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Abstract: The effects of use and non-use of a particular electronic formative evalua-

tion tool, the Program Evaluation Analysis Computer (PEAC) system on the cognitive,
affective and evaluative aspects of college students' perception of an educational
television (ETV) program emphasizing cognitive learning were investigated. A
specific real-time evaluation question was used for Study 1 and a more global
question for Study 2. Scores for theshort answer test assessing content recall in Study

2 increased from pretest to posttest for non-users and decreased for users, suggest-

ing that PEAC usage hindered recall involving comprehension. No other PEAC
effects were found. The results suggest that while electronic evaluation techniques
may be well suited for evaluations involving affective aspects of ETV programs, they
may not provide useful evaluation information when objectives emphasize cogni-
tive change, and may actually interfere with some types of learning. Formative
evaluation factors Influencing categories of learning are discussed.

Resume: lei, nous avons etudle les effets qu'ont 1'utllisation et la non-utilisation d'un
outil d'evaluatlon formative specifique, le systeme devaluation de programme
«PEAC», sur les aspects cognitifs, affectifs et evaluatifs de la perception qu'ont les
etudiantsde niveau collegial du programmede television educative«ETV» qul porte

sur I'apprentlssage cognitlf. Une guestion specifique en temps reel a et6 utllisee
dans l'etude No.l et une question plus globale dans I'etude No. 2. Dans I'etude
No.2, les scores obtenus, en reponse aux questions a reponses breves portant sur

1'evaluatlon du contenu retenu, ont augmentedu pretest au post-test pour les non-
utilisateurs mals diminue pour les utilisateurs. Ce resultat laisse supposer que
l'utllisation du PEAC est un obstacle a la retention qui demande une
comprehension. Aucun autre effet reli6 au PEAC n'a ete releve. Les resultats
suggerent que, blen que les techniques d'evaluatlon informatisees peuvent etre
parfaitement utiles dans revaluation des program mes ETV com portant des aspects

affectifs, elles ne peuvent peut-etre pas donner une evaluation valable quand les
objectifs mettent en valeur lechangement cognitif, Elles pourraient memeentraver
certaines formes d'apprentissage. Les facteurs devaluation formative pouvant

influencer les genres d'apprentissage y sont egalement trait6s.

In the field of educational technology, the breadth and potential sophigtica-
tion of media applications has dramatically increased the need for formative
evaluation of educational and training processes and products. A number of
works have deved into the history (Cambre, 1981), methods (Weston, 1986),
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definitions (Scriven, 1967; Dick, 1980; Gooler, 1980) and tools (Millard, 1992) of
formative evaluation. While this literature provides a solid descriptive and
methodologica foundation for classc implementation of formative evaluation,
dramatic changes in instructional design have necessitated the conscious re-
examination of the evaluation process. For example, front end analytic ap-
proaches such as performance and needs andyses have expanded the purview of
educational technology to include all aspects of the target sysem, not just the
student and content (Rosenberg, 1990). Techniquesand toolsasdiverse asrapid
prototyping and small format video are bringing designers, developers and end
users closer and closer together, necessitating the evaluation of the entire
learning system (Daningburg & Schmid, 1988). Alongsidethesesystems, power-
ful, eectronically-based design and eval uation i nstruments havebeen devel oped
which are fundamentally changing how we conceptualize and develop learning
products and engineer their use.

The purpose of the present studies was to focus on these new dectronic
evaluationtools, and examinetheir utility in mediadevel opment. Measurement
tools such as computer-based, on-line audience response systems are now a
standard part of educational televison production. These eectronic sysems
provide designers and researchers with virtually instant acocess to viewer reac-
tions to the content being presented, and are demonstrably powerful inyielding
accurate, affective information on viewer preferences (Baggdey, 1982). These
tools have encountered remarkable success a providing information with face
and content validity (i.e., samplesfrom thetarget population tell us exactly what
they think moment by moment, and revisions are made accordingly). However,
the value and effect of these tools in terms of empirical or construct validity are
more difficult to ascertain, and virtually no empirical research has addressed
these issues. Of genera concern isthe extent to which thesetools, by their very
presence, alter the phenomenonthey aremeasuring. Thevalidity of their output,
as utilized in the instructional design process, thus warrants scrutiny.

