PLACE IN RETURN BOX to remove this checkout from your record.
TO AVOID FINES retum on or before date due.

DATE DUE DATE DUE DATE DUE

MSU Is An Affirmative Action/Equal Opportunity Institution

Cicirc\datedus. pm3-p. 1




Evaluating the Efficacy of Computer Courseware
Designed to Support Concept Learning in College-Level Physiology

By

James Bolanle Obielodan

A Dissertation

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Counseling, Educational Psychology
and Special Education

1996




13 e
.,

e .
e o
o e
w3 s




ABSTRACT

EVALUATING THE EFFICACY OF COMPUTER COURSEWARE
DESIGNED TO SUPPORT CONCEPT LEARNING
IN COLLEGE-LEVEL PHYSIOLOGY
By

James Bolanle Obielodan

Claims of benefits of instructional uses of new technologies are often based on
anecdotal statements from faculty and students rather than on empirical and objectively
measured data secured by educational research methods. This study was conducted to:
(1) determine the effects of using computer courseware programs, designed to teach
college-level physiology concepts, on students’ learning achievements; (2) assess the level
of importance of courseware characteristics in promoting effective learning as perceived
by experts; (3) assess the extent to which the quality of courseware characteristics helped
in promoting effective learning as perceived by students and experts; and (4) construct a
framework for analyzing and evaluating computer-based multimedia courseware.

Exam grades for students in Physiology 431 course, offered at Michigan State
University during the Fall Semester of 1995, were collected and analyzed as a measure of
the effect of courseware programs on learning achievement. The students and two groups
of experts interacted with and evaluated the programs using evaluation instruments
constructed by the researcher. Data collected from the subjects were analyzed using

simple descriptive statistics, oneway analysis of variance (ANOVA), multidimensional
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scaling, and stepwise regression procedure. Their comments on the programs were
compiled, categorized, and analyzed.

The major findings of the study were: (1) students who used all three programs
significantly performed better than other students; however, gender and GPA were the
significant predictors of learning achievement; (2) only courseware 2, the program on
Control Systems, enhanced learning achievement. Interestingly, while the students rated
the courseware as least in quality, the experts rated it as best; (3) only students’ class
level and previous experience using courseware had a significant relationship to their
perceptions regarding the quality of courseware characteristics; (4) nearly all the students
liked the programs and expressed deep interest in using similar courseware in other
courses; (5) the experts rated “presenting complete, accurate, or current lesson content”
as the most important characteristic in promoting effective learning; (6) gender and age
were the demographic factors that differentiated the experts in their perceptions regarding
courseware characteristics; (7) while the experts were more stringent in rating the quality
of courseware characteristics, the students were more detailed as to the specific ways the
programs enhanced learning; and (8) while most of the students liked the way humor was
used in the programs, most of the experts did not.

In conclusion, “A Framework for Analyzing and Evaluating Computer-Based
Multimedia Courseware” was constructed based on the results and findings of the study

in light of established theoretical paradigms in educational psychology.



(ipir

lizes

5



Copyright by

James Bolanle Obielodan

1996



DEDICATION

To the praise and glory of God,
in whom I live and move and have my being,
the source of all wisdom,
the perfect evaluator of life,

and the ultimate and righteous judge of all.



ACKNOWLEDGMENTS

My special gratitude to Dr. Norman Bell, my advisor and the chairperson of my
doctoral committee, for his enduring patience, valuable suggestions, professional
assistance, and guidance at every step of my graduate studies and doctoral research. His
trust and confidence in me to strive for excellence has made this study possible, for which
I am deeply honored and grateful.

Special thanks to other members of my committee, Dr. Leighton Price, Dr. Timothy
Little, and Dr. Kent Creswell, for their support, advice, and helpful comments with the
dissertation from the proposal stage to the final version. I am especially grateful to Dr.
Leighton Price for his painstaking attention to details, incisive comments, and the
personal trips he made to my office to encourage and shepherd me through my data
analysis. I am deeply honored by his friendship and grateful for his mentoring.

Words are inadequate to express my sincere and profound gratitude to Dr. Thomas
Adams, Professor of Physiology at Michigan State University, for enthusiastically
allowing me to use his courseware programs and the Physiology 431 class for the study.
His support, encouragement, and invaluable suggestions in conducting the study provides
the model by which I may always measure my achievement as a scholar and my humanity
toward those who may seek my help and guidance. Thanks to him for all his help.

Special thanks to the students in the Physiology 431 class, during 1995 Fall semester
at Michigan State University, and the experts who participated in the study for their time

and support. They meant much to me than words can describe.

vi



[

. e

-

§..

R
[T
g




Special thanks to Dr. Paul Hunt, Vice Provost of Libraries, Computing and
Technology and to my friends, colleagues, and the management of the Computer
Laboratory at Michigan State University, in particular, Dr. Lewis Greenberg, Diana
D’ Angelo and, Robert Matson for their unqualified support, encouragement, and the
opportunities provided me at work, which, in many significant ways contributed to the
completion of this study.

