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I. EXECUTIVE SUMMARY

This Final Report, and the accompanying documents listed
on page 8 ; describe the physics course delivered under con-
tract Number N00600-68C~0749, its development, validation,
and installation at-the U. S. Naval Academy. The materials
to be used in the course are separately packaged and are
described in the letter of transmittal.

- The course, as delivered, is self-paced, independent
study, multimedia, computer or manually managed, classical
introductory physics. It is completely paékaged and can be .
used at the U. S. Naval Acadsmy with any number of midshipmeh,
in the fleet, or, at any othexr place having a need for the
content contained in the objsctives as listed in %echnical
Reports 5.1, 5.2, and 5.3, provided that adequate faculty
support is available at student request.

A second major compénenf of the delivery is the Empirical
Course Development Model which sets forth the procedures for
developing new courses or adding conteht tc 2xisting courses.
Capable professionals, through the use of the model, can
design and develop self-optimizing courses or segments 6f
courses. - |

A third major component of the delivery is the report on
the research, evaluation, and vaiidétion procedures followéd
‘in:bringing the course to completion. This information is
contained pfincipally in Technical Report 5.0: Final Report.

The course is fully operational at.the.present time, |

. the Physics Faculty can decide, at any time, to offer the




independent study course, or to continue the present procedure
of offering the stﬁdents_a choice between the new course and
the traditional course. It is the contractor's fecommendation
that this decision be reached by the Naval Academy, taking all
relevant factors of current operations into c0n§ideration.

ihé benefits to be gained by offering the iﬁdependent
study version should be in the ability to schedule the course
on a flexible basis at all hours during the day thus avoiding
conflicts with other courses. Further, through time, a
gradual reduction in the number of people required to teach
the course should be realized, if this reduction should be
desirable to the Acadeﬁy.

Because of the backgrcu:nZ zmd czzabilities of the mid-

shipmen, we have concentrated cn print zedia and de-emphasized

the more complex and expensi-vz z_-.Iicvwiz:uzl approach. The
Empirical Course Developmenit M=3z> 32=s, however, outline a
procedure for developing, usinz, 2nd ewvaluating available

-audipﬁisual media. The basis Zcr the decision is presented in
this fepoft, particularly in the results and discussion, and
in the Revision Process_Documehtation.

The fact that.the systems aporoach to course development
. has been effectively employed in this course should be care-
fully considered in analyzing future needs. The contractor
believes that an extension of the systems approach to other
c6urses and programs at the Academy would have benefits wéll
above those possible to achiéve in a physicé course alone.

Particularly, in the Effectiveness Report, the point has been



made that an absolute standard does not exist for the amount
of physics that should be learned in this course, and there is
no specifiéziion of the level of mastery expected. Further
study of this question should yield a definition of physics
knowledge requirements for students with any Academy major.

Finally, the installation and operation of the course at
the Academy during 1970-~71 should represent only the beginning
Qf the optimizing process. The course is desiéned t0 iterate
and to be systematically.reviéggj’ In this feature lies the
power of the development modsl.

The course is completed. It is guite effective. It is

installed and operéting at the Acadeny. Additions are being

should be revised and improvsé following each iteration.
Management attention should := directed toward seeing that

the continuous improveménts.a:éiﬁade, that course operations
are adequately supported witx staff or computer assistance, and
that .staff levels for course cperations are consistent with

overall needs of the Physic Department and the Naval Academy.



II. INTRODUCTION

The Purpose of the Contract

Exerpting from the original Request for Proposal (RFf),
the objectives of the contract were, "...to develop, test, and
evaluate the best possible instructional media, materials, and
.strategies, utilizing a1l available technigues in the current
state 6f the art." Within the context of this objective and
listed later in the RFP are requirements for tryouts, re-
visions, and evaluations of the various media and materials
with the intent of including those naterials which tend to
optimize the course results and eliminating those materials
which do not appeaf to contribute to student pérformance.

In any research and develcpmental effort of the magnitude
of this contract requiring z+zte-of-the-art technology there
are generally three sources ¢ information which emerge as
relevant, and from which one can infer the ultimate intent of
the contract. The first source includes the RFP and initial
cont;act documents. The second source is the modified contract
and official agreements that have been worked out between the
contractor .and the customer. The third represents the formal
and facit agreements reached between contractor and customer
stéffs as they-progressed toward the delivery'of the final
system. These sources of information will be discussed in
order and hopefully will brovide the basis for establishing
‘clearly the intenﬁ of the contréct as interpreted both by the

contractor and the customer.



Throughout. the RF¥P, thé requirement for design, develbpment,
trybut, and revision of instructional materials is reiterated.
In addition to the instructional materials, various approaches
to the scheduling and operation of the course had to be worked
out so that the‘finally delivered package included not only a
.set of effective1 materials but also a set of procedures
which will allow the Academy, in future iterations of the
course, by evaluating and revising,ultimaiely to achieve an
optimum course based on the original version and techniques
applied by the contractor. The Empirical Course Development
ModeiA(TR 5.7) sets forth the zeccmxm nded procedures for

future revisions.

Thus, two important consiisrz:icns zre established, (1)
that the course must be develczzZ =zzcoriing to an empirical
methodology, and, (2) that trhs Z:i-=1 :::-enentatlon package
should include techﬁiqués for z=sizzrztZizn of the course with
successive improvements to be =z3Iz = the faculty in the future.