Electronic Measurement Methodol ogies

In order to understand the potential role of € ectronic measurement toolsin
instructional design, it is first necessary to describe them. Typicdly, these
systems electronically gather second-by-second reactions from individual view-
ersto singleevaluation questionssuch as"How interesting isthe program?’ The
data, stored in hand-held unitswhich resemble small pocket calculators, consst
of reactionsfrom oneto many viewerseva uatingsimultaneously. Thesedataare
dumped into acentral microcomputer, aggregated and aigned with each moment
of the program. The output, including the superimposition of rea-time viewer
responses over an entire program or segment, isspecialy designed for meaning-
ful inputto program production decisions(Nickerson, 1979). Fine-grainanayses
are possible, with visual representations of viewer involvement and/or enjoyment
directly linked to program dynamics (e.g., specific script lines, appearances of a
given personality, sceneor format change). By capturing an aspect of theviewer's
immediatereaction, thesesysemsallow for remarkable precisonin quality and
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degreeof evaluativedetail. Their key strength isthat viewer reactionsaretime-
locked to the programming which evoked those reections. Bagga ey (1982) notes,
" Audience reaction can shift and change from one moment to the next, and overall
reactions to a programme can be due to an isolated moment within it which even
itsproducer cannot predict” (p. 70). These sysems overcomethe obtrusiveness
ofinserted oral or written questions (which requireactua pausesintheprogram)
and the lack of specificity inherent in areliance on post-presentation questions.

A prime example of this type of eectronic evaluation tool is the Program
Eva uation AnalyssComputer (PEAC) sysem. Wesdected thePEAC systemas
arepresentative tool for these studies because it hasbeen used in awidevariety
of TV-based projects (Corporation for Public Broadcasting [CPB], 1981; Radio-
Quebec, 1985, 1984; Baggaley, 1982) and because it is Similar to other popular
dectronictechniques. (SeeMillard, 1992, for acompletedescription of suchtools)
Whilethe PEAC system hasbeen used morefor formativeeva uation of commer-
cid productions than for educationa materias, the growing trend to more
sophigticated tools makes the use of systems such as the PEAC more and more
dedrable. By examining the effects of a prototypic sysem, some generd
principles might emerge regarding formative evaluation.

Electronic Evaluation and Learning System Design

Automated evaluative tools such as the PEAC sysem have proven useful in
assesing affective variables such as viewers interest, podtive (or negative)
reaction, recognition and/or empathy for actors/products, and <o on (eg., CPB,
1981). However, instructional designers and teachers are also concerned, if not
preoccupied, with cognitive objectives (Clark, 1992; Daningburg& Schmid, 1988;
Romiszowski, 1981). Theuseof audi enceresponse systemswithin an educational
context raises two related questions. Firgt, doestheir current use in assessing
affective variables interfere with or distract designers from the assessment of
equally or moreimportant objectives, such as cognitive ones? Second, can these
tools a0 be used to enhance the effectiveness and/or efficiency of the develop-
ment processfor cognitivecontent? Theissueof whether e ectronicmeasurement
usage affects viewers cognitive processing is important because formative
evauators who use continuous opinion measures during viewing tend to ask
comprehension quegtions after viewing. The evaluators usually assume a
negligible interference effect (Millard, 1992). We know of no empirical research
which has studied the possible obtrusiveness or interference of electronic evalu-
ation techniqueswiththecognitiveprocessesinvolved in learning. (SeeBaggdey,
1987, for areview of various continuous response factors.)

Evaluation Process and Instructional Product

In addition to examining evaluation factors within the educational produc-
tion system, genera variables which have someinfluence over the final audience
response need to be highlighted. Daningburg and Schmid (1988) examined the
interaction of three general components of the eval uation process of educational
tools the producer; the teacher and the learner; and the effect of thisinteraction
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on the instructional product. Within their modd, five factors were identified
which ssem to play an important role in learning effects. assessment objectives,
individual differences; content familiarity; mathemagenicactivities, and attitude
and motivation. Each of these variables merits a brief comment on the context
of its relation to the eva uation process.

