﬂ loglcal thlnklng and hlgher order thlnklng skllls,;
Cp.ln Wthh all “refer to a person s ab111ty to analyze avff;”.‘

lproblem s1tuatlon and come to an approprlate conclus1on or‘;h
. solutlon” (p 329) RO | | :
| . However deflned for more than 100 years problem—solv1n§_
v blllty has been v1ewed as‘one of the most essentlal
objectlves of sc1ence educatlon (Jungw1rth & Dreyfus, 1990);
‘Furthermore, the possess1on of sound problem solv1ng |
abllltles 1s foremost in what many employers in soc1ety look
‘for 1n thelr potentlal employees (Brlll & Larson, 1995-
Meler,‘ . 1996) » However,yln today s schools many
students are falllng to meet the objectlves of" attalnlng
'problem—solv1ng skllls and are turnlng away from currlculum
‘areas, such as scrence‘and mathematlcs,‘that would help them
develop: and achleve these skllls (Brlll & Larson,_l995
Gershonf,l990- Meler, et. | l?, 1996) f,Many’researchers‘feel‘b
'that the matter of constructlng educatlonal programs to”
address the 1ssue of strengthenlng students problem solv1ng
"fskllls.should be»studled,andolnvestlgated.as early‘lnvyoung
aachlldrenfsveduoation‘as possible‘(iungwirth &,Dreyfus,il990; ff

Meier, et. al., 1996).



Metz (1995) supported the 1mportance of prov1d1ng
"sc1ence currlcula that 1nduces young students to exer01se

”Bhabstractlve thought in 'heir thlnklng, and dlsagreed Wlth ther‘l

vfx theorles of Inhelder and P1aget (1955/1958,;that “prlorgtov:ih

:5ladolescence and the adveniy’

-chlldren lack control to r1gorously gulde thelr

Evexperlmentatlon and (cannot) engage 1n systematlc

':Q‘experlmentatlon" (p 111)

Metz (1995) found support for the theory that young

'gfchlldren, 1n a llmlted manner, understand abstract th1nk1ngg

R : .
‘1,and therefore should requlre the opportunlty to formulate'

":gﬂproblems and 1nterpret thelr 1nqu1r1es o She concluded thaty;;;"

.g@changes 1n sc1ence currlcula need to be produced to foster,”

"thhe development of crltlcal thlnklng SklllS 1n young

?ustudents, and unless students begln to part1c1pate 1n

i33s01ent1f1c 1nqu1ry at a young age, they w111 1mpover1sh thelr ]jv

}5‘fab111t1es to develop th1nk1ng skllls prescrlbed by the‘:i

".deemands of the twenty flrst century Meler,ret (1996)

;also supported the need for currlculum reform and belleved

y3?“currlculumfdevelopers and publlshers must recognlze the need R

‘lhfjfor 1nterd1sc1pllnary programs that focus on problem solv1ng

"“_ Terry Sallnger (1992) recognlzed that “chlldren are ‘

fhlnterested 1n know1ng long beforefthey enter school and

“.7str1ve to understand abstractions about numeracy and llteracy?].:

"Enas part of thelr exploratlons of the world” (p 322) eref:'“




explalned the concept of “scaffoldlng” as a teachlng method

'for ass1st1ng young chlldren through the process of learnlng

o dlfflcult materlal and attrlbuted the theory of “thlnklng

scaffolds” wh1ch allow young students to
'* reflne emerglng hypotheses,
oo clarlfy mlsconceptlons before they become habltuated _'
’*4prov1de new 1nformatlon when 1t is- needed to clarlfyv
:and extend emerglng hypotheses, and
.f* motlvate chlldren to extend.thelr thlnklng and‘stretch
~to new understandlngs and mastery of skllls |
'(Sallnger 1992) .
;Theybenefits of thinkingascaffolds areafound in the‘
connectivity‘between the'learner, teacher and theV“concepts
and‘skills‘learnersbare attempting tovmaster” (Salinger,
1992, p.324). |
| .Systematic problemésolVing:found,lts'origins‘inotheb
theorles of Dewey (Malorana,,l992 Metz, 1995) when there was
a‘“call to ‘teach sc1ence to chlldren in a way that emphas1zed
‘method over=content” (Metz, 1995 P. 95) ¥ Research suggests y”
that in today s classroom the problem—solv1ng act1v1ty 1s |
‘“most effectlve when used to address problems in a f1eld w1th
whlch the student already possesses some: knowledge and |
'understandlng" (Malorana, 1992 p.47). lMeler, et.:ald (1996}:v
,suggest‘“learnlng theory reveals that students learn best ‘.
,what-makesvsense»to‘them, and what is 1mportant to them”“

"‘fi(p;233).c
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However, llmltatlons abound 1n the 1nstructlonal

approaches concernlng problem solv1ng act1v1t1es (Malorana,

’1992 Metz, 1995) Malorana (1992) 1dent1f1ed several

'%lffllmltatlons 1n the approaches towards p; blem—solv1ng "vf

:act1v1t1es and found that

-f* the problem—solv1ng method requlres that.students

junderstand the problem—solv1ng process,

7n’f.problem solv1ng requlres ex1st1ng knowledge of therfdu{

=lfsubject matter 1n Wthh the problem is- framed éﬂdﬂflx

hj%jby belng presentedww1th ready—made problems to;solvef;f

_.the student does not engage 1n problem—pos1ng,‘anf'

”essentlal aspect of crltlcal th1nk1ng (Malorana, 1992}”“

| J'.p 47)

A method of actlon 1n address1ng these llmltatlons can

in Gagne s stagesfif-“hlerarchlcal learnlng” (Metz,'

| _«1?995’)':. ‘Metz (1995) descr:Lbe_ j_,‘?'h.lerarchlcalﬂ—

the stage p””

'1llearn1ng” as a process 1n helplng sc1ence educators 1mplement'];f B

'the sc1ent1f1c theorles of Dewey Metz stated *“The framlng’fz“,‘“

”~of concrete'versusfformalfoperat1ona1rthought prov1ded a way -

”ffto thlnk'about the emergence of Dewey s sc1ent1f1c method iasffiur;

ffjllt functloned as a way t'"decompose the process of sc1ent1f1c,fjf7r

ﬂxilnqulry 1nto a Gagnean learnlng hlerarchy”i(p795) Thus, .

"ffGagne s theory of learnlngllends support to the'lnstructlonalwd:?

'f?des1gn of act1v1t1es and addresses theiflmltatlons problem—;

:-solv1ng 1mposes 1n lessons,bybestabllshlng “the 1dea that

: ;complex 1ntellectual:progesses should be taught through a:fJ'l“




step-by-step introduction bf»théif componént ‘skills,’ with
each step embedding the skills of the prior steps” (Metz,

1995, p.95).

The Effects of Computef Instruction on Problem—Solving‘Skills
The theory that computer based iﬁstructionv(CBI) can

enhance student’s éognitive berqumances,,or problem-solving
abilities, has been an area 6f fesearch and concern since
computers have been a part of the educational'setting (Liao,
1992; Norris, et. al., 1992). 'Research,conducted by Liao
(1992) revealed that “several meta;anaiysis syntheées of the
literature on the éffectiveneSS’of CAI (Computer Assisted
Instruction) concluded that CAI‘iS more effective than
conventional instruction for increasing students’
achievement. Yét, the question about the effectiveness of
CAI on students’ cognitive skills is left unanswered”
(p.367). Liao’s meta-analysis of the literature (1992)
indicated only a moderate gain in students’ cognitive
outcomes as a result of CAI and offered the following
summation as a result of the study:

The outcomes of using CAI extend beyond the

content of the specific software being used or

subject being taught. Students are able to acquire

some cognitive skills, such as reasoning skills,

iogical thinking and planning skills, and general

problém—solving skills through CAI...Left
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unanswered is‘the question cf wnether;CAI-ie as :
efficient; Orvanyimore.efficient, at developing
theee cognitine_abilitiee than are other
instructional‘apprcaches (p.241) .

In a study‘ccnducted*ny Norris, et.'al.‘(l992), the
effect of computer science instruction cn:critical thinking
and mental alertness wasvmeasured and evaluated through a
computer programming course. They found that the
transference of cognitive abilities to other learning domains
was identified as being dependent upcnlthe amount of time a
student spent learning computer~programming skills.

Another meta—analysis of 36 independent studies
completed by Khalili &.Shashaani (1994) “showed that computer
applications have a positive effect on students' academic
achievement from elementary Schocl to college” (p.48). This
study provided evidence towards the assumption that the ‘
instructional use of the computer increases student
achievement, yvet “very short exposure to computers i1s not
adequate to develop»studente' cognitive abilities” (p.6d).
Also reported were the differing results of achievement in
relation to the type of computer application being used in
the study. Thus, some forms of computer application have a
more positive effect on learning and achievement‘than other
computer application programs (Khalili & Shashaani, 1994).