SiPce the term, "best possizlie™ is not officially defined
in.thejcontract or the RFP it was assumed that the meaning of
this concept should be derived Zrom the contractor's analysis
énd approach to the problem so that the best possible finally
deliveréd égurse would includé not only the instructional
meaia, materials, and stratégies, but would also take into

consideration the realistic constraints of the Naval Academy. -

lsee Technical Report 5.6: Effectlveness Report for a

thorough deflnltlon and discussion of "effectiveness."
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Such coﬁstraints; likely to be found in any university, include
the judgment of faculty members based on their knowledge of
content of other courses, the extra-curricular activities at
the Academy, and the long range gcals and objectives of the
Acédemy.

During the materials development effort for the initial
tryout, a number of discoveries was made by the.contractor which
resulted in design changes and allocations of time and re-
sources for the computer. While it was initially considered
to make the computer the central featﬁre of the entire course,
the results of outside investigations and recent experience
at the Academy suggested that a rzdefinition of the computer's
role was imperative if the course were ccing to be used

successfully. It was agreed :-:=* <hs cz-puter was best used

as a managemént tool (Computer X=-=zcad I:struction) rather

tﬁan an instructional device, =:rszt Iz 2 specific application

of computers in solving physizs zrchle=s with many'variableé.
The third source of speciiicziicns and agreements on the

'fina% package emerged as contracizcr znd Academy staffs co-

[aats AR ,

operated to implement the interim versions. It was during
these tryouts that the various possible roles of instructors,
aﬁoupt of dependence on the computer, the_function of the
laboratory, and the overall operational methodology of the
course were worked out to fit Academy requirements.

Severél additional reports have been prepéred to bhe
sﬁbmitted in conjunction with and as a part of this Final
Report which speak to various issues and aspécts of the course

as developed and finally submitted.




Documentation Reports
1. FINAL REPORT (TECHNICAL REPORT 5.0)

A. Description of the methods, activities, materials
and reports developed and produced by the contractor £o
satisfy the requirements of contract N00600:€§C—0749,'and of
the Request for Proposal as a part thereof.

B. Statistical data and statistical tests where
appropriate, and, the conclusions drawn and recommendations
made by NYIT on the basis of the analysis of these data and
of the experience gained during the project.

C. Specific reference to the Evaluation and Validation
Design (Technical Repor£ 4.7) and an interpretation of the
data collected as specified by the Evaluation and Validation
Design. .

D. Based on the foregoing empirical data and exper-
ience, revisions to the-Design for the Selection of
Strategies and Media (Technical Report 4.9). These recommen-
dations and revisions are contained in Technical Reports 5.1,
5.2.1, 5.2.2, 5.3; 5.4, and 5.5. |

2. COURSE DESCRIPTION (TECHNICAL REPORT 5.1)
~The course és delivered_can be used effectively as an in-
dependent study, self-paced computer managed intrédﬁctory
physics course. The course materials can be used as supple-
ments to traditional instructional techniques, or through
appropriate management and.staff assignment procedures, the
course can be.used~to increase the number of students taught

by each gualified instructor. Particular coﬂfiguration used




should depend upcn the needs of the Naval Academy at any given
point in time. ;

3. COURSE OBJECTIVES (TECHNICAL REPGRT 5.2.1)

Each of the performance objectives is represented by a
probleﬁ so that the level, scope, and assessment measures are
described in unambiguous form. The principal requirement for
student success is that he be able to work the problems
appropriately in the time allowed.

4. COURSE STRUCTURE’AND SEQUENCE (TECHNICAL REPORT 5.5.5)

The topical sequence of objectives including the decision
processes which led to_this.seq'e:ce.

5. TEST ITEM BANK (TECH3IC:™ ZZPQ2T 5.3)

A compilation of critericn chackx itsms and diagnostic test

items identified by terminal ckizotives. The item bank in-

cludes multiple questlons for szzx terminzl objective and item
statistics collected during txz ==zt conducted in the Fall
of 1969.

6.; MANAGEMENT SYSTEM REIF2ZT (7o CHNICAL REPORT 5.4)

A aescription of<course implementation procedures re-
commended by the contractor, the nature and form of the test,
che method of scoring and record*ng scores, the kinds of feed-
back provided the students, and the method of presenting the
feedback. A description of all record-keeping procedures and
the-forme on which records can-be kept. The report details the
.ﬁse of the computer managed instruction system where applicable.

7. REVISION PROCESS DOCUMENTATION (TECHNICAL REPORT 5.5)

A description'of the specific empirical cevision activities,




rationale for these activities, and a compilation of the data
upon which revision decision were made.

8. EFFECTIVENESS REPORT (TECHNICAL REPORT 5.6)

The effectiveness report discusses effectiveness first
and primarily in terms of "mission" effectiveness, by ex-
plaining the procedure used to derive the missién for the
course, by elaborating a definition of effectiveness in terms
of this deri&ed mission, and an explanation of how the learn-
ing system developed in this contract achieves the derived
mission. |

9. EMPIRICAL COURSE DEVELOZMENT MODEL (TEéHNICAL REPORT

5.7)

Course Development Model, expandzd to include additional tech-

niques so that the model will ==z zzzliczble to a broad range
of courses in instructional szt=i=zcs.
The Empirical Course Devalczm=nt Molel is presented as a

.c0mp}ete set of procedural guidesz, with supplementary devisions
and eéplanatiOns. The model was designed, first, to provide |
the Naval Academy Physics Department with the tools and pro-
Cedu;es necessary for continued course optimization, and,
second, to furnish these same tools to the Academy and other
schools and colleges for empirical course development in any
subject matter area. |

The Empirical Course Development Model is intended to be

used in conjunction with the Management System Report, Tech-

nical Report 5.4, and the Effectiveness Report, Technical
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Report 5.6
These repo- ively, are submitted with the in-
tention of an. 4 . least these funamental q =stions:

1. How did the contractor £ulfill the terms and condi-
tions of the contract as amended?

2. What materials and level of detail are hecessary in
order for the Physics Department to understand the development
process as it was practiced by the contractor, and, what
specifications procedufes and plans are necéssary.to allcw the
Physics Department to continue course development as re-
commended by the contractor?