Although the sine qua non of assessment objectives is that they should
evaduate what they claimto eva uate, € ectronic techniques may not achievethis
essentid standard. Empirical demonstrationswhi ch establish thevalidity of tool
usage on various types of objectives are essentia. The second factor, individual
differences, has long been recognized as a key determinant in the success of
instruction (Bracht, 1970; Bracht & Glass, 1968; Cronbach & Snow, 1977; Show,
1978). Notwithstanding the diminished role of Aptitude by Treatment Interac-
tion (ATI) research in educationa circles (McCain, Short & Stewin, 1991),
individual differences must be taken into account in evauating a medium
increasingly targeting specific, well-defined populations and segments thereof.
Third, content familiarity is a well-recognized cornerstone of the instructiona
design process, requiring sharp focus on learners prior knowledge and ability.
Unfortunately, familiarity is complicated by both interest level and presentation
format of content (eg., boring or fascinating; easy or difficult). The fourth factor
conggs of mathemagenic activities, or those student behaviorsrelevant to the
achievement of instructional objectives in specified situations or places.
Rothkopfs early work (1966; 1970) is till relevant today: he argued that by
drawing attention to certain agpects of instructiona content, questions asked
prior to, during, or after alesson differentially shapethe student's processing and
learning. Finaly, attitudeand motivation have an impact on learners attention
and effortinlearning. Programs must haveaffective godsand criteriato measure
them because it is difficult for any but the most highly trained professond
evauator to separate a cognitive regponse to a given event (or instruction, etc.)
from afeeling or an opinion about it. Each of these five variables, central to the
learning process, may be postively or negatively affected by dectronicevauation
techniques. The purpose of this research was to assess these effects.

TheSudies

As noted above, one of the main contributions of electronic evaluation tools
totheprocessof formativeeval uationisthat they significantly reducemany of the
obtrusive aspects of the evaluative process (Nickerson, 1979). The question
addressed by these studiesiswhat remaining (or new) obtrusivenessexidts, first
in the cognitive domain where instructional objectives usualy resde, andinthe
affective domain, where the PEAC system is most often applied. In order to
examine this question of obtrusiveness on the learning process, two leves of
PEAC usagewere utilized: learnersusingthetechnique, and learnersnot using
it. Assumingthat attention issdective, the key to assessng differencesbetween
the groupsas aresult of treatment depends upon the senditivity of the dependent
measures to effects resulting both from evaluation task demands (criticd infor-
mation to which attention is drawn) and from aspects not directly addressed in
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theeval uation process (incidental information) (Anderson, 1972). Thesestudies
explored the relationship between the task demands imposed by the PEAC
system and the specific content being evaluated. For example, if the evauator
were to ask learners to assess the visua quality of the program, the increased
attentiveness of viewers to that aspect of the content would likdly enhance their
subsequent recall of it, probably tothedetriment of other agpects(Rothkopf, 1970;
Watts& Anderson, 1971). Whilethisattention factor isfairly obvious, theprocess
representsadilemmarfor theevaluator. Themore precise, and thusprescriptive
and useful the information, the more obtrusive it becomes to other factors,
regardless of themeasurement technique (PEAC or otherwise). Theevauator is
therefore left with measuring either global responses which preserve externa
validity, or specific questions which by their very nature prime attention to
certain agpects while interfering with others. Thus, formative evaluation must
both carefully specify precisdy what it isthat needsto bemeasured, and recognize
that that decison will have an impact on the generalizability of theresults.

The studies reported here were exploratory in that they attempted to
integratesevera areasaof inquiry which seemedtobelogicaly rdated. Themajor
effect expected wasthat use of the PEAC system would influence cognitive recall
in certain conditions. (Intheinterest of clarity wereport the sudiesin terms of
theactual variablesused in anayses, rather than interms of the initial design.
Readers wishing complete information are invited to contact thefirst author for
details)

METHOD

Design

A Pretest-Posttest Control Group fixed design was used, with the Usage (use
or non-use of PEAC) factor between subjects. The pretest used to determine
content familiarity wasused again asthe posttest, leaving open the possibility of
including arepested measures comparison. Whilethesamedesign wasusedfor
two populations, described bdow as Study 1 and Study 2, eech population
received a different overdl evaluation question.