In a comparative study by researchers Cousins & Ross

(1993), the effects of teaching “with” the computer to
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: ffThls partlcular study also showedythat student attltude

'vli‘towards computers effected the ou:comes of scores on

: 1mprove hlgher order thlnklng skllls revealed that groups of f’

»W-students glven task spec1f1c computer exerc1ses s1gn1f1cantlyf’”

'~outperformed students 1n general purpose treatment groups '

vfl-thlnklng skllls | They state that one featureﬁin thefstudy ofjlfﬁwb

”fg'the computer,.as a fundamental tool to 1mprove h1gher°order

‘thlnklng skllls,bls 1n 1ts “graphlcal representatlon of

”1nformatlon, whlch is llkely to enhance and enrlch the user sf:f

3?ffperspect1ve and 1nterpretatlon abllltles” (p 94)

Bransford‘fet (1990) proposed the“power of 1mages’~;:p'

"gon problem—solv1ng abllltles 1n students compared to groups“

‘ ;_'of students who were glven only text baseduor verbal i

"'*if,Thls study supported the assumptlonj

ffyand that one advantage graphlc 1mages have"on students 1s

_v1nformatlon'f

“{fthey contaln much rlcher sou ces o 1nformatlon R

"ﬂ:than are avallable 1n the pr1nted‘med1a.‘,Theh;ic°~‘='

. v1deo based 1nstruct10n resulted 1n much greater

:ﬂ:p,retelllng scores and comprehpn81on scores than dld

.f the 1nstructlon‘that was conductedrln verbal formiﬁf‘"

(pp 124 25)

‘:effectlve problem—V

lfsolv1ng requlres azgreatpdeal of spec1f1c“knowledge”-(p 138

fg}that they condltlon students"knowledge and help them develop o

f{f“pattern recognltlon abllltles” (p,125) These recognltlon 3




abllltles‘set theuframework for problem‘solv1ng abllltles in
students and allow them to employ reasonlng SklllS to thelr
thlnklng (Bransford al}) 1990) | -

- The advantages and effects of CBI on‘problem—solv1n94'
skllls contlnues to be an area of debate and d1scuss1on -
-(Llao; 1992' Meler, et al “1996) Lengel & Colllns (1990)
view the computer as a tool Wthh can help students develop

‘fvhlgher order th1nk1ng Skllls, but flnd‘that‘“feW'educators

" employ computers to help students develop collectlons of

"1nformatlon.1nto 1deas (and) computers do not often contaln

meanlngful plctures or graphlcs and almost never are. employed
to achleve w1sdom”'(p 194) ‘ Today, current changes in
; computer technology have helped 1mprove the graphlcal power‘

and quallty of computer stored 1mages.

The‘Impact of Computer Technology‘in‘Science Instruction

The effectlveness of computer 1nstruct10n on chlldrens

v cognltlve skllls has been largely shown to 1mprove student 'l ,

scores 1n a- number of studles (Khallll & Shashaanl, 1994)
‘vHowever, ev1dence of computer‘appllcatlon 1n the classroom
proves to. be a major concern among educators (Lehman, 1994)
'fOne of the most commonly s1ted reasons for the def1c1t of
':computer 1nstructlon in. the classroom is found in the “lack
of readlly avallable hardware/software and the lack of

F‘teacher-tralnlng”,(Lehman, 1994 p 413) "To address‘this
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i lreform or a cure all but'as a set O

'problem educators have‘be .t dentlfy solutlons W‘jtff"

n“fbrldge the gap between techn logy’and educatlon, and they

uhave also started to 1mplement programs that encourage the

'liRlchardson,

'hvplace, technology needs to be 1ntegrated 1nto a'“broad effort“"

]for school reform, and cons1dered not,as the 1nst1gator ofl

tools to support

?ﬂ spe01f1c klnds of 1nstruct10n and 1ntellectual 1nqu1ry

o i(Means & Olson,,‘

faskc1ted in Guthrle & Rlchardson,'199§,fﬁfJ”

’p 221)

' A study used;t" measure the use?of computers in sc1ence SR

iiinStructlonu(Lehman,_ showedfthat even though thelf:*

:ihamount of 1nstructlonal-tlme”utlllzlng c ;putersfhad

v}problem,

tralnlng and

‘“appllcatlon programs‘”

 teachers, shou:

‘xbegan to surface 1n Amer can'schools around the 1980 s when a d

g number of natlonal repor sfcalled for;ﬁeform-ln‘mathematlcsgzvA@

"h‘and sc1ence educatlon (Lehman, ﬁ994) 'fWhereas"mostfofithefi”




reéearch on the focus of‘computer £echﬁology and science
education were directéd‘towards secondary'educatidn,-a fewer
number of studies were aimed at:eXamining K-6 elémentary-uSe
of computer technology ih science instruction (Lehman, 1994).
Lehman (1994) measured the use of computers and other
technologies in scilence instruction‘and found discrepancies
between the amount of time spent on instruction using
computers betwéen,mathematics and:science. He stated,

Only about one fifth of the elementary schools

had teachers who used computers...with students

during science lessons. The,loWer'frequency of

. computer use within science lessdns reflect ﬁhe

assertion that the amount of class time spent on K-

6 mathematics is about twice that spent on science

(p.199).

Contrary to his findings, the influence of computer
technology in science instruction has several foundations:
The motivational impact of computers on student

achievement has proven to be an effective characteristic of
their educational power in the classroom (Saettler, 1990);‘
As a tool fof improving problem-solving skills, a critical
component of scientific inquiry abilities, research of
computer effectiveness suggest that “humans and computers
seem to indicate that problem-solving and thinking skills are
learned within a particular science content” (Saettler, 1990,

p.483); and, computer technology establishes the “conditions
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that are mest effective for human 1earnin§” (Wang'& Sleeman,
1994, p;61). Therefore, given itsiinetructional power as a
motivational tool,; platform for developing higher order
thinking skills,'and integratioanith supported leerning
theories, computer-based learning programs offer a
combination of benefits that promote science instruction
(Gagne, et al. 1993; Saettler, 1990).
In the young child’s classroom, computer technology can

"be seen to have a number of positive influences on learning
(Jenkins, 1990). - In a number of studies researching the
effects of technology on young children, findings showed:that
technology increases cooperative learning, self-esteem,
thinking and problem-solving skills, and facilitates concept

development (Jenkins, 1990).
Interactive Multimedia

The term “multimedia” has qualities in its meaning that
often confuse it with other technieal terms such as,
‘“hypermedia" and “intermedia”‘(Osborn, 1990) . Accerding to
Schroeder (1992, intefactivevmultimedia can be defined as
“the integration of text, audio, graphics, still image, and
.moving pictures inte‘a single) computer—controlled,
multimedia product” (p.59). |
| Interactive multimedia brojects‘have advantages over

traditional mediums of instruction which assist the young
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"ﬁﬁ3}br1ngs 1nto the classroom and states that 1t “can prov1de

‘”'ﬁﬁopportunltles multlmedla brlngs 1nto the classroom and

'*Qflearner s cognltlfe development (Jenklns,vl990) : Jenklns ll’

fj(1990) offers examples of the 1nstructlonal power multlmedlaffj”

»multlfuivfmultlsensory learnlng contex S. ;;and offer a safe

,l env1ronment for rlsk taklng, experlment'tl n,i X

and problem solv1ng””(p 117) ,; Multlmedla also accounts fori

,uthe need to address dlfferent learnlng styles,f A dls"usslonifﬁ;f

ff'round table ("Llstenlng to Multlmedla" 1994) led by “‘J.

t;fmultlmedla experts D Igna21o & Wagner,vmentlons the learnlngff*

‘.lreveals the advantages 1t has over trad1t1onal methods of vjif
' 1nstructlon Wagner states,‘“Students w1th d1fferent

;1earn1ng styles must have the opportunlty to learn, share}gﬁﬁ'h‘

'_icommunlcate, and grow u81ng all the1r facultles. Th1s 1sfatg“

the heart of what we mean by multlmedla’” (p 34)
’In relevance to learnlng theorles prescrlbed by

‘l‘pGardner s theory of'“multlple 1nte111gences”‘~1n whlch

'-students are belleved to be sulted to elther one or a ﬂ.:4:4f
‘collectlon of domlnant 1nte111gences,‘multlmedla systems have EROTER,

'Qf“the potentlal to tap and stlmulate each of (the)g.f P

ryflntelllgences” (Jenklns, 1990 p. 116) Thus, thehpresencejofy:gfrkdf

hllmultlmedla technology 1n the classroom contrlbutes to the

”Tfirdlfferent learnlng styles of chlldren and establlsheslrg;?ff‘V'

”opportunltles for the 1nc1tement of a Varlety of cognltlve

:ftprocesses (Jenklns, 1990)




In science instruction, as well as other curriculum
areas, multimedia is finding various applications and uses
i(Huntley, Easley & Soderhahl, 1994). The University,ofi
Iowa’s center for academic computing began developing
multimedia projects in 1978 calledoSecond Look, and since
then»have created severalbprograms in science which use
multimedia technology (Huntley, "Easley & Soderhahl 1994).
‘Most of these programs are deS1gned for students studying
‘Biochemistry, Pediatrics and Nursing.