Special thanks to Dr. Joshua Bagakas, Dr. Castelle G. Gentry, Dr. John Vinsonhaler,
Dr. Richard .McLeod, Dr. Joe Byer, Dr. Ralph Putnam, Dr. Marie Emery, Dr. Stephen
Yelon, Dr. Randy Fotiu, Dr. Richard Houang, Dr. Leroy Olson, Dr. Craig Philips, Dr.
Kristine Morrissey, Dr. Mary Garrett, Dr. Mark Moallemian,Tory Sawyer, Mary Perrin,
Lynn Anderson, Dr. Joachim Bayo Oludaja, Dr and Mrs. Usman Adamu, Dr. and Mrs.
Stephen Abraham, Drs. Oluwadare and Remi Aworuwa, Dr. and Mrs. Samuel Oleka, and
Dr. and Mrs. Olufemi Fatunmbi for their friendship and the many special ways in which
their support and interaction encouraged me every step of the dissertation process.

Thanks to Mr. David Bolig and Nancy Lucas, of Michigan State University Libraries,
for going beyond the call of duties to assist me in obtaining important resources for my
research.

Sincere thanks and gratitude to my special family friends — Dr. James and Susan
McGillicuddy, Mr. Larry and Barbara McMullen, Dr. and Mrs. Arthur Rupprecht, Mr.
John and Becky Lillyman, Mr. and Mrs. Jim Flickinger, Mr. Richard and Vangi
DeMaster, Dr. Robert and Nancy Brown, and late Mr. Ross Sams, Jr. — whose
friendship, love, kindness, moral support, and prayers have always brought me hope,

comfort, courage, and inspiration to succeed.

vii



Very special thanks go to my mother, Serah Obielodan, my brother, Joseph Obielodan,
and other relatives for their unwavering love and support for me over the years. My
success in life is in large measure due to their confidence in my abilities and capabilities,
their moral and prayer support, and their enduring patience with me in my quest for
“encyclopedic” knowledge. Most especially, special and deep thanks to my uncle and his
wife, Michael and Lydia Obielodan, who, out of very little resources, raised me through
my early years. Their unqualified love and support in sponsoring me from elementary
through secondary education laid the foundation for my academic achievements and
spiritual development. Thanks to them for being my hero and a model example of hard
work, sacrificial love, and spiritual integrity.

Finally, there are many other friends and individuals who, although it is impossible to
mentioned them individually, nonetheless, have inspired, encouraged, and supported me
along the way, some consciously, some never knowing. Thanks to them for their love and

kindness. God bless.

viii



9%
-

-



TABLE OF CONTENTS

LIST OF TABLES ........coociciiriiinenenniniesssisssssssesssesosssssssssssssssessssssssssssasssnsssses xii
LIST OF FIGURES .......ccoviintiiiininreecnsnnsenssssssssssssssssssssssssesssssssssssssssosssssssnsssses xvii
ABBREVIATIONS ........coviiiininrienentnnesiesssssssssssisesssssssssssssesssssnssssssssssssssnssssssnes Xviiii
CHAPTER I.....oeereeeertenecreenseneneenssesessesessessssesssssssssessessssssesasssesssssssssssssssssessas 1
INTRODUCTION .....ccoiiirirnnninnnesnnrenisssasnssmsnssssessssssssssssssesssssssassssssasasssessassssssasss 1
Statement of the Problem ..o 1
Purpose of the StUdY ......cccccevriininiinniennicnniensnseee e 4
Significance of the StuAY .......cccceerierenrnriiininiinn e 5
Research QUESLIONS ........cceeveeererrreerrneernesseeneeesseeseressnssseesseessssesseessessnesesasses 6
Assumptions Of the Study ........ccceccvvvnneniniinnncnnninn e 10
Theoretical Framework for the Study ...........coceeceiverincninneneninncnsnceessnnnnnne 13
Definition Of TEMMIS ......cccccvirerirennnnnninnnnnsenesssnssisessenssssnesssssssssscsssssssssssss 16

This Dissertation Plan ..........c.cccoceivinieninncninnnnninnnsnninsnesnneissssesnes 18
CHAPTER II ......oeeeereeerereneneeeseeesnsissesessessssesesssssssssssnsssssesssssesssssssssssssasssssssnss 20
REVIEW OF THE LITERATURE .......c.cccciinriiecrnnencnennnnenensessssssssssassssssssssssses 20
INtrOQUCLION .....coverieieninrcnirennisnsninnnsnesnsnsensnasessecsnssassssassssnssssnsssesssssnnses 20
Effective Teaching and Effective Learning ...........c.cceevreeverceereenersnsseesessncenes 20
Technology in Education ....... teeesreseesststeaesasennestentesssestetssrtestssrtorttes 22
Computers as Information Processing Systems ...........cocovvrveerverencee 22

Technological Horizons in Education ...........ccveecivnecenivenserescsnnnenaene 24

Academic Uses of Computer COUrSEWAre ..........ocoersursesessesssnsssaesens 28

Cognitive Information Processing Theory ..........ccecericrnnsrcnnsesnesnsnssesessenes 29
Information Processing COMPONENLS ........ccoveuerircrsnrncecsassessssesseenns 29