Subjects

The subjectsin Study 1 were 55 students from a private urban college. For
Study 2,69 students from a public urban college were used. Since subjects prior
knowledge of content was ass=s3=d via a pretest rather than manipulated,
random assignment of groups was presarved, thus avoiding the limitations
asciated with an ex pogt facto design.

Materials

Theinstructional stimulus consgged of a 27-minute Educational Teevison
(ETV) program entitled "Out of the M ouths of Babes', produced in 1975 by the
Canadian Broadcasting Corporation (CBC) and previoudy aired on the weekly
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"TheNatureof Things' tel evis onseries. Theprogramexaminedthetheory that
achild'sability totalk is partly innate; that babies areborn with the capacity to
extract notjust words, but rulesof grammar, from what they hear spoken around
them. This particular program was sdected for threereasons. Firs, its content
and levd of production wereappropriatefor college-level students. Second, itwas
believed that the content would be familiar to some students and unfamiliar to
others, allowing an adequate number of learners in each levd of content
familiarity. Third, the program was consdered agood representation of atypica
ETV programinthat it was of relativel y high production quality and it dedlt with
an academic, though popular subject matter.

Thepre-testmeasurescond sted of atwo-part pri or knowl edgecognitivetest
andanattitudequestionnaire. Prior knowledgewasassessad by two composite
measures, onebased on 6 short answer itemsandtheother on 10multiplechoice
items. Theitemstegtedleved sof knowl edge, comprehensi on and application of
program content. The attitude measure conssted of 14 scaed Likert-type
questions which were related to subjects attitudes toward the importance and
relevance of language acquisition in children. Each attitude item dealt with a
discrete topic, and was therefore trested individually.

For thefirst sesson, the experimenter ordly presented instructionsfor each
of thepre-treatment measures, i nformati on about program viewingand arequest
to complete a post-viewing questionnaire to al groups. For the experimenta
s=s50ns one week later, the experimenter requested that students watch the
program, and gave ingtructions regarding each of the pogt-viewing question-
naires. | naddition, thosegroupsusingthePEA Csystemwereingructedverbal ly
in the use of the PEAC devices.

For Study 1, all subjectsweretold that the overdl questiontobeused in
evaluating the program was. "How effective do you think this program is in
demonstrating language acquisition in children?' The question was designed to
prompt learnersto attend to the academic objective of the presentation, namely,
thepresentation of i nstructi on about childrens languageacquisition. Subjects
usingthe PEAC systemwereasked toratetheprogramintermsof thisoveral
question, usingtheir hand-held devices. Possbleresponseswere: 'Very effective’;
"fairly effective’; "not very effective’; and 'Very ineffective’. Subjectsnot usingthe
PEAC system were smply asked to keep thequestion in mind asthey viewed the
program.

Itwasinitialy intended to usethe sameoverdl (real-time) question for both
samples. However, during Study 1 it wasfound that theinteraction betweenthis
question and the characteritics of the program failed to provide for discriminat-
ingevaluation. Nearly all subjectsusingthe PEAC sysemrated thefilmas'Very
effective’ or "fairly effective" at al timesand in fact used their hand-held PEAC
devicesvery infrequently. The decison was madeto changetheoverall question
for Study 2. All subjectsfor Study 2 weretoldthat theoverdl evaluation question
was "How good doyouthink thisprogramis, based onyour overdl reaction?’ This
questionwass milar tothegenera content eval uationtypically usedin much of
Baggdey's work. Subjects using the PEAC sysem were asked to: "Kate the
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program as very good, fairly good, not very good or poor. Useyour ownjudgment
to make the evaluation, based on anything that strikesyour overall reaction at

any givenmoment.” Onceagain, subjectsnot usingthePEAC sysemwereasked
to keep the question in mind during viewing. It was hoped that the change of
question would accomplish two goas. Firs, the more globa nature of this
question would encourage students to be more discriminating about different
agpects of the program. Second, the ssimpler, more understandable phrasing
would make the task easier and thus encourage more frequent responses. For
both studies, in dasses using the PEAC system, the questions and possble
ratingswerewritten ontheblackboard asareminder to subjectsthroughout the
program.