At the middle school leyel in California, a multimedia
based prOJect called Science 2000 was developed to actively
engage students in the study of sc1ence (Kneedler, 1993).
US1ng the California Science Framework as a guide for
planning science instruction, Science 2000,designers produced
~'a series of four units based upon 1nvest1gat1ve questions.
The final product was ‘an 1mmed1ately access1ble speCial
resource entailing “s1mulations,'1nvestigations, hands—on,
experiments and.manipulatiVes,vfilmS'andyvideos, field trips
and guest speakers, information on scientific careers and
available databases, gloSSariesvof related,terms, and
perfOrmance—based assessments that are open-ended” (Kneedler,
1993, p.73).

The effects of multimedia on instruction and student
achievement disclose a mixture of positive results (Wise &
~ Groom, 1996). Results from a‘study measuring the effects of

multimedia employment on classroom learning (Wise & Groom,
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.*-l9§65, concluded'that‘”yﬂ

classroom_a _{g'whlch 1nclude

“;.4e1evated itudent and faculty nterest the”{f

e holdlng of student atten 1on» student 1nd1v1dual

"fﬁand group partlflpatlon, 1n depth understand1ng7

githe ablllty to_assoc1ate knowledge to otheh

u}subjects a'd areas, theﬁablllty to generallze

f 1nterest 1n related or paralle'

-r,~st;mulat10n.

the ablllty‘to explore

‘}methods of self learnlng, and the ablllty to use

if»fmultlple dlsplay technlfues to make otherw1se dull e

'-subjects come'allve and allow for more creatlve g'gﬁﬁiﬁ

‘ means of express1on (Wlse & Groom, 1996 p 70)

The power of multlmedla 1n the classroom presents a

,varlety of 1nstr»' tl beneflts that enhance learnlng among

”yistudents., leen s 1nstructlonal power, educators can g1ve o

ddlt llcense and unlea ”“_Tj?fi*;fy”and‘thlnklng among

g studentlearnlngby sfp"-p,ss}l- ing to a s_tu’d,_e"ht- ' is' ‘:&iff ferent senses T

fithrough the exploltation of'd fferent medlums Caltlln, et

:falif'*“, effect ofjmultlmedla on a group o}

‘ffv1sually 1mpa1red st‘dents _nd”dlscovered that “memorygli




 best engaged 1f a student employs a varlety of senses to e
fcomprehend examlne and reflect the 1nformat10n 1n thexjf”'
‘hQPrOCGSS Of storlng lt” (p 90) However,v erhaps the greatesty

?wdlnfluence on learn1ng multlmedla affords 1s through 1ts

*~Q?un1queness and openness for belng able to produce customlzed

programs Wthh motlvate and stlmulate learnlng

”"Creatlng Personal Programs Us1ng Authorlng Systems and Screenif."

z"f De81gn Pr1nc1ples *\cu-wfnmw

Dahmer (1994) deflnes an, authorlng system as belng llke

'-ithe sets of tools a carpenter would use to bulld a house

1These tools are analogous to the electronlc tools needed to

“':»make multlmedla programs,'such as those used to ed1t text or

’Tf'ecent developmen'

‘lmake graphlcs and anlmatlons Most of the packages avallable ;
: to the programmer can be found 1n two modes-_one for the
b‘_glnexperlenced programmer,’and the other 1n the form of a'

:“5scr1pt1ng language (Dahmer, 1994) .fdﬁtf};fffg‘f*"

:{p Today, anyone w1th a computer and 11m1ted experlence cangfh,vff

create thelr own CBI program us1ng authorlng packages fc

.yavallable on the market ‘ Overbaugh (1994) explalns that the

of newer authorlng systems prov1de tools

‘ijor nonprogrammers to create software, yet “developep

hould |

:f draw on the experlence of 1nstruct10nal des1gn theorlsts and

'Tfresearchers 1nvolved 1n the development and evaluatlon of

‘“educatlonal courseware” (p 29)




Séveral theories aboundjdealinngith'how”pérsonal
authoring systems should beIUéedfin the structuring of CBI
'programs (Overbaugh, 1994; Ross & Moeller,»1996). Overbaugh
(1994) prescribes a'“procéss by which a predeﬁermined
instructional need will lead to‘pedagogically sound computer-
based courseware” (p.29). The stages include:

* lesson design: defining the instructional set and

* teaching strétegies; |

* student performance: eliciting and assessing

performance; |

* and feedback (Overbaugh, 1994).

Using Gagne'’s médel ofviﬁstructional events as a
frameWork for designing CBI programs when working with an
authoringvsystem, Overbaugh (1994) breaks down each
instructional event into three learning domains:
instructional set, teaching strategies and student

performance.

Instructional Set

The instructional set encompasses Gagne'’s first three
events of 1eafning: gaining attention; informing learners of
the objectives; and stimulating recall of prior learning
(Overbéugh, 1994) . The purpose of the instructional set
“prepares learners to engage in the forthcoming new
information” (p.30). Bransford et. al. (1990) shared a

commonality with Overbaugh’s view and presented their theory
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of “anchored 1nstruct10n” 1n Wthh “an emphas1s on the ffJ3’?
ﬂlmportance of creatlng an anchor or. focus that generates
'-1nterest and enables students to 1dent1fy and deflne problems o

- and to pay attentlon to thelr own perceptlon and ':;»f‘

comprehens1on of these problems"t(p 123)

d‘x Overbaugh (1994) wrote that the 1nstruct10nal set can be
l enhanced us1ng several CBI des1gn theorles, ‘and that the
process of galnlng attentlon can be suff1c1ently establlshed*'
tln a varlety of ways us1ng CBIY such as through a tltle
screen, a v1sual st1mul1 or s1tuat10nal descrlptlon ‘ Wang
"(1994) rev1ewed llterature wh1ch showed that the most
’effectlve.CBI programs,were:those that‘varledithe usevof,
kfeatures such as color, prlnt s1ze, text dlsplay rate, andjd
nothers as a- functlon for galnlng attentlon,“ More-'
gdlmportantly, ga1n1ng‘attentlon also serves a purpose for
motlvatlng students towards 1nstructlon and orlentlng thelrlﬂ

‘cognltlve;ablllt;es at the.early_stageS’oftthe program;

“Teachinq‘Strategies"

The teachlng strategles domaln 1s comprlsed of three

ﬁ;events- presentlng stlmull, prov1d1ng learner guldance and

‘lenhanc1ng student retentlon and transfer ' ThlS stage of the'o g

-_Acourse actlvates students’fcognltlve abllltles and alds themdf
'"1n the process of thelr thlnklng (Overbaugh 1994)
'.Presentlng stlmull u51ng the computer entalls 1mportant

factors Wthh must be cons1dered when presentlng 1nformatlon
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" on the computer'screen (Overbaugh,f1994f“Rossl&:Moeller[:.'“
'-;.1996) | 0verbau§h' (1'9.947) f‘ré@'fﬁ:ﬁ'ehds to “\keep the screen as

’fs1mp1e and uncluttered as poss1ble because presentlng too '

~‘much 1nformatlon at one t1me can be confus1ng and

“overwhelmlng” (p 32) , However,_a study examlnlng whether
':screen des1gn 1ncorporat1ng graphlcs and text effects :7"
“students' learnlng 1ndlcated that‘“the placement of text
fand/or v1suals may ‘not pos1t1vely 1nfluence student |
,1ach1evement on dlfferent educatlonal objectlves” (Noonen:&‘
ﬂDwyer, 1994 P. 325) | . |
The purpose of colorllnba\CBl program can have both
.:pOS1t1ve and negatlve effects on learnlng (Overbaugh 1994)
The effects of color 1n computer screen des1gns and learnlng
ig shown to be most effectlve when cons1stently used for
‘1'hlgh11ght1ng and draw1ng student attentlon to detalls,- -
.however, 1ts effects can be dlstractlng and hlnder hlgh
'\bachlevers when overused (Overbaugh 1994) Ross and Moeller'v”
(1996) evaluate the use of color and warn that.“spectrally.
,oextreme colors,” llke red and blue, can;cause eyerfatlgue;andlt_,
'headaches R
l Prov1d1ng learner guldance can follow the precepts of
'dftwo dlfferent strategles for presentlng 1nformatlonlb
Lelaboratlon and.” 1nqu1ry learnlng (Overbaugh 1994) ‘Thelg;jl‘b
thought of prov1d1ng guldance us1ng elaboratlons helps the
_learner recelve 1nformatlon 1n 1ts bas1c form and then move;

,‘“progress1vely toward the more complex aspects” (p 32)



Jehng & Spiro (1990) cite_two.factors which relate to the

.progression of khowiedge from the concfete to the abstract:
vao:importantvthings happen és you‘move'beYOnd
the initial‘introduction‘to avcontent area to more
advanced stages of knowledge acquisition in that
area:‘First, the conceptual,concepts tend to become
more complex and the basis of its application more
,illéstructured; and second; the goals-bf learning
and ériteria by which learning is aésessed
shift.,.frdm (a) ‘introductory level‘familiariﬁy
with concépts to the mastéry ofvimportant asﬁécts
of complexity (p.167); |

Overbaugh (1994) suggests cpmbining the strategies of
"inguiry learning" and "elaborations" for effective 1earning
guidance. Both are processes which involve‘methodsvof
instruction fhat are centered on inqﬁiries, and guide thei
learner to a response that is reflective of learning
'objectivés.