Gagné’s Theory of INStrUCHON ......cevevervnreverisnssssnsnssesessssesssnsacsasasanne 34

EVAIUBLION ...coveeriennininnnninnnsnsnssressnssnssssassesnssssssnsssssssssssssssssssssssssssssnssnssssasanss 43
Definition of Evaluation ............cccuvereseennsnsnsnsesnsessnenesesnsnscsssssssaeans 43

Function of Evaluation ............ceccereunnennennnnnnninnnncnesesesnsnsssssisnes 45

Evaluation Models and Approaches ............ceesnisssnsnsnscccnsesssasassenss 45

Computer Courseware Evaluation ............cceenvensesnnensscsanssssssnsacsnes 48
Multidimensional Scaling (MDS) Procedure ..........ccocevnnirnrnsesessnesesesseenns 51
CHAPTER III ...ocoviriinnininnnnnncsesnnssssssnssssssssassssassssssssssssassasssssssssssssssssssssssssssssnsssnass 55
RESEARCH DESIGN AND METHODOLOGY .....cccovusennnessusnsncssessasasasssnsasanss 55
Introduction . resesesassensesas e rsssas s sasnsasenssteRasaass S5
Subjects ........ resesnereesasaersasasasasaererssaansassasssasseaareraseses 56
INStIUMENLALION .....ccccceiririniininsinsnsiniisiississssissisiesssisnissssssssissssssssssassssssses 57
Questionnaire Distribution and Data Collection .........ccccccevveecrervererecrnesenenes 66

Data Analysis N 69
Analyzing Data Collected from the Student Group ..........cccccvvenneve 69

ix



Analyzing Data of Respondents in the Expert Rating Form

L€ 7.{0 111 TR 71
Analyzing Data of Respondents in the Expert Courseware
Evaluation GIOUD ......c.cccceivervenenecnncresessenessesassesssssassessessssssnens 74
SUMMATY ...ttt sreseesssressssessassssasssessessesesses 75
CHAPTER IV ....uiriiinnnninnisannissesssssssssssssssssissssssesssnsssssssssssssssssssssssasssssssssasssses 77
PRESENTATION AND ANALYSIS OF DATA FROM STUDENTS ............... 77
INtroduction .........ccvieenninissisennnicninensnsininsessiinens reersesssasensenees 77
Section One — Description of Students’ Demographics ..........ccecesueennrucnns 78
Section Two — The Effects of Computer Courseware on Students’
Learning AChi€VEMENL .........cccouveerrinerrrensennnsnsessnesssssessssnssssassnsssssssssassasasss 84
Research Question Al ...........c.ccvvervenerccrenennersesseesscnsssssansesssosssneseas 84
Research QUeStion A2 ...........cccceeverrenenrenuenersensesnssessesnesssseesessasaenees 86
Section Three — Students’ Perceptions Concerning Quality of
Computer COUISEWATE .........ccccerrereecresaesnesassnsosasssssssssassasossossssssasssssasnses 88
Research Question Bl .........c.cooiviiiiiiniinicneneciececseesseeseesnessessnenne 89
Research Question B2 ........ccccoviviniicincnicceececseeceeneeceesesseessesseenne 91
Research Question B3 ..........cccovvieineneneeneennnenenennecesnesscssessessenens 103
SUMMATY ....covvivirniiinnninnennninnnnieoienisssnnsesssesessssessssssssssnssassssssssassssssonsensnes 124
CHAPTER V ...ecererereerenesnnssessnsssesesessssssesssssssesssssssessssssssessssssessssssssesessssssenes 126
PRESENTATION AND ANALYSIS OF DATA FROM EXPERTS ................... 126
INtroduction ........cccceceieunnsesennsennsnsanssessensssssssssassssssnsass .. 126
Section One — Description of Experts’ Demographics . 126

Section Two — Perceptions of Respondents in the Expert Rating Form
Group Regarding the Level of Importance of the Characterisitcs of

Computer Courseware in Promoting Effective Learning ............ccoeeevrvennnee. 133
Research Question C1 rresesetesaesrsetesansrnetesaseraesaseressnsentenes 134
Research QUeStion C2 .........ccceeevrereeveereerenessessecsensessesaessessensessesenes 154
Research Question C3 ..........ccceereveernernnnenrenseereereeneenesaesassasens 158

Section Three — Perceptions of Respondents in the Expert Courseware
Evaluation Group Regarding the Quality of Computer Courseware

in promoting effective leaming ............cococeevincrerinesssncssninensssnssnsssssasasannes 160

Research Question D1 rresesesneneenesnesaesaenenerseraersenterasaaenten 162

Research Question D2 ......... reeseeeeesnesnsessesasensenseasasnses 164

Research Question D3 teererenestenssesassresansaasassanesnasarsrases 179

SUMMATY .ovvvriinininsnsnsnssssnnssisnisiiimmsssssssssisssssssssssssssssssss 188

CHAPTER VI ....oiecerectnnneenenrensessisssssesssssssssssssssessssssssesssssssnssssssssssssssesssssssssnens 189
SUMMARY, DISCUSSION, CONCLUSIONS AND