The post-presentation dependent meesures consgted of five parts. The
cognitive and affective measures given in the pre-presentation sesson werere-
administered. An additional section was attached to the cognitive component of
the posttest. It was thought that this measure might provide a more precise
indication of the relative obtrusiveness of the PEAC system. Subjects own
opinion about the effectiveness of the program was sought through 20 program
evaluationratingquestions. Theseweredifferent fromtheattitudemeasuresin
that the program eval uati on questi onstapped opi nions about the presentation of
this specific program whereas attitude items probed opinions related to the
generd topic— that is, languageacquisition—apart fromthe ETV program. The
items in the program evaluation rating section, designed to measure opinion
about the actual program, varied in nature, with some having a short answer
format, some a multiple choice format, and others a Likert-type scae format.
Finally, 16 demographic questionsascertained information such asageand sex.

Procedure

Study 1involvedthreeintact dasses twoof whichmadeuptheexperimen-
tal group (re=16+n= 13), thus(n=29),andonecontrol (n=26). Study2a soinvolved
threeintact d asses twoof whichmadeuptheexperimenta group (n=23+n= 17),thus
(n=40), onecontral (n= 29). Any potentially different|learner characteristicswere
assumed to have been distributed in random fashion, since the three intact
dasesineachof thestudi escons sted of di ff erent sectionsof thesamecourse, and
were taught by the same instructor. The students had been placed in agiven
sectiononthebasi sof their college'sschedulingsystem, sothat confoundinggroup
differences were highly unlikely.

Atthefirst sessontheregular instructor introduced the experimenter, who
gave a brief introduction about the study, and distributed large envelopes
containing the pre-treatment questionnaires. Studentswere asked to complete
the questionnaires, according to ensuing verbal directivesand written instruc-
tions. Timelimitswereimpaosedfor eechquestionnaire. Whenall questionnaires
had beencompleted, studentsreturnedthemtotheexperimenter. Studentswere
told that the second sesson woul d occur in oneweek.



10 CJEC SPRING 1994

Onewesk later, al groups were given an identical introduction to the ETV
program. Subjectswere informed that they would be asked to answer questions
after viewing. In addition, experimental groups (i.e., those using the PEAC
system) weregiven ora ingtructions on the use of the PEAC system (includingan
explanation of the overal rea -time question as mentioned above). The program
was shown, after which three questionnaires were distributed to each student.
Once again, students were asked to complete the questionnaires according to
verbal directives and written instructions, and atime limit wasimposed. When
finished, students returned the questionnaires and the experimenter answered
any quedtions about the study.

RESULTS

Scoring Procedures for Dependent Variables

The two cognitive teds, the short answer format and the multiple choice
format, wereused as measures of content familiarity inthepretest. Thesx short
answer itemswereassigned 2 pointsfor each correct response, and only onepoint
wasgivenfor partialy correctanswers. Aninter-rater reliability coefficient of . 91
was obtained for the short answer items. The ten multiple choice items were
assigned one point for each correct response. Each item in the attitude question-
nairewas coded individually, with avaluefrom onetofiveto each of theresponses.

Thecognitive posttest cond sted of the sametwo measuresthat wereusedin
the pre-treatment sesson, and were scored the same way. An additional test,
designed to further explore the relation between use of the PEAC system and
different typesaof learning, consgsted of 11 fill-in-the-blank typequestionsrd ated
toincidental learning. A total of 26 pointswas possible, with partial credit given
to responses containing fewer than the total concepts or words required. The
attitude posttest was identicd to that of the pre-treatment sessons and was
scored in the same manner.  Demographic information was aso collected and
tabulated.

Tests of Assumption

Dueto the need to employ intact dasses within each study, equivalence of
groups was asesd prior to the andyses of effects. Andyses of variance
(ANOV As), completed on thethreedasses of each study for al of thepre-sesson
dependent measuring instruments yielded no differences, thus verifying class
equivaence within each study.