The final objective in providing learner guidance is
enhancing student retention and learning transfer. Overbaugh
(1994) recommends a series of strategies to aid student
retention. One of these strategies is the use of

“synthesizers.” Synthesizers are recognized as the toéls
that help increase student retention by helping them to
“compare and conﬁrést related ideas and show how ideas fit

within the overall knowledge structure to increase

49



.Jf meanlngfulness and motlvatlon"5(0verbaugh’ 1994 p 34) |
f‘Gagne, et (1992) suggest that synthes1zers,iand other“
bﬁlearnlng tasks presented by the 1nstructor, can be .
ffdaccompllshed 1n a'“varlety of novel appllcatlon 131tuationsld”

fd,for the purpose of ensurlng the transfer of learnlng”(p 198)

"ffThus, the theory behlnd learnlng transfer and CBI presents

'~; memory and represent “the cor

'Vt;flnstructlonal events whlch 1nclude e11c1t1ng performance,

":_51994) ,

ﬁ{ that'“when the learner applles new learnlng to new contexts,fjﬂ"

‘"he acqulres addltlonal cu,v;that later can:be used 1n i}f

fffsearchlng long term memory for the‘appnoprlateicapablllty

v‘(Wang & Sleeman, 1994 p 70) to solve D

‘roblems These “cues”"

are the executlve cogn1t1ve processes Wthh allow the student‘

fvto retrleve prev1ously learned_mateff *32:"”

hase of learning” (Wang &

""_‘»vSleeman, 19_9:4,‘;p.§_4)»".

“fQStudent Performancef

Overbaugh s (1994).third domaln of learnlng is referredV‘*‘

Vfto as “Student Performance ”1 In thlS domaln are a subset of L

bﬁdasseSS1ng performance,and prov1d1n eredback (Overbaugh

E11c1t1ng pe form nce requlres a learner to demonstrate :

' ;,jfthat a newly:learned behav1or has been learned (Gagne,”et

‘ l 1992) Research c1ted by Wang & Sleeman (1994)
‘flndlcated that “students learn more when they are able to o

‘lhandle tasks and questlons w1th hlgh rates of success, and ‘

ﬁf.;long term'ﬁf_f



ﬁhatihigh—sﬁccess;activitiestar§ often‘és?ociated wi;h:higher
ievels of student on-task Behévior”v(p.68)."Conééqﬁently,
active students will‘iikely spéhd.mdfe tiﬁélénttaSk,vview
embedded information'and‘scére higher,bn acﬁievement tests
(Rosé'& Moeller,’1996)§ bdvéfbéﬁgh‘(1994) addsjthat,‘
“performance demands shoﬁld be_withinithé learnefs’ reach in-
order to enhance achie&ementfstrivihg behavior; therefore,b
.designers may.accept 1ower standards at early sﬁages in»the
learning pchess" (p.34).

Following student‘activityvis the process‘of asseséing
performance which “establishes whether or not the new |
learning has reasonable stability”-(Wang & Sleeman, 1994,
p.69). Gagne, et. al. (1992) warn that some performances may
not be reliable‘and therefore require additional
opportunities for providing eVidencevthat a “learned
capability” is genuine. Assessment may also be diréétivé and
‘provide guidance for cérrect or incorrect énswers (Gagne,‘et.
al. 1992). 1In essence, the computer can provide the best
situation for assessing performances, and as Overbaugh (1994)
attests: “it patiently waits for students tb absorb
information and formulate responses; it provides all learners‘_
with the same level, quantity, and quality of assessment |
procedures; and it simulates situations that resemble or
élosely represent ‘real’ éituations” (p.34).

Another critical component in the design of CBI programs

is the provision and standard of feedback for learner
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performances (Gagne, et. al., 1992). *“Providing students
with information about their own’learning facilitates
performance” (Overbangh, 1994, p.35). Thebtheory‘behindv
feedback‘isithat‘it_will inform the stndent the.degree for o
which his/her answer 1s correct, and the student wiil |
consequently make éorrectivenaction‘or continue with the

- program Qf instruction (Wang:& Sleeman, l994). Research on

. feedback indicates tnat student aChievémenﬁ is‘higher when
‘learners are provided with prémpt responses regarding the
-correctnésslof their thinking (Wang & Sleeman, 1994).
Furthermore,-feedback is shown to prevent‘“lost—learner”
problems and restore achievement (Ross & Moeller, 1996).
Overbaugh (1994) states that CBI programs “can be designed to
provide adaptable feedback based on learner responses and to

recognize responses that are not entirely correct” (p.36)
Conclusion

Science instruction has evolved over time with the
impacts of various influences encompassing societal changes,
technological advances and the understanding of how learners
proCessvinformation.' Early reformists called upon changes
towards instruction and theorized that diScovery based
‘learning, appropriatély‘designed tokmeet‘the matufity of‘the‘
learner, was more influentialithan_rote'or passive leafning

strategies of the past. Science instruction continued to be
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»ancentraldlssue ofﬂdebategandiconcern forbmanylyéarS:i_As;e.
~‘“societyiandlitshperCeptlon of sciencerchanged‘ SOtdld the‘c
curriCulumuf Today, s01ence 1nstruct10n 1s moylng away from‘
.the llnear approaches of textbook adoptlons and 1s focu81ng ‘
h»vupon the process of how we teach students, rather_than whatp:

"we teach | | | L
‘. In the 1960"'s cognltlve researchers began to help
‘reshape people s perceptlons of learnlng E Learnlng theorles o
' presented by Piaget, Ausubel and Gagne concluded that new
knowledge ‘is achleved through spec1f1cally learned rules
'swlth,the‘advent,of'technology,'Gagne establlshed a hlerarchy“
of'instructional’eyents’whlchjcould contribute to the methodl
‘of presenting'lnstructionland eftectblearning'outcomes. v
Contrasted to the»disc0very_based learning approach, Gagne’s‘
bltheory‘was perceived by someveducational theorists‘as beingla
: structured model for presentlng 1nformatlon

vIssues 1n,sclence today, as prescrlbed by the‘Callfornla
Science Framework (1990)_ call for more actlve learnlng on
the part of the student Dlrect ekperlences, u31ng hands—onj:
materlals and 1nvest1gat10ns,:are ‘ar necessary focus in. |
‘hsc1ence 1nstruct1on | Sc1ence currlculum developers are
produc1ng an array of sc1ence study klts, u51ng themes and
tOplCS to dlrect content objectlves ‘and lesson des1gns
Consequently,-educators questlon theylnstructlonalﬁ
,significance.of hands—on materials, especiallyvfor,young

‘students. Some of the concerns center on the’releVancy‘of ‘

53



St hands on materlals and the mlsconceptlons chlldren could

: develop when worklng w1th them : Even more, because of the ':
: conceptual SklllS of young 1earners, 1t 1s malntalned that

;bhands -on. materlals mlsgulde ch11dren s understandlng of T;V"”

'K7ylesson objectlves and stlfle the1r ab111ty to make effectlvev'

K 1nterpretatlons . Thus,‘educators 1ook for meanlngful methodsV'
'jtto utlllzlng hands on materlals 1n a structured env1ronment

'han stlmulate students'fﬁ

. ;Instructlonal materlals must do more t

'“;Jlnterest in Concepts, but must: also ald the1r attentlon onto ag,””

1nvest1gat1ve abllltles and the appllcatlon of crltlcal

b:thlnklng skllls wh1ch go beyond observ1ng, orderlng and

bclass1fy1ng

Connectlons between learnlng us1ng hands on materlals fﬂg?_

‘,fand problem solv1ng skllls are seen _s v1ab1e methods for

',yaddress1ng young students understandlng of sc1ence fForff

1fmany years educators have strlven tOfpromote students

"wyproblem—solv1ng skllls.iy‘j;w

"1fapproaches,-a number of v1s1o ar'es are seelng a: demand for

tistudents w1th sens1ble proble“—solv1ng skllls and ablllty to |

lr'work 1n a demandlng and changlng,workplace.} Because of the

»’”-'feV1dence Whlch suggests ‘that many~_of the students enter:Lng

'ftthe workplace today are 1nadequatelf:prepared ,educators are

:looklng 1nto ways for 1'p1eme ,ng problem—solv1ng SklllS in 5

fi€the1r lessons.. The research 1nd1cates that the teachlng of fV*

“7fproblem solv1ng sk;~ sbshould begln at an early age.‘ LeSSOHS‘




should be;designedeto effectivelyzengage student
understanding at alleVel matched'to theirbintelleCtual,needs,
nand build upon sk1lls already mastered 'ﬁlmitationsvin.the‘
‘-‘des1gn of problem solv1ng lessons effect learnlng
‘performances, but can be rectlfred;u31ng Gagne s model of
”learning which builds upon a student;slcomponent skllls.