We believe that the réports as submitted are sufficient to
achieve both purposes, withc:t containing unnecessary detail
and recommendations beyond the scope or training of the Physics

Department.’



III. PROJECT DESCRIPTION

Overview

There were three imp- ant milestones in the developmént
of ‘this project. The fir~i was the development of the content
and objectives of the entire course, the secg;d‘wés the major
tryout in the Fall of 1969 of all of the learning materiéls»
at the Academy, and the third was the implemeﬁtation of the
course as it was intended to operate in the Spring and Fall
semesters of 1970. The initial tryouts of the méterials at
‘the Academy occurred during the last part of the Fall of 1968-
and during the Spring of 1969. The Fall 1968 materials were
the first rough draft version and were used with only a few
students in order to determine level of expectation, guality
of materials and time fequirements. The second tryout in-
volved a considerably greater amount of material amd lasted
for the entire Spring 1969 semester with approximatély one
hundrmed students. On the basis of these two earty iterations
of the mmwerials the configuration of the course in the Fall

of 1969 mm=r-designed.

13

11.

The purpose of the Fall 1969 tryput was to compare students

preference for, aﬁd, the performance of the instructiqnal
materials selected and packaged for the course. On'fhe basis
of performance and student preference data, combined with |
judgments aboutvcosts and general'éffectiveness, the com-
bination package of the fiﬂal version of the course was to bhe
derived. 'After the Fall 1969 tryouts, changes took place

in the method of course operation, and the course content.
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Further,Academy faculty had the first opﬁortunity to develop
materials according to the Empirical Development Model, The

- faculty materials development effort was concerned principally
with addin~ content to the original course in order to meet
newly - resc ‘.d Academy curriculum requirements.

Extensive data wés collected during each iteration of the
course for the purposes of making judgments about materials
adequacy and for providihé information upon which revision
decisions could be based. Several large boxes of computer
printouts, including individual student response records,
synopses of group response records, performance data, rating
data, and time data have been collected and are available for

"detailed review. it should Lz emphasized thaﬁtthese materials

arm= not useful fm— summative evalmation. The iterations

duxring the Fall =E 1969 and *=es S=ing of 1970 provide data

uss=ful to ascertamm total vaiue & the course. Specific con-

clmesions and.recnmmendations about the course and its oper-

atiions are made in Empirical Course Development Model (TR 5}7)'

anit- in the Effectiveness Report (TR 5.6).

The data presented in this report were collected during the

- E=TT 1969 tryout. |

M= Fall, 1969 Tryout

The project design led up to the Fall 1969 tryout as the
major data sourcé for materials revision purpo#es and to the
Spring 1970‘tryou£ for the final data source for management
'denisions. In the Fall of 1969, midshipmen were required -to

complet2 the entire sequence of instruction,'regardless of
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whether they were capable of compieting the course early.
This procedure was followed in order to rgtain the'complete
Academy range of talent in the samples. During the Spring of
1970, midshipmen were allowed to complete the course early,
rcvicde o that they passed stringent criteria, in which case
they were exempted from tize final examination. -

The major Technical Reports,,submitted in 1969, describe
in detail the objective considerations and rationale for the
Fall 1969 tryout. These reports are:

1. Technical Report 4.7: Rationale for Sequencing
Objectives. PFinkel, 1969. |

2. Technical Réport 4,7.Y: Evz2lpation and Validation
Pesign. Detewrlimms and Branscn, 7=5.

3. Techmiical Report 4.7.72 Thez Validation Process.
Beterline and Bﬁamsoﬁ, 1969.

4. Technical Report £.2: =zsicm for Selection of

!

Strategies and Med®a. Deterli-s =zmZ =2rznason, 1969.

5. Technical Report 4.3: Cpourss Revision and Re-
*
structure. Vierling, 1969.
6. Techmical Report 4.12: Weekly Course Segment

Pocumentaion, Weeks A through O.
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@escription of the Course

The version of the physics course delivered to the
Academy includes instructional materials, a management system,
mnd, recommended evaluation procedures. The instructional
mmterials were packaged to be used within the recommended
mEanagement system’according to the procedures described in
™echnical Reports 5.1, 5.4., and 5.7. ' The configuration of the
course is independent study with faculty management and support
For personal consultation upon requ=st by thé student. The
Smstructional materials consist of the basic textbooks, the
=mwblems and solution books, —he cri*=rion test items, and fhe-

selered audiovisual materi=ts,

e recommended config—==icn =< course and the basis
o it, are completely respr—=ive -tm:the RFP, particularly in

#=rris ©f the explicit objeczi=ess set for=h on page one: "The

iwes of the program erz -to dexeiopviesf and evaluate

dil bestt- possible instructic—=: ned=, materials, and strate-

ez, ntilizing all ayailaﬁ&zutecbniqués in the curremt state-
wi—dhe—art." Elsewhexre in the. RFP specific reference is made
wpr Computer Assisted Instruc=fon (CAI} -and Computer Managed
Tmstrmetion (CMI) and:the utilization of appropriate in—~
==wuctiunra 1 media,.pariiculamiy audiowisual materials.
@hﬁthelbasis of the daﬁa:available when the RFP was issued,
+hrette were excellént reasons to believe that specific audiovisual
cenrdaile, Cbmputer Assisted Instruction, and Computer Managed
Tmstrociion would all contribute undiquelv to the performance

o midgshipmen in the physics course. Our general results, as
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well as resSults reported by other investigators, seem to in- -
dicate that the differential effects of media in experiments-
on highly wverbal studentsvafe rarely convincingly demonstrated.
The contractor, therefore, has taken the view that nothing
should be included in the course which added either to student
time or to éourse expenée unless a clear demonstration of its
utility could be made. The statistical analyses, results,

and discussion sections present the data and conclusiwms
reached by the contractor after careful evaluation of =he
media and course structure.