Sudy 1

Study 1 involved datafrom the private college sample only. Thesamplefrom
the public college (Study 2) was significantly different from its private counter-
part on pretest performances, thusamplifyingthe need for separation of thetwo
groups.
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Means and standard deviations for the three cognitive variables—short
answer, multiple choice and incidental learning scores—are listed in Table L
Resultsof multivariateandunivariateanaysesof varianceyid dednosignificant
results.

TABLE 1
Cognitive and Aptitude Measures for Study 1

Criteria With PEAC Without PEAC
X SD n X SD n

Pretest

Short answer 3.83 1.42 29 3.50 145 26

Multiple choice 3.10 157 29 281 150 26

Posttest

Short answer 4.38 2.24 29 3.77 1.56 26

Multiple choice 7.90 152 29 8.00 150 26

Incidental 15.59 2.77 29 16.12 3.30 26

For the attitude items, each of which dedt with different components of the
program and content, Chi-square and Mann-Whitney U tests were used. No
significant differences between use and non-usegroupswerefound for either the
attitudesexpressed onthepretest or thoseexpressed on theposttest. Despitethe
ordina nature of scores on the attitude items, arepeated measures analysis of
variance was conducted in order to determine whether or not any changes
occurred fromthepretest tothe posttest within each group. A tota of 7 caseswere
deleted from the experimenta group, while 2 cases were deleted from the control
group dueto missing data. None of the regponse distributionswas statistically
significantly skewed. Results from this anaysisyielded results similar to the
non-parametric anayses mentioned above. For example, both use and non-use
groups expressed the opinion that television was a desirable medium by which
to learn about topics like language acquisition; and both groups dso shared the
attitude that the documentary format was not necessarily gppeding, after
viewingthe ETV program.

No significant differences were found for any of the program evauation
rating questions (which probed viewers opinion about the particular program
itsdlf rather than their attitude about the topic and televison in generd), using
Chi-Squaretests.

Sudy 2
Theresultsof Study 2 werebased on datafrom studentsat the public college.
The specific tests deding with cognitive recdl, attitudinal responses, and
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program evaluation ratings were identica in al repectsto those of Study 1
Means and standard deviations for the three cognitive variables — short
answer, multiple choice and incidental recal — areliged in Table 2.

TABLE 2
Cognitive and Aptitude Measures for Study 2

Criteria With PEAC Without PEAC
X SD n X SD n

Pretest

Short answer 2.65 1.48 40 2.35 152 29

Muliiple choice 1.90 115 40 2.36 125 29

Posttest

Short answer 2.05 1.65 40 341 199 29

Multiple choice 5.60 1.78 40 6.18 149 29

Incidental 13.23 4.46 40 13.66 5.02 29

A multivariate analysis of variance (MANOVA), using the short answer
and the multiple choice scores of the pretest and the podtest as dependent
variables, resulted in asignificant Retelling test (F(1,63)=3.73,p=.009) for the
main effect of PEAC usage. No other overdl effectsweresignificant. Within the
PEAC effect, univariateandyses showed the short answer scorestobesignificant
(F(1,66)=10.26, p=.002\ while themultipl e choice scores only gpproached signifi-
cance (F(1,66)=3.5, p=.066), both on the posttest only. Table 3 represents the
multivariate and univariate comparisonsfor these dependent measures.

These analyses showed that, based on the short answer posttest scores, non-
usersof PEAC outperformed users of PEAC.

Theabove MANOV As provided essentid information regarding the central
hypothesisof thestudy, namely, that useof the PEAC systeminfluencescognitive
recal. Inorder to further examine the nature of thisinfluence, overdl pretest
performancewasused asabaselineand compared to posttest performance. Thus,
a repeated measures anadysis of variance with the short answer pretest and
posttest scores asthe repeated measures and PEA C usage asthetreatment factor
was performed. The results produced a significant interaction (F(1,66)=11.64,
p=.001). Whileboth experimental and control groups performed at thesamelevel
on the pretest, the control group, which was not distracted by the PEAC
evauation, improvedsignificantly (Tukey, q(67)=4.06,/><.01) and theexperimen-
tal group actually performed dlightly worse on the posttest. On the posttest
comparison, the control group aso performed significantly better than the
experimental group (Tukey, q(67)=5.56,p<.01). A graphic representation of this
interaction appearsin Figure 1
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TABLE 3