Computer based 1nstruct10nf(CBI) 1s v1ewed as one method
for effectively enhancing student problem—solv1ng abllltles
CBI is prof1c1ent in 1ncreas1ng student achlevement when
compared to conventlonal methods of 1nstruct10n It can
have a p081t1ve effect on learnlng by utlllzlng an adept
visual medlum rather than text based or verbal formats of
instruction. 1In relation:to addressing student problem—
solving skills, CBI presents 1nformatlon in a manner that can
be programmed based upon the component and entry skills of
theflearner. vThe impact of CBI rn~sc1ence'1nstructlon is
found to increase student achievement,flntereSt, motivation
and attitude towards science.“yRegarding problem—solving
Skills, it can‘provideca platformaforadelivering instructiony
that is integrated mith.learnlngltheories such as Gagne.

As a learning tool, CBI can be enhanced using&
multimedia;_ The power of CBI programs using-multimedia_
'actively’involve'students'through the use of visuals; soundl
‘and'text Multlmedla can appeal to the dlfferent learnlng
styles of young learners through 1ts unigue presentatlon of:

1nformatlon in a varlety of formats. It has several beneflts
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in the classroom inclﬁding greater student motivation,
‘attention and creativity.

Authoring systems can positively change CBI programs.
Following Gagne’s modei of‘instructionaivevents,béuthoring
systems can allow a programmer to create courseware, and
émploy concepts defined by 1earning theoriés into meaningful
instructional programs. Screen design principles add
components to programs which effectuate learning, and the
flow of information can be set up to address the learning
objectives using an authoring system. Authoring systems can
also establish progfams that are designed to increase student
performance through instructional sets which activate
previously learned material, and guide learner responses

through questioning and meaningful feedback:
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CHAPTER III: GOALS AND OBJECTIVES

Project Goals

The primary goal of this>project.will be to develop a
computer based‘instructionalzprbgram to coﬁplémént thei
‘conteﬁts of the Desert Habitat‘Study‘KiE. :The projéct Will
be baéed'upon comﬁuﬁer“§Creen design and.1earningrprinciples(
and utilize the hands—qn méﬁerials of the study kit as the
basis for itsidesign.' | | |

‘Thé_project will ﬁollow specific information presented
by thé study kit and reorganize this information to help the
students achieve learning objectives‘which promote problem

solving-skills.
Project Objéctives

Using the theme “plant énd animalvadaptations” students
-will make observations using the hands-on materials, and
information pfesented to‘them.through the project,vto
successfuily demonstrate an ﬁnderstanding‘of how animals and
insects adapt to the desert.  Learners will also answer to
concepts such as: identifying particular desert animals and
insects, identifying where an animal lives, and defining what
adaptétioné an animal makés to survive in the desert. Upon |

mastery of these objectives, studehts will simulate their own
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'desert anlmal for successful adaptatlon 1n‘a desert
env1ronment
Pro;ect des1gn objectlves w1ll follow the “hrerarchlcal
"2learn1ng” approaches for establlshlng problem—solv1ng skllls
L_(Gagne ‘et. l.) 1992), in Wthh students w1ll be taught
ithrough a step by step 1ntroductlon of component skllls, w1th a
Ny each step embeddlng the skllls of prlor 1earn1ng Component
.skllls for 1nstructlonal objectlves are based upon the o
:follow1ng desert anlmal adaptatlons for surv1va1 d,Phy31cai

Characterlstlcs, Dlet Habltat and Defense
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CHAPTER IV: PROJECT DESIGNYAND DEVELOPMENT

Background

The San’Bernardiho éQunty Museum’s Educational Qutfeach
Program was created as a means for establishing
collaborations with schools throughoﬁt San Bernardino County.
Using a direct-learning and hands-on apprdach, program |
coordinators developed'a series of habitat study kits
reflective of the differeﬁt environmental regions of the
county. The purpose of the museuﬁ's study kits is to help
teachers énrich théir science instruction by including
~collections of hahdé—on matérials which facilitate,learning
experiences fdr students.

One of the kits offered to teachers through the museum’s
loan program is the Desert Habitat Study Kit. The Desert
Habitat Study Kit contains sets of preserved plants and
animal spedimensvwhich the students can see and hold. Each
of the animal ébécimens'are‘éategorized by speciés, sﬁch as
mammal, bird, reptile and invertebrate. The Desert Habitat
Study Kit ale-conﬁains backgrouhd’infofmétion on each of the
plants and animgls, a filmstrip, six reprdducible Worksheets
and a copy 6f activity idéas."The 1earﬁingvobjéctiVe of this
kit is to present learners with different plant and animal
specimens of éurrdesert~regiohs, and help them identify each

one based upon their distinctive traits and abilities.
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Project Structure and Content

The Animal’Adaptations'in the“Deseft software pfoject
was completeddas an instructional‘supplement to the County |
Museum’s Desert Habitat Study Kit. The intention of‘thet
prbject was to create a‘computer based instructional program
which will nelp students in the third grade understandbthe
content Qf the Desert Habitat Study Kit” and acknowledgelthe
adaptive abilitiesdpf the Desert Habitat Study Kit’s animals
and insects through a series,of problem—soiving activities.
The project makeS;ample.use ofianimations, sound, video and
text to help fulfill this objective.

The primaryvgoei ef thevprojeet‘iS‘td orientate student
learning througn events of instruction“Which help them
‘understand how animals adapt. Concluding activities in the
‘project follow a hierarchical fbrmat; initiating basic
identifying and recall skilis from‘tne user, and then lead up
to problem-solving skills.v This project is also based upon
The California Science Framewbrk’s:(1990)itheme fer life.
science in grades three tnrough six, entitled “Systems and
Interactions.” »Torassist’students.in understanding the |
delicate'reletionship animals of the desert have with their
habitat, the tneme'of animal adaptations is revieWed‘
throughout the project for each.animal and insect.

The title screen of this project'(see'Figure 1) greets

the student with a computer—draWn background of a desert
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landscape, the title of the pfoject,'and three windows
showing motion video clips of blénts and animals found in the
desert. The.mqtion video clips automatically play when the
project is activated, but can also be replayed by clicking on
any of the windows;‘ The title screen catches the student’s
eyes, and contains graphic images which‘servé to orienﬁate‘
~the student’s thinking about the desert and the animéls that
live there. To acéess the main menu, students must press the
arrow‘button which is directed towards the right.

The stacks in this project cover‘speéific information
pertaining to the different animals and insects of the Desert
Habitat Study Kit, and can be selected by the user from the
main menu screen. Figure 2 illustrates the main menﬁ‘screen
of Animal Adaptations in the Desert and offers five areas for
student exploration and interaction: mammals, reptiles,
birds, insects and activities. The student may also opt to
quit the project from this screen dr get help. From this
point in the project the stacks are broken down by individual
animals and activities, and represent the overall content of

The Animal Adaptations in the Desert project.
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The Qrganizatiohal:strUCture of the‘préject is
illustrated in.Figufe 3 and shoWs hOW information concerniné
the “Fringe—toed-Lizard”:éhd‘“Build an Animal Activity” are
laid out. All of the‘étacks are linked together and allow
students to névigate with ease from one topic éréa‘to another

The content of this project is éomprised df»animais
~which can be-féund in the study kit,ahd‘aré as follows:

+ Three mammals : The_Wood Rat, Kangaroo Rat and The

Whitetail~Antelopé Squirrelf
*  Two biﬁdsfiThe‘éactﬁS]Wrenvand.The Hofﬁed Lark;
*.'Threéireptiles} Thevbééert.Tortoise, The Fringe-toed
Lizard and fhe‘Sidewinder; and

*  Three insects: Thé'Scorpion,:ThelThread—waisted

 Digger Wésp aﬁd The White—lihed‘Sphihx.