The report of an exhaustiwe search of the literature by
Dubin and Taveggia (1968) cor=trm the difficulty of
demonstrating statistically -s2mnificant differences in -teaching
methods at the college level. TIndeed, if it were not for the
finding that time spent in st=F did contribute to improved
:grades for college studénts,:t&aﬁr analysis would héve yielded
no positive results at all. ==y findings do not mean that
students do not learn, but, sE=ly that they learn abouf as

well under virtually any teacitiz.g method:
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IV. STATISTICAL ANALYSES

fntroduction

In‘this section analyses are described testing population
hypothesés using samples of scores from weekly posttests (hoth
total correct and log confidencel scores), the final examination
and reported proctor time. It is assumed throughout, with the
usual misgivinés,:that the underlying assumptions are valid
foxr: condmrting tf= statistical teéts and procedures. In those

-~

procedures where f£he calculation of the power of the test is

N =.[:}za + zg?&f{] 2

has. been used to calculate the power.

agmropriate the Formula

Power-here, as in all statistical discussions, refers to
fhe;pfobahility%offrejecting the mull hypothesis when in fact
ite=Es f&ﬂsé; It-*s desirable thzt power be as close to 1l as
possible:anﬁ tﬁisggenerally requitres that the sample size in
the. analysis hesquité large. Simce the samples used were
laﬁge'the obtained power value wexe abowe .99 for 4 = .50
Coken (1969) smggests that a power .80.is sufficient for most
behavioral studies. The symbol ™A" is -effect size and re-
flects how much difference one is-willing to tolerate before
declaring a significant differemre exists. If one desires
to detect very small differences tthen d is small and large

samples are generally necessary. The reverse is true for

detecting large aifférences,'i.em, d large. Throughout this

1 . N ) ) - L
The log conffFdence scoring procesdure .is detaifed in
Bechnical Report 4.7: Evalusstie#y: and Validsiticon Desigm,,
page 28ff.
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paper d was set at .5¢g, 'éohen (1969) calls this a "medium"
level. The symbols %, and &B denote thé standard normal de-
viate values (two-tailed) for g and g values respectively.
Uriless otherwise noted, * and ** will respectively denote
significance at the .05 and .01 levels withw; set at .01 or
smaller.

It .cannat be over emphasiéed that the reader must reach
his own-conclusions as a result of the statistical tests in
light of the stringent aésumptions of the various tests.

These basic assumptions will be given prior to each distinct

set of amalyses.

Discrimimant Analyses

In emder to utilize information on individual differences
in predicting the potential behaviors of a student, the method
of classification by discriminant analysis was selected. A
discriminant anaiysis compares an individual profile with that
of a group and calculates the probability of membership in
: that‘gpoupui The details of and tables for calculation of the.
probabilities of group membership for several variables are
given in Appendix A.All calculations were made using the
BMDO5m .Computer program. |

The grouping variables here are primarily of tw§ types:
‘Pefformance and effiéiency, with high, medium, and low levels
ﬂefined far each. The variables which_comprise the profile
Ffor earh Individmal are fiwve Strong scores (ACH, M-F, OCL,
SIN ana ©PL), one Naval ﬁfficer score (denbtgd.NAV),-SAI:(V),

SAT (M), High School ramK (converted), Whole Man Score,
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Quality Point Rating (QPR) for =r+ third semester ad the
Physics Validation Score. These twelve variables and & subset
of them were used as descxriptors of individuals to provide a
relati&ely wide range of hackground information for classi-
fication purposes. The reﬁuced set of variables used were the
result of a step-wise regression analysis on final examination
scores with SAT (M), QPR, and Physics Validation composing the
set.

To make the technigue more applicable, probability functions
are presented for each group so that an instructor or counselor
can obtain an individual's backgroumd scores, substitute per-

. formance on final examination or medium level of time spent in
a a particular Qeek for that individwmal. . (See Appendix A for
a‘detaile& explanation.) The technique: (1) assures the user
that the errors of misclassifyimg each individual have been
minimized; (2) provides‘a check on the accuracy of.the classi-
fication when used with similar individuals; and, (3fhgives a
test, of significance between groupé.over all variabies.

The variables used were assumed to be distributed as
multivariate normal within each group and were such that the
covariance matrix was'£he same fior all groups. The validity of
the following ammlyses rests on these assumptions.”

The norm referenced nature-of“mmst of the background
sScores gives soEme assurance of dastribut+on normality (at
least symmetry? but llttle can.be:sald about equality of the
covariamnces. What the user of #hese techmiques has to do is

remind himself that, "given the assumptioms are valid then
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this is how we may proceed.” How "good" it is has to be de-
termined empirically.

For a technical description and discussion of the tech-
nigque of discriminant analyses see the r=ferences on Anderson

(1958) and Cooley and Lohnes (1962).

Final Examination
Three types of students took the fimal examination.

1. _Experimehtal: those who were exoo=ed to the
experimental treatments and me=diz=:and took
weekly pre and posttests.