RECOMMENDATIONS reteresee et eae et et aeas st et et e s e e sebese s e e st easasaene e terasans 189

Summary of the StUdY ........cccevinivrnnnininniniisniesssnenns 190

Findings and DiSCUSSIONS .........ccecererrererensensarerensessesassesassesessesassassssassesassnssens 193

Limitations of the StUdY ........cccocerrerrnenenncnrsennsncnssensseessencsnssesnssassessenens 219

Conclusions and IMPliCAtIONS ..........ccccvveeerrenerrerresenresersessssesessesessesessessessesens 221



ReCOMMENAALIONS ........coceeveervereereirriricrenienieesseaesreeesseessesssssessassesseessessessenee
A Framework for Analyzing and Evaluating Computer-Based
Multimedia COUSEWATE ...........ccceeveerrnereeraeensrereessnesseesanesaesssseseesneses

APPENDIX A

Computer Courseware Evaluation FOrm ..........cccceeveiverecernenecnecnnsnnsesncssnenee
APPENDIX B

Computer Courseware Evaluation Checklist Rating Form ...........cccccceuunee.
APPENDIX C

Computer Courseware Evaluation Checklist Form ...........ccccovvvnninicnncnnnen.
APPENDIX D

Letter requesting Dr. Thomas Adams’ permission to conduct the study

using his courseware programs and Physiology 431 class ............ccccceveeurne.
APPENDIX E

Letter requesting students in the Physiology 431 class to participate in

the STUAY ..cvccviniiriiininiinnnnnisnnnisnsnsnssnssnnssssnsassssssassssssssssnsssssssssssssssssssesssssssess
APPENDIX F

Letter, email or phone messages to experts requesting them to participate

N the STUAY ...c.coveirrciciiciiirnineernscsrensssessesessssnessssessssssssessssssassassnssesssssesassasaese
APPENDIX G

Cover letters that accompanied the evaluation instruments for the

EXPETLS .ucurerercrunrnensaesisssnssssssessssssasssssssssessessssssssssesassassssssssssssssssnssssassssssassasns
APPENDIX H

Follow up messages to the EXPerts ...........cccceerereerenrerenenressesersesarsnssessessens
APPENDIX 1

MDS coordinates of the experts’ perceptions regarding the level of

importance of the characteristics of computer courseware in promoting

effective IEamING ..........ccoverinnecrnnesnrnnninsnsesssssnsssssssnsssssssssssssssnsasssssassssssenes

LIST OF REFERENCES ...........criiriininininnninnnniinsisiesnisisisisssessessasssssasasess



LIST OF TABLES

Table 2-1: Events of instruction and their relation to processes of learning.....

Table 3-1: Cronbach’s alpha reliability coefficient of the items on the
Computer Courseware Evaluation Form...........cccecevevnvusnscscensencnnns

Table 3-2: Cronbach’s alpha reliability coefficient of the items on the
Computer Courseware Evaluation Checklist Rating Form..............

Table 4-1: The distribution of the student respondents by use of
courseware and participation in research questionnaire..................

Table 4-2: The distribution of students who used courseware programs
but did not participate in research questionnaire by
COUrSEWare Programs USEd..........ccoveerercarereeseeseassessassneesnecnessasssesnans

Table 4-3: The distribution of the student respondents by use of
courseware and participation in responding to research
QUESHIONNAITE. .....coveererrerrereessesaerarsassesnessnsnesnessesseraessesassserasssesaesasnssses

Table 4-4: The distribution of the student respondents by academic
discipline and gender...........ccccceveurrenccvsunnes ceesssesasenssssasasssssessanes

Table 4-5: The distribution of the student respondents by GPA ....................

Table 4-6: Number and percentage of the student respondents with
previous experience using computer productivity tools.................

Table 4-7: The distribution of the student respondents by total credits
eamned at MSU.........coviiiinvenenernnnnnnnssesssnsssnssensssessesssssssssssasasessasns

Table 4-8: One way analysis of variance (ANOVA) results of differences in
learning achievements (as measured by adjusted raw scores)
among students who used and those who did not use the

Table 4-9: Regression results for the prediction of adjusted raw scores
(learning achievements) by the students demographlc
characteristics....... sttt bbb s s R b sas e a Rt ns

Table 4-10: Means, standard deviations, and ranks of the students’
perceptions regarding the quality of the characteristics of
sections of the courseware programs under study ..........cocccereereenne

Xii






Table 4-11:

Table 4-12:

Table 4-13:

Table 4-14:

Table 4-15:

Table 4-16:

Table 4-17:

Table 5-1:

Table 5-2:

Table 5-3:

Analysis of variance results of the student respondents’
perceptions of the quality of characteristics of the courseware
sections/composites in helping them to better learn Physiology
431 concepts by class level..........oviiinciiicneninnincnncnininnens