.Once the student selects the'aﬁimal of his choice, he
can begin navigating through the stacks and“choose areas he
is'inﬁerestedlih léatning{ébéut, Depending on tHe”éniﬁal’the
studenﬁ séléétS}‘deféils aﬁéﬁt £hatvaﬁima1‘éfe bfékén intd
>four topic afeaSiand canibe accessed‘thrOugH'specijic
submenus: Information, Diet, Habitat and Adapﬁations (see
Figure 4). jFiQﬁrés}S and’6¥feVéal:h§w cdhcepts bértéining to
bifds and insécts iﬁ the projecﬁ are.respectively disélosed, 
and do not contain the same sets of detailed.informatiOn as

the mammals and reptileS'dd‘bécause of their physical traits.
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Lizard Information” Stack and “Build an Animal Activity”

Stack.
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“Information” stacks report facts about the background
of each animal and consist of either motion video clips,
digitized pictures or animated graphics. The text in the
“Information” stacks briefly explain basic features of each
of the animals and insects. The “Diet” stacks report
informaﬁion about the diet of each mammal and réptile in the
project, whereas the “Habitat” stacks show the different
areas and niches these animals survive in. Thé “Adaptation”
stacks provide information to the student on how each animal
successfully suits itself to its environment; even more,
these stacks relate facts such as: estivation, migration or
animal metabolism.

Once the student has completed the stacks for each of
the animals and insects they may begin to navigate and
complete the activities presented by the project. In all,
there are four activities in the Animal Adaptations in the
Desert project. They are as follows:

* Name That Animal: A basié recall activity which
requires that the student identify a particular
animal or insect based upon certain characteristics
described to them;

*  How Animals Adapt: This activity léfs students define
how particular animals adapt to their habitat.

* Make The Adaptation: Given a specific habitat, the
student chooses the correct adaptive features that

would help an animal survive.
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'”f Bu11d An Anlmal : The student can create thelr own ;*PA

desert an1ma1 and descrlbe how 1t surv1ves 1n 1ts

| _.hab;tat.;.'_v"”

- Technology Requirements =

:Thls prOJect requlres the use of a Mac1ntosh Computer,

ffpreferably from the Power Ma_lntosh platform, and the
5fprogramm1ng software Hyperstudlo 3 O for max1mum operatlonv.
;.Approprlate RAM demands are 1n the range of 50 to 60
'megabytes (MB) The prOJect 1s currently stored on a‘“le‘

ffDrlve”‘dlsk Wthh stores‘up to 100 MB;(See Appendlx B)

: Because of the amount‘of v1deo segments‘and anlmatlons,‘ﬂd*-‘"
L ngher performance, faster computer response tlme and betterf'w
i,resolutlon of graphlcs w1ll result 1f the user has access to;”“

"*av“le Drlve” dev1ce to operate the program ;’

t»iNayigationai Besignd;gih?w

: The Anlmal Adaptatlons 1n the Desert prOJect 1s a.

5;_comprehen31ve computer based 1nstruct10na1 program detalllngfvfff

;on adnumber'of dlfferent anlmals and

‘ffiﬁéééts; Thejlnclus1on of a functlonal nav1gatlonal system ff*

wﬂfor thlS progect was des1:' d to ass1st students 1n worklng

'”fiw1th the dlfferent stacks A stack w1th only one card was




‘designed with a return ::xa.fraw wr,i.i} h roltes the student back to

hthe submenu (see Flgure 7)
Conversely, Flgure 8 shows how a stack w1th multlple'

_‘cards WOU1d appear in. th1s PrOJeC The left arrow takes the737'

h-j'student to the prev1ous cardf'whereas the rlght arrow takes':"

ﬂythe student to the next card Cllcklng on the return arrow :

_.w1ll reopen the submenu stack ,,T

5f Arrows are arranged on the top of each card where they

qccan be eas1ly found and are placed s:.m:|.1ar13,"."l L

f_stacks. The student may also Clle on the:sectlon of‘buttonsftﬁfﬂ»-w

'fon the bottom of. the screen to nav1gate w1th1n a specifrc

llanlmal s stack These buttons offer an eas1er method for:f#
,»moylng from one toplc area tolanother, 1e 1nformatlon, dlet
lftor habltat Dependlng on where the student 1s 1ocated 1n the%;urfb

lstack one of the buttons are shaded w1th a dlfferent color‘.;

E’to help h1m or her know where they are 1n the programu‘:;n;;f7-h"‘&f
certaln stacks an. 1con of a magnlfylng glass 1s used to .
nav1gate the’program. Students may cllck on. the 1con to séé“ffu[,ﬁ;

"dlfferent perspectlves of an anlmal (see Flgure 9)

The concept of learnlng pr1n01ples was applled 1n the

E de31gn of the nav1gatlonal system as well The nav1gatlonal

‘,.system prov1des a framework for learner guldance and

ﬂlstlmulates the d1rectlon of student thought.v Flgures 9_and

10 deplct how the nav1gat10na1 system 1s used to guldl‘”ff'ﬁ

students%and_el;clt.afresponseﬁfrom hem;}f
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The home range of
larger males is about
one square mile.

Desert Tortoises move
at a slow pace of
about 20 feet per
minute. |

Figqure 8. “Desert _-Van_tqise~Inf_c-rmatinn" Card
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The Kangaroo Rat is
{really not like a kangaroo
or a rat, but is more Ilke a
1small rodent called the
[Pocket Mam&z&, It hops

along like a kangarnu on
its hind legs and uses its
tmg frnnt pau,ls as hands.r
{The long tail helps the :
I{angarnn Hﬂt keep

Figure 9. “Kangaroo Rat Information” Card




Kangaruu Hﬂt and the
Pocket Mouse?




In this‘example, a highlightéd word in_the tethscreen
acts és a button to move the étudent to another level of
learning,  ie. distinguishiﬁg the Similarities between a

‘Kangaroo Rat and a Pocket Mouse. 'The»left arrow on the next
card (see Figure iO) provides the étudent with a link to
previously learned information. |

Thus, the student may.féel'free'to’mOvévback to the
previous card befbre makingvayfesponse,toithe question.‘ The
right arrow on this card guides theistudentvto thé:correcﬁ
anSwer; |

The navigational design df’thiglproject_can be
manipulated by the étudent,So that infdrmation is presented
in a honlinear manner. Once the studentvbegins tQ understand'
the functionality and purpoSe'of the navigatioﬁal design,'
they can independently move from oné topic area to another
and chose specific areas of interest without haviﬁg to go
thrgugh a whole set of cards. Figure 11 portrays how an
individual may névigate from onektopiC»area to another.
Using a nonlinear approach for navigating the project, a
studeht may routinely return to the main meﬁu from any cafd
in the project, Qriaccess topic aieas withinva StackVSisub—

menu.
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Insects Main Menu Birds

Mammals | Activities ‘|  Reptiles
Kangaroo| ' - Desert
‘Rat . _ Tortoise
[ [ | 1 1 | ]
Info Diet Habitat |Adapt| Info - Diet] |Habitat |Adapt]
Card 1 , o Card 1

Figure 11. Animal Adaptations in the Desert - Navigational
Flow Chart for “Kangaroo ‘Rat Diet” Stack to “Desert ’
Tortoise Diet” Stack.
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' -JiInstructronal“besign~J;,ﬂ_fju”

The Anlmal Adaptatlons 1n the Desert prOJect 1s based

J:?fupon Robert Gagne s»“Events of Instructlon” (1992), and the

bffﬁﬂcomputer programmlng prfnc1ples of;Rlchard Overbaugh (1994

£7f'rsee chapter 2) .Becaus‘

of the exten81ve _1ze of the

,prOJect s content the matter of 1llustrat1ng 1ts

'alnstructlonal des1gn w1ll be descrlbed us1ng stacks from the

~ “Kangaroo Rat” and some of thefwollow—up act1v1t1es

Beglnnlng w1th the concept of focus1ng the learner,vthevfb'
*llnltlal process of ga1n1ng the student s attentlon is
ﬁachleved through the use of dlgltlzed camera 1mages of the:‘.
'vfanlmals and 1nsects from the study klt (see Flgure 12)
rlThese v1suals prov1de a stlmulus Wthh motlvate student
Rﬁ1nterest 1n the program and help them to beg1n formulatlng
djperceptlons about theucontent.areav Tltle screenS~work to
',orlentate student th1nk1ng and communlcate the objectlves of

the stack s . content K For 1nstance, F1gure 13 shows how the'

'.;lobjectlve of 1nform1ng the student of the Kangaroo Rat s dlet S

s'ls completed through the use of a tltle screen, graphlc 1mage'
:f‘and supportlng text f1eld Multlmedla technlques, such as

isound v1deo and text also help to comblne the newly learned_f

L materlal w1th concepts learned from the study klt ' Thus,_.

lllwhen a student actually sees or hears about the Kangaroo»

L-Rat s dlet they can relate thlS fact to the anlmal Wthh

i

:,they learned about prev1ously from the study klt.}‘
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"%gi_gure_- . 12. - “Kangaroo Rat Information” Graphic




‘Figure 13.

f“Kangarno RatJDiet“fCard.