2. Control I: those who took only the: pre and
posttests each week.

3. Control II: those who took rei¥her pre nor
posttests nor were exposed t@z=ny ex-
perimental condition or media-.

Discriminant analyses wers conduct=d for each of the

Group.
The raw final score for each stude—t. was used as the per-

formance measure and the thres le?els:ﬁfﬁyﬁzfdrmance were:
d) High: those sbéééS'which were geeater than or
equal to X + .5S5. UnmEr=mormal dis-
tribution this incluﬁgﬁmnﬂ!rOXimately
the upper 31% of the: semres.

'b) Medium: those scores which were=alsolutely be-
o tween X + .55 and X — .5S.. Under a nor-.
mal distribution thi= ImcFuodes approxi-
mately 38% of the scrores.

c) Low: those scores which wexe less than or
: equal €0 x - .5S. Under amormal dis-
tribution this includes approximately
~the lower 31% of the scores.
Weekly Posttest Perfoxrmance

For each of the weeks T through @ {last 7 weeks)
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discriminant functions were developed using the average log

confidence score per student per week as the performance

measure with the levels being defined as the final examination.

Time in Media (Efficiency)

Using the proctor's report of time (in minutes) spent in
each student in each experimental condition as an efficiency
measure, High Medium, and Low time groups were defined as
above. Discriminaht functions were developed which claési-
fied each student as being high, medium, or low in time given
an experimental condition an? background variables.

The following tables are presented for those discriminant
analyses for which the group ecuzlitv test was significant for
o = .05 or .0l.

Tabieé i, 3, 5, 7, 9, anéd 11 icdentiiy the performance
grouping variable, profile vzriz-l=ss, sa:?le sizes and means
for each profile variabie by crzuz Zor the previouély des~-
cribed analysés.'.

.%ables 2, 4,.6, 8, 10, arnd 12 display the classification
check{fmatrices giving the number of correct and incorrect
classificatioﬂs made by the éiscriminant functions for the
éamples used.

- For example, in Tablé 2;'the discriminant analysis classi-
fication procedure used cbfrectly predicted 44 of 58 low per-
forming control group students on the final exam given only
their profile scores, 27 of 54 meﬁium level students and 37
of 54 high level students. Chi—séuare analyées could be con-

ducted on each of Tables 2, 4, 6, 8, 10, and 12, but this adds
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very little if anything to the usefulness of the procedure.
It takes no statistical test to conclude that the classi-
fication procedure is better than guessing.

Table 13 gives the generalized Mahalanobis D2 statistic
values to test the hypothesis that the mean values are the
same for all groups for the profile variables (See Cooley and
Lohnes, 1962). Subject identification, grouping variable,
number of profile variables and degrees of freedom are also
givén in Table 13.

The classification check matrices demonstrate that the
proportion of correct classification was generally above ,50
and considerably higher than this fér high and low performance-
groups.

The implication here is that the orocedure is considerably
better than guessing and wcili be of some value in obtaining
an gstimate of level of succzss on tﬁe final examination} given
background scores. This procedure should assist in planning
remedials, expected tutorial time and ¢ounselin§. ' The ‘object
of thé instruction would be to "beat the classification” and
bring every student to criterion performancé.

A comparison of actual outcome with predicted classi-
fipation for each student would be a good indiéator of attain-
ment of this goal of instruétion. For example, if a student
has a high pfobaﬁility of being in some low performance
groups on,final examination then proper sﬁeps could be taken
to overcome his deficiencies-and bring him up to criteria on

~the final. Those students, however, who have a high
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probahility of being high performers could be routed through
supplemental materials on topics which ére easy for them or
be used in a tutorial fashion with other, weaker students.

Of necessity, the final examination would require procedural
change if this approach were takan. Absclﬁ;;'Eriteria of
performance would replace the relative standing criterion
currently used. See Technical Report 4.7 page 53ff for a more
complete discussion of this problem.

The result, by use of step-wise regression analysis, that
SAT (M), QPR and Physics Validation were the best predictor
of final examination performance is no surprise since these
same type variables are usually best predictors of performance,
especially QPR.

It is apparen£ that these discriminant analyses do not
identify the best predictors but only indicate what is most
probable, given backgroﬁnd variable of several typés. Of the
18 discriminant analyses performed only seven ﬁad D2‘s
sufficiently large -to conclﬁde that the groups (high; medium,
low) had significantly'differentvpopulation means on the
backgrouﬂd variables. None of the proctor time (efficiehéy)_
analyses was siénificant, but this is conceivable éincg.one
would not expect dfastically different backgrdund éharactér—
ization for high, medium, or low feported_time spent.

The readér will note that the use of twelve background
variables for classification of experimental subjects on final
examination performance (Table 4) was only‘slightly.more

accurate than the classifications using the three best



23

predictor variables (Table 8). For relatively rough screening
and predictions on final examination performance it would
appear that this reduced set of variables, representing con-
siderable savings in testing times, and calculations would be
qguite satisfactopy; we find the same variables pccuring as
best predictors in other weekly posttest analyses which will

" be discussed in detail later.

Weekly.Posttest Comparisons

The samples of scores for the last seven weeks come from
the experimental subjects only and the variables are total
correcf and log confidence averzges on both media relevant and
media non-relevant items. The analvses consist of step-wise
regression each week, one-way znzlwses ¢f variance with weeks
as the tfeatment, randomized blcck desizns (with weeks as
blocks and media as treatmerti:s! =zn2 cnz-way analyses of Vafi—
ance with media as the £reat:e::. Zach will be discussed
geparately even though some anzlyses are closely related in

=<

'ratioqale and results.