Analysis of variance results of the student respondents’
perceptions of the quality of characteristics of the courseware
sections/composites in helping them to better learn Physiology
431 concepts by previous experience with computers using
COUTSEWATE......cureresssesrerssesessssssanssssssessassessssestssssssesssssassssssssssssssesess

Analysis of variance results of the student respondents’
perceptions of the quality of characteristics of the courseware
sections/composites in helping them to better learn Physiology
431 concepts by BENder..........ccoviriminnininrininininninisnieseneeans

Analysis of variance results of the student respondents’
perceptions of the quality of characteristics of the courseware
sections/composites in helping them to better learn Physiology
431 concepts by academic discipline...........oceceeeiresrsnsrcserscsnsensennns

Analysis of variance results of the student respondents’
perceptions of the quality of characteristics of the courseware
sections/composites in helping them to better learn Physiology
431 concepts by previous experience with computer

Analysis of variance results of the student respondents’
perceptions of the quality of characteristics of the courseware
sections/composites in helping them to better learn Physiology
431 concepts by computer OWNErship........ccceerecunacsnenscsasasensasaens

Regression results of student respondents’ perceptions regarding
the quality of the characteristics of the courseware programs
under study in promoting effective learning..........ccccecereensararseseerenes

The distribution of respondents in the Expert Rating Form
Group by range of teaching experience in years

The distribution of respondents in the Experts Rating Form
Group by previous experience using computers as productivity
tools teesessasssaesatsnesanerttb s atsaae e s aesabeeRs s as b e s bee b esRsesRT RO Oes

The distribution of respondents in the Expert Courseware
Evaluation Group by range of teaching experience in years............

Xiii

94

95

96

97

98

99



Table 5-4:

Table 5-5:

Table 5-6:

Table 5-7:

Table 5-8:

Table 5-9:

Table 5-10:

Table 5-11:

Table 5-12:

Table 5-13:

The distribution of respondents in the Expert Evaluation Group
by previous experience using computers as productivity tools......

Means, standard deviations, and ranks of the importance of
characteristics of computer courseware that engender effective

Means, standard deviations, and ranks of characteristics of
COMPULET COUrSEWATIE SECLIONS.....ccccererreerrsrrsessasessesnnsassassassassnssessnos

Analysis of variance results of perception of respondents in the
Expert Rating Form Group regarding the level of importance of
the characteristics of composite sections of computer courseware

Analysis of variance results of perception of respondents in the
Expert Rating Form Group regarding the level of importance of
the characteristics of composite sections of computer courseware
that can produce effective learning by age in years.........ccccccceueuene.

Regression results of the perceptions of respondents in the
Expert Rating Form Group regarding the level of importance of
the characteristics of courseware in promoting effective learning...

Means, standard deviations, and ranks of experts’ perceptions
regarding the quality of the characteristics of sections of the
courseware programs under Study..........cccccerreerecreeseesnerenssneesseseesanes

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by Bender.........cceuerrervacrarnnnsncsanesensnnsnssnsesnessessassassans

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
43] conCepts) bY AE....c.ccvecrerecrrrcensensensensensessnssnssnsssssessnssssnsssssanesees

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by faculty with expertise in courseware
development...........ccccvieiiininrnninninnnncnnesnenssssssncsnssisssssnsssssssssesees

132

136

140

156

157

158

166



. e
v o
ra - -
2 3
B K
e T !
L
e
vt




Table 5-14:

Table 5-15:

Table 5-16:

Table 5-17:

Table S-18:

Table 5-19:

Table 5-20

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by staff with expertise in courseware
development... . reereeseesresteaesnestesneteseasnsssesaseraesnosaen

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by expertise in content area.............coceereeereeresnenens

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by teaching experience in years..........c.cocevceurrcresunnens

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by approximate number of courseware programs
developed.........uiiiciiiitn s

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by previous experience using computer
courseware and multimedia programs...........ccceeereenecerrenereeressesaeees

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by previous experience with computer

PrOGIAIMITING.......coererererersasarssssarsasersasesersssssasrssssseressasssssssssessssasesss

Analysis of variance results of the perceptions of respondents in
the Expert Courseware Evaluation Group regarding the quality of
the characteristics of the courseware sections/composites in
helping them to effectively learn the lesson material (Physiology
431 concepts) by previous experience assembling computers........

XV



Table 5-21

Regression results of the perceptions of respondents in the
Expert Courseware Evaluation Group regarding the quality of the
characteristics of the courseware programs under study in
promoting effective learning ............cccvvevereereerrcererecnnenssnsesesessesenns



Figure 4-1

Figure 5-1

Figure 5-2

Figure 5-3

Figure 5-3(a)

Figure 5-3(b)

Figure 5-3(c)

Figure 5-3(d)

Figure 5-3(e)

Figure 5-3(f)

LIST OF FIGURES

The distribution of the student respondents by class level .... 82

The distribution of respondents in the Expert Rating Form
Group by approximate number of courseware programs
developed ......occcereenricricninnnnnrennecnnineseee e esnessassasssssssene 128

The distribution of respondents in the Expert Courseware
Evaluation Group by approximate number of courseware
programs developed ........ccocociinnnnninninnncnnnns 131