‘The Kangaroo Rat eats |
mostly seeds. Grass seeds|
are the most important -
part of the Kangarnn Rat' s

diet, but it will eat u_theri 5

seeds if theg'are'cl"n'seﬁg
Seeds are kept in small
hules ﬂrnund the )




fiﬂapresentlng materlal to the student;

Text and h1ghllghted words serve the'purpose of
fand prov1de crltlcal

hnexamples of the content s objectlves (see Flgure 14) Théf*Tk

M‘;_hlghllghted text relnforces new skllls us1ng anlmatlons, and :

) presents the materlal w1th a comblnatlon of mov1ng plctures ffl
‘7Jand sound

The student 1s prov1ded guldance through several

.fdlfferent programmed features thavxare reflectlve of the Ean

_‘1earn1ng objectlves v ThlS partlcular learnlng pr1n01ple can‘fp7u‘»

‘k‘<be seen 1n the act1v1ty “Name That Anlmal”f‘whlch requlres

‘:;students to 1dent1fy partlcular anlmals from the pro:ect (see7
hFlgure 15) Th ﬂ“clue””button on the menu bar prov1de cues
'*whlch help the student.retrleve prev1ously learned materlal

and then allow the student to return back to the orlglnal |

‘tlnqulry (see Flgure 16) | Sound buttons relate 1mportant

‘;materlal to the user and are des1gned to help them make sensei
. of the 1nformatlon dlsplayed on each card : Cards in’ stacks
‘1are also)structured in- a 11near format ‘and present materlal ey

through a progress1on of llnked concept”

i The act1v1ty sectlon of the;prOJect"sfcomprisedVofWV“

fg.stacks whlch draw responses from:thenstudent}ngurthermore}i'g“”"

wfboth pos1t1ve and negatlve feedback to student responses 1s1‘

ftprogrammed throughout all of the act1v1t1es _ If a student

makes an 1ncorrect response, they!hear a partlcular sound

‘jWhlch they soon lehrn SuQQests that thelr answer was not V'VL‘

h_‘r;ght.ngowever,‘lf they make~a:correct answer to the
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“Kangaroo RBat Adaptations™

Kangaroo Rats spend
most of the day inside
their cool burrows and
come out only at night to
find food. They change
{dry seeds into water, and

their kidneys help them to
istore this water inside
their bodies. '
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*]fdelementswfor;an;malﬁadaptatlons_

'1nqu1ry, they hear “applause” and~can move forward 1n:the B

'Vact1v1ty In the act1v1ty “Make:the Adaptatlon”” students
o are prov1ded 1nformat10n aboutf;helr performance, and shown a;ﬂﬁ?h:

lﬂgraphlc Wthh demonstrates the correctness of the1r answer

ﬂe(see Flgure 17) ThlS des1gn ph;nc1p1e accentuates the

”hﬁstudent s understandlng of thelr answer and relnforces the

h?learned Sklll

t;also represents the prOJect s attempt to employﬁproblem—f

' solv1ng strategles 1nto 1ts des1g sIn th1s”act1v1ty”

. students must address a problem solv1ng 1ssue and de*onst ati

aithelr understandlng of how an anlmal adapts Th fproblem—_iv.

',solv1ng task of creatlng an an1ma1 requlres that the student
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My animal is a ... long tailed, fringed toed rodent

It is adapted to its habitat because... it is able to run on the
sand and hear predators. | ’

Figure 18. “Build an Animal Example” Card



‘l‘gScreen“Designj:'

Flgure 19 shows how most cards 1n the prOJect are e

bvffde31gned : Each of these cards are llnked to elther the

'~submenu or the maln menu.- The menu based organlzer on the

g-ebottom of the screen 1s‘added to each card to help Wlth

b’innav1gatlon. ThlS menu can’ also be used by the student to e

'f‘access other toplc areas of the anlmal 1nformatlon,”

rdlet habltat or adaptatlons.‘ As prev1ously mentloned the
| button Wthh is hlghllghted remlnds the student whlch stack ;
’;they are currently Worklng 1n R o |
i A color system 1s used for selectrve purposes and 1s
jdes1gned to ald the student s understandlng of how the‘
'TprOJect is lald outv; Each anlmal 1s deflned by a certafn
vcolor,‘whlch 1s present ‘on all of the buttons and menu bars{:
Furthermore, each card 1s formatted w1th s1m11ar fonts and
‘font s1zes The relatlonshlp of button placement -menu- bars
E and text flelds on each card are also des1gned s1mllarly ‘
';throughout the prOJect l Th1s feature helps the student
- organlze the 1nformatlon presented to them,:and allows them'

;to eas1ly fam111ar1ze themselves w1th the progect Wlthout

":Qhav1ng to learn too many steps for 1ts operatlon.{f_?”n

Textual 1nformatlon 1s kept to a mlnlmum to prevent
overload of 1nformat10n and can be heard from a sound buttonjuf
on: each card Hypertext are used for elther lettlng the

;tstudent see dlfferent perspectlves of the anlmal v1ew a
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The tortoise uses its
bladder to help it
{recycle water and
store it for later during

times of need.

Figure 19. .' “Desert Tortoise Adaptations™ Highlighted Text



f’short v1deo c11p or hear a sound These features add

1nteract1v1ty to the screen and allow the student to see or ;jﬁfuﬂvf

o hear 1nformat10n they would not normally get from a textbook g7fa}fj“

HVV‘Formative?Evaluationf

Anlmal Adaptatlons 1n the Desert was tested on two :

jhvolunteer students 1n the thlrd grade from Klmbark Elementaryﬁfgﬁf]ﬁbw”

'”fln the San Bernardlno C1ty Unlfled School dlstrlct Two bOYSiA"dlt-'

J-and two glrls were selected by«random, and g1ven a 1etter of CI

,'consent to be s1gned by thelr parents before evaluatlons

.‘.began. Two of the students served as alternates

Each student was observed as they worked on the program_aﬂp’

-[durlng lunch and ‘noon recesses for f1ve days., The students

-.'were observed accordlng to the follow1ng cr1ter1a The

effectlveness of the program s‘nav1gatlona1 deS1gn and how '

""I;subjects were able to move throughuthe program, partlclpant

':fresponses to pos1t1ve and negatlveqfeedback regardlng the ‘,T”b

f:long 1t took each”part1c1pant*so?go tfr ugh the’program, and’jf, S

’fpart1c1pant responses to_“; stlons about the program upon

_completlon Of lessons and act1v1t1es.wlf“V'

Before the students started they were glven a brlef tour»";\f'

tfiof the pro:ect and glven bas1c“1nstruct;ons about 1ts




functionvand_desiéh.' Ohly one ofeﬁhe‘etudents had prior
‘experience and knowledge of the Desert Habitat Stﬁdy Kit
which the project wae based ﬁpon; Whereas the cher student
had no experience withetheistudy kit before. Each student
worked indepehdeﬁtlyien the preﬁect, and were isolated from
their peers. o

Upon conclusioneof the:evaluation each student was
interviewed about the project and asked the following
questions: |

1. What thingsvdid you_like ﬁost‘wﬁen working with this
pregram? | _ d

2. What things,did-YOu like least when working with this
program?

3. What did fou learn from the_program? (e;g. How does
the Kangaroo Rat»adapt to its habitat? Answers
should reflect an understanding of how animals
adapt to the desertk)

4. Did you have aﬁy trouble figuring out how to move
through the program? | |

5. Which activities did you like most and least? Why?

Feedback Received

| Both etudents used their own ihdividual appfoach to
navigating the project. One student used the “sound” icon to
heaf the text, whereas the other opted to read the text

independently. Occasionally each student would either
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[7overlook partlcular bu ons and move to other content areas

- in the prOJect before completlng all of a stack s cards,,

:successfully go through an entlre‘stackffyf ter
-“pperlod both students demonstrated a clear understandlng of
how to manlpulate the prOJect s nav1gatlonal des1gn and were ,htik

able to successfully move through all of the pro;ect s

':content

Upon observatlon, 1t appeared that each student felt
, more comfortable access1ng tOplC areas us1ng the menus from‘_'v