Regression Analyses

For each week and'for each of the two variables, tota;
correct and average log confi@ence score, a linear regression
analysis was conducted to find the beét set of prédictors
(among the 12 background variables) of performance for each
weék. The maéhematical model used is the one proposed by
Draper and Smith (1966) and has assumptions §f‘homogeneity
of variance, linearity, and normality of the_error distribu-~

tions. The analyses were conducted using the BMDN2R computer
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program,

A summary of the results of these énalyses along with the
multiple R values for each is given in Table 1l4. The analyses
were conducted on the set of 77 experimental subjects who had
complete data on both variables each week. >The value F = 3.0
was used for both inclusion and exclusion concerning the 12
variables. (See Draper and Smith (1966), for explanations and
discussions of the multiple regression technique).

Multiple R is used as an indicator of how good the pre-
dictions of performance would be if one used the variables re-
sulting from the analysis. A value close to 1 is most desirable.

From Table 14vit is apparent that'some of the same vari-
ables occur again and again as best predictors of weekly per-
formance and include the same best predictors in general as
were found for predicting final exam performance in the Dis-
criminant Analysis section. 'The most common is QPR which.
occurs in 10 out of 14 analyées as a best predictor. It occurs
five,times as the best single predictor. It is worthy of note
that SAT (V) -and M-F occur several times but dia not occur as
predictors of final exam performance ‘and that High School
Rank,did not occﬁr for any week and SAT (M) occurred in only
one week and “=- ~ * variable only." ”

If one wer: p. :ssed to pick a best single predictor of
performance on wegékly posttests; he could probabiy do no
better than to pick QPR and this would agree with the general
findings ofvotﬁer researchers using similar performance

criteria. This should be cautiously done, however, since
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Table 14 shows that the percentage of total variance accounted
for using all the best predictors range from 9.6% (.312) to
33.6% (.582) with the best variance propdrtion for QPR alone
being 21.2% (.462).

| These low percentage values indicate that using QPR
alone will not yield very accurate predictions of performance
even though under the circumstances it is the best from an
empirical and theoretical standpoint. In'other words, even

the best predictor of performance is a poor one.

One-Way ANOVAS (Weeks as Treatments)

The basic assumptibns for this set of analyses is that the
éémples are indepently drawn frcn treatment population which
are normally distributed with sguzl wvariances. Since each week
consisted éenerally of the sz2me zrcun ¢ subjects, there is.a
serious gquestion of sémple infzszeniancs. HoWever,;if one is
willing_to assume that the weeXlv samplies, representing, as
they do, different subject matter, are, for all practical
'purpbdes independent, then, this relatively important assum-
tion can at least be listed as "questionable". ( See Hicks
(1964) for details of assumptions and procedure). Alter-
natiVe procedures which do offset some of these assumptions
yielded the same general findings.

The iteme »n which the scores aré given consist of two
types

1. Media: Relevant items which are specifically designed.

to measure achievement of the Terminal Objectives in the
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caur: »)r which parallel media were designed. Those items
ar’ - -ented in Technical Report 5,.,3: Test Item Bank, along
with atistical description of them. They are related to
the » :i.. al Objectives in Technical Report 5.5: Revision

Prowess c>cumentation. The rationale for selection of the

spec 0's is-presented in Technical Report 4.9: Design
for wzlection of Strategies and Media. There was a total
of ¢ r media relevant items spread across the fourteen
weeks the semester.

2. '+ ..z non-Relevant items which are specifically designed
to me’ = achievement of TO's on which no parallel media wers

devel® =%, The instruction scurces For these.items were the
textier. =, Study Guides, lect:ras, amd laboratories.

Bsinrh sets of items represent subject matter which changes
on @& W w#ly basis. T;bles 15 through 20, as explained later,

shmw ~.2&= the weeks are diffzrent, probably because some of

(h

tie= - ics are more difficult.

."The one-way analyses ware conducted on these itém types
séparately as Qell as pooled’and BMDO1lV was used to conduét
these analyses. Sample sizes in these and subsequent analyses
vary. due to class attendance differences. .

Tables 15 and 16 éhow the results of the one-way analyses
with weeks as treatments using scores only on the'media re- |
levan' items. | |

%@xaes‘l7 and 18 show the results of the one~-way analyses
using scores only on the media nonrelevant items whi;e t abdees

19 and 20 show the results for the pooled items scores.
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The: results showm in Tamles 15 thromgh 20 imply that weeks
are differsent iz mean score w: - m=asured on total correct and
log confidemmre =werage using meetm relevant or nonrelevant
items as weill as pooled items .
Randomized Block Design Analyw:- i:

If one cmn aésume that wecks can be treated as internally
homogeneous blocks and media ©an e Gefimed as treatments,
then the scares within each m:ﬁia<groﬁp can be defined as
observations of a randomized block design. The purpose here
is to test for equaliﬁy of the madia means with the re-
striction on randomization beinc the weeks. The basic idea
is to offset the effect, in comparing media, that weeks are
different. The BMDO5V program was used for this analysis
to handle the unequal sample sizes in the cells. (Hicks,
(1964) , gives a detailed discussion of this statistical
technique). | |

Table 21 shows the results of this analysis for total
correct over all items (both media relevant and media non-
relevaﬁt). Table 22 shows the results for log confidence
average for the same items. The assumptions are basically the
same. as for the one-way ANOVAS in thejpreceding section:

Of note is ithe significance between.media means when
weeks are deffmed as a resiriction on randomization. The im-
*plication is it the medi& are different when éompafed'with--

ir a week, knowifiyg ¥mt weeks are different.

Ane-Way Analyses (Media as Treatmemts)

These an=ly®es and their assumotimars are bagically
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#emrical to thaose above wi - weeks as “redtments with =he w=x-
e that thkz= media now ars being defined as tyeatmerrs.
e x~dependencz assumptiomn is slightly =asier to make #m tHese
wmmdy es since each media zroup is compm=sd of differemit muwrb—
FecTE.