MDS of perceptions of the respondents in the Expert Rating

Form Group regarding the level of important of the

characteristics of computer courseware in promoting

effective learning. [Variable view of all the characteristics] ..... 141

Enlarged view of the upper region of the three-dimensional
plot of the variables ..........cccceueeeeeeuenunne cossesesnenees 145

Enlarged view of the upper right region of the three-
dimensional plot of the variables ...........cc.cccvverrererenienennnrennens 147

Enlarged view of the lower right region of the three-
dimensional plot of the variables ...........ccocorvvvreresnensssesesereensas 148

Enlarged view of the lower region of the three-dimensional
plot of the variables ..........cccecceverrennnrenrisenrennnnennesassessesasenssenes 149

Enlarged view of the lower left region of the three-
dimensional plot of the variables ...........ccccecerrerrvenrernececrerreennne 151

Enlarged view of the upper left region of the three-
dimensional plot of the variables ...........coererrsersesesnsesssesesssesses 152

xvii



AbDS




Abbreviations used in three-dimensional plots of the perceptions of respondents
in the Expert Rating Form Group regarding the level of importance of
the courseware characteristics in promoting effective learning.

Variables
CCSCRNL
CCSCRNE
CMENU
CGRAPH
CEPBEHA

CLOGORG
CICHUNK

CINTERA
CNAVIGT
CHELP
CAPNOVP
CGASITU
CSSCRNL
CLGFACT
CERSKIL

CNISIMP
CLBWREV

CAPCONC
CAPPSIM
CERSREV
CNIACCU
COBJCON
CLGSKIL
CUSEHOW

CCLAOBJ
CISTRAT

Characteristics

Consistency of the screen layout and elements (graphics, color, button,
text, etc.

Coherence among screen elements or components (background,
foreground, pages, navigational tools, etc.)

The use of MENU to access information

The use of graphics in enhancing learning of the course materials
Provides opportunity for the learner to practice making choices related
to the attitude learned

The logical organization of lesson content

The amount (chunk) of information presented on each screen or in each
lesson unit

The level or degree of interactivity the learner has with the lesson
materials (opportunity for the learner to participate)

The use of courseware navigational tools (buttons, hotwords, etc.)
The use of HELP function to get context sensitive information

Tests the learner on solving a variety of novel or unique problems
Introduction focuses learner attention on the learning situation or context
Simplicity of the screen layout and elements (graphics, color, button,
etc.)

Provides instruction to guide the learner in linking simple to more
complex lesson content

Provides additional opportunities for the learner to practice the skills
learned

Presents information in simple and concise statements

Review of relevant content (prerequisite skills) at the beginning of the
lesson

Tests the learner on applying concepts and rules to new situations or
examples

Tests the learner on making choice of action in a real or simulated
situation

The use of spaced reviews including a variety of examples throughout
the lesson

Presents complete, accurate, or current lesson materials

Match between courseware objectives and lesson content

Requires the learner to practice the skills learned and provides feedback
on the learner’s performance

Directions on how to use the courseware

Statement of objectives

The use of instructional strategies (e.g., hints, examples, illustrations,

xviii
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CTESTOB
CFEEDBK
CGATASK
CILCONC

CILFACT
CILPROB

CNIVARY
CEPPROB

CPFFACT
CPFCONC
CPFPROB
CREVCON
CREVQUE
CLCONTR
CSRCONC
CNISKIL
CPFCONS
CLGCONC
CSRFACT
CSRSKIL

CINTAUD
CPFSKIL

.CEPSKIL

CSRESUB

CLGPROB

CAPSKIL
CNIBEHA

analogies, flowcharts, outlines)

Match between performance tests and lesson objectives

Feedback to students responses

Introduction focuses learner attention on the tasks and skills to be
learned

Describes and demonstrates concepts, principles, and procedures to be
learned

States what the learner will be able to say or do after the lesson
Clarifies the general nature of problem solutions expected from the
learner

Presents varied examples of concepts and rules or principles

Provides a variety of opportunities for the learner to practice or use
cognitive strategies learned

Confirms the correctness of learner’s response to question about
statements of facts

Confirms the correctness of learner’s use or application of concepts and
rules

Confirms the correctness of learner’s solution to problems presented
Review of the main concepts and principles at the end of the lesson
Review questions to clarify the lesson content

Learner control over the rate of information presentation

Stimulates recall of prerequisite concepts and principles or rules
Presents instruction on and demonstrates proper steps required for the
motor skill performance desired

Shows direct consequences of personal actions taken or decisions made
by the learner

Provides instruction to guide the learner in following the proper
sequence of steps to master the lesson content

Stimulates recall of relevant facts and context that will make the learning
tasks or processes meaningful

Stimulates recall of skills, situations and actions that will be involved in
the learner making personal choices or decisions

Identification of intended audience

Provides feedback on the degree of accuracy and timing of the learner’s
performance of skills

Provides opportunity for the learner to practice performing all physical
skills or tasks taught in the lesson