'fthe bottom of each card rathep"han the alternatlve route

hoffered by the return,button on top of each card (see Flgure f;d:wh
9)}‘ Both students responded that they had no dlfflculty |
understandlng how to nav1gate the pro;ect ‘Yet;»one student
.dld express that he sometlmes had trouble not1c1ng the
,‘buttons on top of the screen and the fact that more cards
"ﬂex1sted in a stack , After the 1n1t1al trlal run, howeVeri'hefft‘
:_soon learned the program s navlgatlonal des1gn and was ableyf

to complete the entlre pro;ect

Nelther student expressed any partlcular reactlon to

"oﬂthe prOJect s 1nstallatlon of sound responses for both

fy and'negatlve feedback 1n the “act v1ty” sectlon,.butiﬁ’jx

'tthey dld appear to look over each card*

,anlmatlons or mov1es Once they were famlllar w1th the

v'funCtlon of hlghllghted text in the'prOJect they pald close S
) attentlon to each card s text and actlvely scanned the text

o(_flelds for s1gns of 1nteract1v1ty.; One student responded vn“ﬁ




that some of the animations were “cool” and wished that there
were more of them in the project. |

Both students had modérate trouble correctly answering
some of the activity‘questions inbthe project. When
presented a queStiou’about:the simiiaritias between thaﬁ
“Kangaroo Rat” and the “Pocket‘Mouse”,bone studeht asked if
she.had to'make.a resPOnsekaud’was not surebhow to answer.
Both needed assistanceiunderstanding how to use the
navigational sySteﬁ toifind thelanswer‘to this partioular
question, aud each student had.difficulty distinguishing the
“Kangaroo Rat’a”ifeatures from the “PocketvMouse”..

Once the students werebfamiliar with the “Activity"
bstack ménus, they Were able to have more success responding
to questions. The “Clue” button was used by both students in
different instances to help them make the right answer to
‘ particular questions. However, the “Make the Adaptatioh”
activity proved to be more aifficult than the‘other
activities because of the stack’s design. .Each student
expressed confusion about graphics in the activity which they
thought were buttons, and both ueeded an explanation of the
purpose of these graphics.

The evaluation process forvthis project took
approximately four hourS-over.a period of five days. Both of
the students’ times to complete the program varied from the
other. Upon conclusion of the project_eaoh expressed’that

they'ehjoyed the experience and did not find it too
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difficult. The students did state that they liked the
~pictures, and dné meﬁtioned'that it was fun because he could
see how thevdésert environmentilooks. Eﬁen more, each one
was excited to be aﬁong the first studénts;to test the
project and looked forward to sharing théir experiences with

their fellow classmates.

Revisions

Several révisions were made in relation to the
feedbaék from the project’s evaiuatioﬁ. Tovhelp the students
‘understand the similarities between the “Kangaroo Rat” and
the “Pocket Mouse”, a different graphic of the “Kangaroo Rat”
Was implemented as a‘bettef reference to an analogy between
the two. The “Make the Adaptation" activity was also
revised. Graphics which appeared as a button to the students
were designed to look less like the other buttons on the

cards.

Project Strehgths and Limitations

| The Animal Adaptations in the Desert Project was
designéd with the intention of involving young learners in
science; Its strengths come in the forms of meaningful
graphics, motivating animations and useful video clips. When
used as a supplement to the Desert Habitat Study‘Kit, it
offers-students éﬁ alternative source of information and

activities.
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ff qdlrectly access for thelr own use.ﬁ Students are presented

. The program covers a comprehens1ve amount of detalls on L

klt Wthh students can

‘a}feach of the anlmalsjln the stulc'

.skllls. In addltlon, the prOJect ‘i

»hlearners, and presents th‘ ontent to them*‘n a 1anguage

‘Wthh 1s sultable to the1r needs and ablllty

' L1m1tatlons are found w1th1n the amount of content fﬁfy7'”

‘vc;‘offered by the pro:ect.,vDueftO'the.tlme requlrementswfor T

'bbcompletlng th1s prOJect, only a: selected fractlon of the

l-,anlmals and 1nsects from the museum s- study kltS Were used 1n'f”"

5ff1ts development Students who have the opportunlty to use .

'lthe study klts w1ll flnd that the prOJect does not 1nclude

‘ftlspec1f1c plants and 1nsects Wthh are found 1n the study

e kltS

In addltlon ‘museum study kltS are loaned to schools forfti_}“-f

a t1me perlod of two weeks Therefore, glven the vast amountv»j;-{‘dv

;hof 1nformat10n and materlal 1n the progect some students may*if:-.

K ;1have dlfflculty successfully completlng all of the prOJect s L e

'-content 1ndependently If the progect 1s offered as a _‘;;f".}ug

r‘fsupplement to the Desert Habltat Study Klt 1t would befi,TQ

dunllkely that all of the students:in‘a classroom would be:;,f;ﬂl’”

l-ﬁ;able to complete 1t 1n the amount of tlme that they are made

vvﬁavallable.




Recommendations

To maximize the learning potential that this project has
to offer, it is recommended that it be shared with small
igroups of students rather than‘on a‘one—to—one,basis. It is
also required that the users have access to a “Zip Drive”
device to operate the program.

When used in\conjunction,with the study kit, students
may direet the project to’research particular facts on each
of the animals. vTeacher guidance is important to maintain
studentginteractionkand nnderstanding of the project’s
objective of having students learnbabout desert animal
adaptations. Printouts of student work‘fromvthe “Build an
Animal” activity can be compiled into a book which
demonstrates an understanding of how desert animals adapt.

The project could also benefit from having more
interactive featuresvsuch‘as thosevpresented in Figure 14.
Students are motiVated'by animations and tend to be more
responsive to stacks with theee types Qf designs, rather than

those which only display text and pictures.
Conclnsions
The Animal Adaptations in the Desert Project has proven

to be an extensive and worthwhile undertaking, Even though

its instructional value has yet to be‘methodically evaluated
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”‘and tested on. a large group of tuden

' an asset to a necessary cause and has been tr1,mphantly

1ts development 1sf5f'*"“l

:1accomp11shed The need for partnershlps between schools;and-5i'ﬂﬁh*iw

learnlng 1nst1tut10ns such ‘as’: museums has been a'long

’Ahfstandlng goal‘for many educat'rs f ThlsfprOJect hasw%

‘demonstrated how technology ca‘ 1Plbrgdge the gap between fwf""”

schools and educatlonal resources, “and- presents a computer

-based 1nstructlonal program as“the tool,for d01ng so.f?i3 *-L
The prOJect also successfully employs computer des1gn

',learnlng pr1n01ples Wthh promote thlnklng in students about;gf

.idesert anlmals, and follows a. ratlonale Wthh supports.:h?g‘kw
'}theorles for bu11d1ng problem‘solv1ng SklllS 1n students

R Upgrades to the program can be ea51ly added over tlme;,;wkb
and prov1de an’ example of how technology can be used to
.enhance educatlonal resources offered by the museum‘
.sHowever, the overall success of thlS prOJect cannot be
measured solely by 1ts learnlng outcomes, but also through'fu
‘the relatlonshlps 1t helps bulld and establlsh between‘h[‘n%

'schools,_students and the museum
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© APPENDIX A

s IRB Form .

. CALIFORNIA STATE umvensrrv | Expedited Review | the catiormia’

.SANBERNARDINO P .} IRBFile#

State University

197067

> “\MZ'_\Y 12, 1997 : i 5 »“’ |AppnovED l‘_- AR

" Dean VonWald

c/o Dr. Rowena Santiago
California State*Univetsity
‘5500 University Parkway

: San Bernardmo, Cahforma 92407

: ,Dear Mr VonWald

‘"' been reviewed and approved by the Instrtunonal Review Board of Cahforma State Umversxtv,_ -
; San Bernardino.” .

’ Your applxcatxon to use human subjects in research, nde¢ “Use of a Computer Based -

Instructional program to Enhance Desert Studies Kit Concepts,” 'has been reviewed by the

Institutional Review Board (IRB). Your application has been approved Please notify the IRB
. if any substantive changes are. made in your research prospectus and/or any unanncrpated nsks_ -

to subjects: anse

Your mformed consent statement should conta.m a statement Lhat reads, “Thxs research has

It your project lasts longer than one year, you must reapply for approval at the end of each

. 'year. You are requrred to keep coples of the informed consent forms and data’ for at least
' three vears. . | ; :

" If you have anv' ques‘tlons regarding the IRB dec1sron',‘please coniact Lynn Donglass IRB
*Secretary. Ms. Douglass can be reached by phone at (909) 880-5027, by fax at (909) 880-

7028, or by email at ldouglas@wiley.csusb.edu. Please mclude your application 1dent1ﬁcauon
number (above) in all correspondence : :

o Best of luck with your.,research.‘

. Smcerelv

{ L‘ ‘</
vett -Chair

Instumonal Review Board

JL,Id : : ‘ ‘ ;
ce: Rowena Sanuago Suencc \[athemaucs :md chnnoloc\« Educauon e

" 15500 University Parkway. Sdn Bernardino: CA 924072397
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