“fables 23 =nd 24 show the resmlts Zmr media relevemnt
“hemss, Tables 2= and 26 fo— media nonrelwmvant and Tshls=z I7
mn: 2% for poalsc items over all weeks.

#nalyses iderzical to those in Tarires 27 and ZB were oom—
agrmrEed within sac of the weeks I thrrvsgh 0; Tables 29 whromgh
£I =mww the result= of thlkese analyses ' or both varizbless on
prriled items.

It is worthy of note:r tizrat only FFo- week L does the m=dia
@oew wp as significamt wher=as when weeeks is taken as a re-
striction oi_x randomizaticon &3 in the rzndomized block &esigm,

#mediia shows mwp as signiFficant.

Timal Examination

“The final examination in the course consisted of a 60-item
teest wontaining four 15-item.subtests. The snbtests were com—
posed of constructed resgmmse j;:tems selected by two graups of
imstrmctors, and, multipl=-choice items select=d by two groups
Qff fwstructors.

There were iree bas=uur questions to be tested on the final
exgmiwation: |

. Will experimemtal group mean performance exceed con—
trol qmbup mean peerioomemilar on -Ehe total test?

2., Will e&dfteer of Dmese two groups: div better om wmmltipile

choice items thanon comstrmcted response Tiems?
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3. Will the variamce . theo experimental group be sig-
nificantly smaller than t+iux varZance of the control group?
(The reasons for asking czssiticm= one and three are fullyr ex-
plained'in TR 4.9: Design for S=lection af Strategies amd
Media).

Table 43 preéents i memmms and variances for the thmree
major groups taking the Ziimal wwmmination (experimental gwoup,
big control group, and pr=- ¥msw control group). Table 44
presents the t-test compar.szns and planned variance test
comparisons on the final e:zs=imation.

On the total test, whkille the mean of the experimental
group was higher than that =f =he control group, it was mot
significantly so. On the to*=i" test, the experimental gmmup
answered constructed respoms=: Items about as well as i£ am-—
swered multiple choice ite=s=. This ¢ondition did not obtain
for the big control groﬁp, w=ich answered multiple choice
items significantly bétter-;p<-01)-

.Tﬁe va;iance'test between the big control group and the
experimental group indicateﬁ.that.the experimental group |
variance was significantly smaller (p<.0l) than was the vari-

. ance of thé control group.

Audiovisual - Non—audidvismai‘Cmmgarisons
For.these‘comparisonsﬁﬁmmaa-experimental groups, Autiio-
vi;ual, Talking Book, and ITm=trated Book were pooled t form
.the "AV groups". The other Tomr ex@erimemtal groups, Study
Guide, Lecture Demonstration, Lecture, and'sgudent Optimm were

- pooled to form the "non-AV groups”. TFor each week t-tests
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were conducted to test the eqgmality o  =amans for AV <2 non—AV
pooled groups on mew.z ralevant items: om’y. The seve:: Weekly
results are siwown im Takiles _45 amcd 46 Ior both total zmrrect
and mean log monfidemce scores. ‘FFfhe wom=]l scores, timer is
total media r=levamr items for all ¥ groups were tez=r=d
against total media relevant items fo- =l1i non-AV grmumss.
Since, in this cam=e each subject was in all of the cond:tions.
the resulting t-t=st has each subject as his own contrcil. Th=
results of this amalysis are shown ir Takle 46, for mezmx log
.comfidence scores omly. The super:zo-ity of the non-AV groups
Seem clear.

Two of the criteria for selectfmz terminal objectiwes For
which parallel media sequenceslwouﬁ e dexvelc;ped wer= the
difficulty of the concept, énd, the ~2l=tiwe dependency of thke
concept mn .visualizeﬂ motion Zor e tective learming. A sub—
set of media relewamt items was s_mcifically desigmed to coe—
pare motfon-depemdent versus motimm—imdepemdent TO's., Anotizer
subset of test itwems was designed to compare diffzmls .and
non-—difficuit mediz= relevant TO's.. '

In both cases, maotion dependeEncy amd HfficeTty, it was
expected that the merallel media grmmps womld hase: smerior

P

performance: mm thmse specific tes# Ftemws. In neftier—case was

this prediction sufstamtiated by the daita {both #%g < = B...

Correlatiom=l Deszwription of Variablsss

A correlational description of <iginteen variahles wsed

1 ° .
“See T.R. 4.9: Design for Selectimm of Strategies amd Medis
for Elaborzttﬁnn,, p. 25.
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in the p¥v tedimg analys=s is given in Table 47.

The ¥®ariables are SAT (M), QPR, Physics Validatimom, final
examinat—ms score and totel correct and log confidence average
for each #¥: the last sever weeks. -On_ly those subjects which
had complzs:te data in all s=ven weeks (N = 77) were used.

Even though this ce=cription is not inferential it does
point out ttfme relative. high correlation .bei:ween *he total
correct ans the log caonZidence each week. The implicaticm is
that both =coring systems ramk subjects in a very similar
manner on merformance.

The cwrrelational daxz=s presented in Table Z7 @nd 47a were
co¥lected for two principzl Teasons: to investigate the re—
YXationahip etween background variable scores and performance
in the romrs=, and, to olxtzmim &an estimate of the inter-re-
latiowshims betwse . performamre measureé, testing procedmres,

 procedumres. Takile 47a presents a differemt mix of

variablies (thamdimes Table 47) and, adds two

am:lm:mual performmmce vari=ples, total media relevamt ‘st
score, :amd total pmsttestrscor.é. Of particular interest is the
mellztivelly low correlaticm, .25 between experimental groums
fimm! exmmination gerfbrmam:c.e and total posttest performammce.-
Study Gubmnse Amalysis ‘ |

Tabise= 52 @and 53 present the summarized data for the
Study Guide Z&mam:ym. Simse thHe étudy Guide was the primeipad
orgenizing feature of the .mmirse, a special amalysis was

wade of stmdent performanc=:.on the Stmdy Guides. First,

-
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it was desired to know whether student learning occured as
a result of usimg the Study Guides.