Stimulates recall of subskills (part skills) and the process of integrating
subskills (executive subroutine) neccesary to learn the performance of
the total motor skills desired

Provides prompts and hints to help the learner find novel solution to
stated problem

Tests the learner on using all physical skills taught in the lesson
Presents information to be learned about desired behaviors or attitudes
by modeling or illustrating actions and consequences related to the
behaviors or attitudes

Xix
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CRCCONT Statement or demonstration of the courseware relevance to the learner

CLGBEHA Describes or demonstrates the desired behavior or attitude by
simulating, modeling, or illustrating actions and consequences related to
the behavior or attitude

CSRBEHA  Stimulates recall of skills, by modeling or illustration, that the learner can
imitate in learning new behaviors or attitudes

CILSKIL Demonstrates performance of motor (physical) skills expected of the
learner

CLEVDIF  The level of difficulty of lesson materials for the intended audience

CILBEHA Provides example of the kind of behavior or attitude (action choice)
expected of the learner

CNICOGS  Describes and shows the use of mental strategies or procedures to solve
problems (e.g., strategy of asking proper questions; a strategy to “work
the problem in steps backward from the goal™)

CPFORIG  Confirms originality of learner’s solution to problems presented

CCOMPLX The complexity of lesson structure for the intended audience

CEPCONC  Asks the learner to apply concepts and rules to instances not previously
encountered in the lesson

CCERROR The ease of correcting errors (e.g., typing errors)

CVISUAL  General visual appeal of the overall screen design

CBSCRNL Balance in the screen layout and elements (graphics, color, button, text,
etc.)

CSEFECT  The use of special effects (text animation, highlighting, transition effects,
etc.)

CTXTCOL The use of color to enhance the readability of text

CHLINKS  The use of branching or hyperlinks

CTABCON The use of INDEX or TABLE OF CONTENT to access information

CGLOSSA  The availability of GLOSSARY to provide meaning of terms or
additional information

CTXTSIZ  The use of text sizes to enhance the readability of text

CTXTSTY The use of text styles to enhance the readability of text

. CICONS The use of icons to communicate meaning or expected action

CANIMAT The use of animations in enhancing learning of the course materials

CVIDEO The use of video in enhancing learning of the course materials

CAUDIO  The use of audio in enhancing learning of the course materials

CNIPROB  Presents novel problems for the learner to solve )

CEPFACT  Asks the learner for information in his/her own words

CAPFACT  Tests the learner on restating lesson information in his or her own words

Note: Wherever the first letter C of an abbreviation is followed by 1, 2, or 3, the
abbreviation signifies a component characteristic of courseware 1, courseware 2, or
courseware 3 respectively.



RN

-e sac At
JEIT

WIDLRII

N .._.,r_
" W Wi

."'\'\‘eay.

M

]

e
Wt “ame

w8 rg

T
J,e:;~,. e

iy Yy

2

o~

£
0 CQ":

Wy

U

hoe




CHAPTERI1

INTRODUCTION

Statement of the Problem

The jury is still out among researchers and experts on the characteristics and objective
measures of successful computer courseware. For the purpose of this study, successful
computer courseware refers to any computer-based educational material (computer-based
or computer-assisted instructional program with or without interactive audiovisual media
components) that produces specified educational outcomes including learning motivation,
learning achievement, and transfer of knowledge skills in effective and efficient ways.

Although the emerging technologies have been much heralded for their sophisticated
capabilities to provide effective instruction (Bosco, 1986; Cronin & Cronin, 1992;
DeBloois, 1988; Fletcher, 1990; Gayeski & Williams, 1985; Gold, 1989; Kalowski, 1987;
Kearsley & Frost, 1985; McNeil and Nelson, 1991; Smith, 1987), claims of benefits from
academic uses of new technologies are often based on anecdotal statements from faculty
and students rather than on evaluation data secured by educational research methods
(Boettcher, 1993). The lack of empirical, or objectively measured data, on the success, or
efficacy, of computer courseware has generated a number of important issues and
questions concerning the need for and viability of academic uses of computer-related
technology systems (Hannafin, 1985; Boettcher, 1993). For instance, educational

psychologists are concerned about the kinds of knowledge and knowledge representations



e mam e

U SVTASY

ZINAS

Cesemad o)
Sl

Lt amane
AT



2

for which emerging technologies are most suitable. A closely related issue is the concern
about the kinds of learning processes that emerging technologies best facilitate. There is
also concern about the extent to which computer courseware incorporates research
findings on instructional and learning theories about effective instruction and effective
learning. Educators want to know how students learn from computer-based educational
materials. They also want to know the cognitive effects that emerging technologies have
on both students and faculty. Courseware developers are interested in knowing the
factors that influence the effective and efficient utilization of the full instructional
potentials of emerging technologies. Educational researchers and psychometricians are
concerned about how to authentically measure or assess students' learning and
achievement from using computer courseware. And administrators, publishers, and even
students, are interested in knowing the worth of computer courseware.