Multivariate and Univariate Tests on Short Answer Pretest (SAPRE), Multiple
Choice Pretest (MCPRE), ShortAnswer Posttest (SAPOST), and Multiple Choice
Posttest (MCPOST) Scores for Study

Effect Multivariate test Univariate tests
(Hotelling's) Error Mean Square:

SAPRE 227

MCPRE  1.39

SAPOST 3.24

MCPOST 2.84

F df p F df =]

PEAC  3.73(1,63).009 SAPRE 63  (166) 429
MCPRE 189 (166) .174
SAPOST 1026 (166) .002
MCPOST 350 (1,66) .066

Figure 1.
Mean Scores on Short Answer Pretest and Posttest for Usage and Non-Usage of
PEAC for Study 2.
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As in Study 1, attitude items were examined individualy using non-
parametric andyses. Mann-Whitney U testson each item showed that on the
pretest the PEAC usage group attached significantly more value to the impor-
tance of language acquisition in children than did the non-use group. No
significant differences between groups were found for attitudes indicated on the
posttest.

Inorder to assesschangesin attitudesfrom pretest to posttest within groups,
arepeated measures analysis of variance was performed. Dueto missing data,
12 casss were deleted from the experimenta group, while 6 cases were deleted
from the control group. None of the response distributions was statisticaly
significantly skewed. Asin Study 1, both the use and the non-use groups seemed
to share certain attitudes. For example, two items indicated that after viewing
the program, studentsexpressed amorenegativeattitudetoward theimportance
and/or relevance of language acquisition in children.

Results from the Chi-Square tests performed on the program evaluation
rating questions showed no overal differences between groups.

DISCUSSION

The study's centra hypothesis, which stated that the use of an eectronic
evaluation technology would influence cognitive learning, was supported for
content recall when agenera real-timeevaluation question wasused. What dso
emerged, however, wastheredlization that thevalidity of theeval uation process
and outcomes is largely determined by the context within which the evaluation
iscarried out. A given evaluation tool may be appropriatefor certain situations,
and inappropriate for others. What is therefore needed are guidelines for
determiningwhen and where e ectronic toolssuch asthePEA C system are useful.

This discussion will return to the five principle contextual factors cited from
Daningburg and Schmid (1988) above — assesament objectives, individual
differences, content familiarity, mathemagenic activities, and attitude and
motivation — to interpret the results.

Assessment Objectives

I nlookingat assessment objectives, two critical questionsmust beaddressed.
Firg, what aretheintended | earningoutcomesof aproduction? A nd second, what
isit that is being evaluated? The results of these studies suggest the direct
involvement of these contextual factors with the task demands placed on
learners. Intheinitial sagesof thisresearch, weassumedthat theact of holding
the hand units and being asked to evaluate would affect cognitive learning.
Looking at the global results, however, it seems that ssmply holding the hand
units and being asked to evaluate is not what differentiates the obtrusiveness of
the PEAC system methodology from traditional techniques, nor what definesthe
task demand of evaluativeviewing. Study 1 PEAC usershardly ever used their
hand units during the program, and not surprisingly, no differences emerged.
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This suggests that the critical task demand seems to be defined, not by the
eectronic tools themsaves, but by the evaluation question (i.e., the overt request
of directed attention). The questionfor Study 1 gppears to have been either too
complicated or too general for viewers to keep in mind while simultaneoudy
watching the program. The question had no effect on their attention. If the
learners indeed were conti nuously evaluating, thefact that they seldom changed
their opinion renders the question inappropriate because it failed to provide
information useful for formative evaluation of the program.

Thesmpler phrasingof thequestion usedfor Study 2, relaivetothequestion
used in Study 1, wasdesigned to makethetask easer and thus encourage more
frequent responses.  The question did produce an effect, suggesting that the
question itsdf plays a crucial role in both whether people respond, and, conse-
quently, on the obtrusveness of the PEAC methodology. This research d<o
suggeststhat cognitively oriented questionswill not functionwell withinan ETV
context, as moment-by-moment changes are unlikely to emerge.

Individual Differences and Content Familiarity

Although thereal-time questionin Study 2 produced an increasein response
rate, we suspect that the nature of the program itsdlf led to the learners failure
tousethehand unitsoften inboth studies. Asmentioned above, oneof thereasons
for the selection of the parti cul ar program used wasthat it was considered agood
representation of an ETV program, offering both good entertainment and
learningvalue. Itisclear, however, that viewing of thistypeof ETV isnotahighly
affective activity. A typicd program would probably not dicit the individual
attitude peaks and valleys of a program dealing with a controversia subject
matter or a program designed largely to entertain. In other words, thistype of
ETV does not usually bringout strong opinions about anything on amoment-by-
moment basis.

For cases in which frequent reponses are not dicited, post-presentation
evaluation techniques seem the best aternative. While the use of the PEAC
system does not preclude the use of post-presentation techniques (in fact, to the
authors' knowledge, the system isaways used in conjunction with post-viewing
questionnaires), thecos and eff ort of usingan e ectronic eval uation system ssems
worthwhile only if useful additional information is obtained. Furthermore, the
level of obtrusiveness, especialy at increesing levels of responding as evidenced
in Study 2, may obscure the eval uation of the principleaim of the program, that
is cognitive learning. If the PEAC systlem isused becausethe ETV program is
felt to have sufficient affective variability, the measure of cognitive effectiveness
should probably beconducted separately (without moment-by-moment el ectronic
measurement methodology).

Mathemagenic Activities

Basaed on Rothkopf swork, weconjecturedthat requiring learnerstoeval uate
continuously throughout a program would direct their attention to certain
aspectsoftheprogram,leavingotheraspectsunnoticed. TheStudy 1 question did
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not have the positive effect on content recall that mathemagenic theory would
have predicted. The question for Study 2 actually agppeared to have anegative
impact. The detrimenta electronic evaluation effect only emerged in the short
answer responses, which are more discriminating of comprehension and applica
tion levels of learning. This result suggests that use of general moment-by-
moment evaluation influences an individual's deeper processing of information
as opposed to smple information acquisition.

Theverbatim-typequestionsusedinthestudi esto asssssincidental learning
did not seem to be influenced by the use of e ectronic evaluation tools. Thismay
be because this type of recognition item does not require conscious cognitive
processing in the same manner as does short answer material involving compre-
hension.

Attitude and Program Evaluation Ratings

Therewereno differences between PEAC usersand non-usersfor any of the
attitudeitems. Ingenera, viewersappear to both approve of and recommendthis
form of a documentary in the context in which they found themsdves, that is
watching ETV in the dasssoom. The studies show, however, that smply liking
adocumentary does not necessarily imply that learning will occur, as evidenced
by the mediocre achievement on severa parts of the posttest. This again
highlights the need for designers and producers to attend to an intentional
balanceof varioustypesaf objectivesinthedesignand eva uation of ingtructional
programs.

CONCLUSIONS

Electronic assessment tools in generd, and the PEAC system in particular,
have been advocated asnot artificially changing theact of viewing (Millard, 1992,
Radio-Quebec, 1984). Thesestudiesprovidesupport for theclaimthat electronic
evaluation tools may beused in avalid fashion for measuring affectivevariables,
the domain of their traditional application. Thisassumesthat the objectives of
theprogram includechangein attitudeasacentral god. However, theseresults
provide empirical evidenceto suggest that such tools are not appropriate in the
as=s3ment of aprogram's cognitive learning effectiveness, and indeed that they
detract from it. Given that cognitive objectives are of paramount importance to
educators, this interfering effect appears to serioudy question the validity of
usi ng e ectronic measurement tool s at the sameti me dataare sought on cognitive
processing.

Weare reminded that, while the dataproduced by these systemstend to be
impressivein atechnologica sense, it would be amistaketo generalizetheir use
beyond their empirically demonstrated abilities. In situations in which a
program's objectives are partly concerned with affect and partly with cognitive
change (i.e., learning), we suggest that an evaluation using an eectronic tool be
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supplemented by another evaluation technique more appropriate to assessing
coghitive change, such as post-viewing questionnaires.
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