The lack of empirical data on the effects of technology on learning was clearly noted in
the Joe Wyatt project (Boettcher, 1993), the most seminal work to-date on the benefits of
the use of information technology. As Boettcher (1993, p. 32), the Committee Chair of
the Joe Wyatt project, stated:

The committee accepted a wide range of type of data—including anecdotal
statements from faculty and students—as evidence of benefit. The criteria for
documenting the success of the story were straightforward, but not rigorous,
despite a strong research orientation by the committee. Many of the projects

measured student and faculty attitudes toward the use of the computer, rather
than examining quantitative and qualitative measures of the effect of technology on

learning.
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The paucity of traditional research-based data on the effectiveness of new information
technologies may be attributed to the difficulty in applying "traditional requirements of
educational research" to the instructional uses of the new technologies. The difficulty lies
basically in the inappropriateness of traditional research methods as a means of securing
data on the usefulness of information technology to provide effective instruction. In the
words of (Boettcher, 1993):

... prominent research measures in use for most of the past fifty years reflected,
and appropriately so, the characteristics of a curriculum and its associated
teaching and learning resources. The characteristics of these new teaching and
learning strategies and resources are different from those available in the past.
The new resources provide much richer environments; they engage students much
more interactively; the outcomes are less rigid and often can be only generally
anticipated. The new learning tools, such as computer-assisted design tools and
exploratory data analysis, and the new stimulated multimedia environments
encourage and enable students to become actively engaged with interdisciplinary
concepts, content, and relationships. The new learning tools require decision
making and problem solving and, often, the actual production of designs and
products.

Evaluation measures have often focused on testing students' knowledge of
factual dates, times, and places, as well as static concepts and situations. Instead,
we need to be testing students' understanding of relationships, links, dynamic
processes, and strategies.

Once information technology transforms a course from a lecture class to a
laboratory class and revises objectives, strategies, and content, then applying
traditional evaluation methods becomes difficult. New and more powerful
research design strategies and evaluative measures are needed to identify and
capture data on the generative, interactive environments and on the generative
constructionist learning that we believe is occurring.

Boettcher's assertions, in the Joe Wyatt project report, clearly present four issues of
interest for further research on the academic uses of computer-related technology. The

first issue is to determine the kind of educational goals that faculty seek to achieve in

developing and/or using computer courseware. The second issue is to determine what the
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effects of computer courseware are on teaching and learning processes. The effects may
be specified or incidental, they may be enhanced knowledge and comprehension skills,
they may be generative or high order cognitive skills (e.g., application, analysis, synthesis,
and evaluation), and they may be quantifiable or may only be described. The third issue is
to establish how the efficacy, or benefits, of computer courseware on teaching and
learning processes can be measured. A closely related issue is concerned with the validity
and reliability of the measures of effects obtained. The fourth issue is to determine the
characteristics of successful computer courseware. This study is concerned about all but

the first issue.

Purpose of the Study
This study was conducted to investigate factors and assess characteristics that

determine the success or efficacy of computer courseware designed to support students’
learning of college-level physiology concepts. The study serves four purposes. The first
purpose was to determine the effects of using computer courseware programs designed to
teach college-level physiology concepts on students’ learning achievement. The second
purpose was to assess the level of importance of computer courseware characteristics in
promoting effective learning as perceived by experts. The third purpose was to assess
the impact of the quality of computer courseware characteristics in promoting effective
learning as perceived by both students and experts. The fourth purpose was to construct

an evaluation framework that courseware developers, instructional designers, researchers,
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project managers, curriculum designers, educators, administrators, program evaluators,
and manufacturers of software programs can use to analyze and assess computer

courseware programs for the characteristics of instructional quality or efficacy.

Significance of the Study

The study makes a fundamental assumption that the success, or efficacy, of computer-
based educational materials depends in large part on the application of instructional and
learning theories to the development of computer courseware. Yet, many courseware
programs produced and used today for classroom instruction, including college-level
academic instruction, are developed based on intuitive hunches rather than on
systematically documented, research-based instructional and learning theories. It must be
underscored, of course, that in most cases the hunches come from many years of valuable
classroom teaching experiences. The challenge posed by academic uses of non-theory
based courseware programs is to understand the level of success of such programs, as well
as the factors and characteristics that make them successful in promoting effective
learning. One major importance of this study, therefore, is in constructing a framework
for developing and evaluating successful courseware programs from the findings of the
study. The framework will serve as a guide for courseware developers to ensure that their
courseware programs fully incorporate research-based findings on the characteristics of
effective instruction. It will also serve as a checklist for educators and anyone else

concerned about selecting sound, quality courseware.
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This study extends the work accomplished on effective teaching in the classroom
setting to the electronic teaching and learning environments which offer capabilities to
teach and learn in ways not possible through conventional teaching (Boettcher, 1993, pp.
32-33). Like research on effective teaching in the classroom, this study was also
concerned with the characteristics of effective instruction. However, the scope of this
study went beyond research on effective instruction per se. In addition to assessing
instructional activities and presentation of intellectual skills, which constitute the primary
focus of research on effective teaching in the classroom, this study sought also to examine
how unique pedagogical content and strategies are represented in computer courseware
programs to promote effective learning. Anoth<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>