Phvwsiics guestions wer=s pressated@ to.the student and he
was asked to imdicate his ansver Dy marking a wet-to-reweal
amswer sheec. If his first choice was correct, he was
directed to the next problem. TIf he was wmn.—gf,V he was
directed to & page with a remedi=l. He was then asked to
answer the omestiom carrectly. If he was right, he was sent
to the ne=xt prablem; if wrong, he was sent to another
remedial. K= conld miss each question a maximum of three
times.

If pnr= chance mfe/o}pmtiﬁg, the distribution should
be as follows:

25% ansver correctly om ‘the Fimst trial

3 1/3% af those remainfing would answer correctly
on tthe seeond trial

50% of those remaining wauld mnswer correctly
on the thilird trial

100% wouls have answered corrssctly afiter the
v, Tourth txdal

Chi-Squares with these theoretiwal frequencies were
calonlated for each of the volmmes A through O. The results
o‘,f these Chi Sguares are presanted im Table 53. As can be
ffen, each of tke Woluites had Chi Bmuares sufficiently high
to refect the chemice mst:rlbutmm hypothesis at well beyomd the
.01 level confiidence. Learming was clemrly demanstrated.
Whenn wolumne N was compared to the ing_ ébl'umes

pouiled, in @m attempt to see if the diFferemt format of
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volume N produced better results than the format for the re-
maining volumes, the Chi-Square vzlue was 8.34, which fails
to reach the established alpha level for a one-tail test.
Analysis of Table 52 revéals that Volume N might be slightly
inferior, in that all wolumes pooled had a .6 proportion
passing for the three punch colwrm, while volume N had only a

.5 proportion passing.

Learning Category, Confideﬁce, and Difficulty Ratings

When the project began, both Bloom and.Gagné concept-~
ualizations of hierarchical orders of learning were analyzed
to attempt to fit instzuction appropriately to the categories.
Fimkel (1969) conclude& that the imstruction in the physics
course was at fthe hicghest level inm each of the-systems men-
doned. It was, therefore, decided that levels of problem
@ifficulty, as rat=d by physicisits, would be substituted for
tthe hierarchies ofﬁleémmimg. |

The classification of questions was donévéccording to
the following scheme:

Leanminé Category (See examples im Appendix B)

0: Recogmitiom of principles and recall of
facts; smmstitution in formulas

l: Substitution into amd selving of single
step ‘prohilems

2: Solvimg of multiple step problems
3: The @@ﬁhefmtcategomy ¥nto which questions
. were: classified when they did not fit the
other three categories.
Table 50 pégésmts the intercoxmwelations, means, standard

. deviations, and N"s for all test item rating data and



performance (mean proportion correct). Column 1 is mean
proportion correct for the pooled experimental groups.
Columns 2 and 3 are the faculty's item difficulty ratings in
math and physics respectively. Column 4 is mean student
recorded confidence, and column 5 is theé students' mean
difficulty rating. Column 6 is Learning Category, as
described above.

~ Correlations bétween ratings and performance should,
typically, be negative. The rating scales used make rated
difficulty increase on five-point scales with 5 being most
difficult. It was expected that a higher correlation between
learning categéry and performance would have been found.
While both students and facul:iy agree on the apparent
difficulty of the test items, and, the relationships between
learning category and the ratings are consistent and
significant, (for 95 df; r for the .05 level is .17 and for
the .01 level is .24), learning category and performance are
not significantly related.

Table Si Presents the proportion passing test items of
each learning category for the experimental groups and the
pre-post control group. Generally, the proportion passing
decreases as the nominal learning category increases, if one
" excludes category 3, the "ofher" category. The critical test
is in the compariéon.of the pooled experimental groups and
the pre—post‘control on media-relevant items. The per-

formances are clearly not significantly different, and, even

33
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if they were, it is hard to imagine how such small differences
would be important for decision making.

Both the pooled experimental and the pre-post control
groups had higher proportions passing on media-relevant items
than on non-relevant items, which might indicate that the .
media-relevant itéms were eésier. Since the pre-post
control did as well as the pooled experimental groups, and
did not have the benefit of the media, an item difficulty
differential appears reasonable, if it were not for the fact
that the mean log confidence scores for both kinds of items
shows a difference in the opposite direction. CqQrrelational
data (Table 47) indicate a high relationship between prqportion

correct and mean log confidence.
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AnAalysis of Preference Nata

Preference data were collected for two reasons: To find
out which experimental conditions students preferred in general,
and to obtain data on which revision decisions could be made.

A thirteen item checklist was developed fo; each media
grdup. Each item.was rated by the students on a five-point
scale from "highly favorable" to "highly unfavorable". Ten of
the thirteen items provided the student the chance to give
a favorable or unfavorable reaction to the specific experi-
mental condition and three items were designed specifically
to check on unique features of each of the conditions. The
three specific items wére intended for revision purposes of
the media, and were not classifiable as favorable or
unfavorable.

The checklists were administered by the proctors in the
various teaching areas on Monday of each of the laét seven
weeks of the semester. Each week, the students rated the
-exPe;%mental condition of the previous week.

Two separate analyses of the data were performed. First,
ratings of all students,wére tallied for each of the
éxperimental conditions across all seven weeks. These
ratings were then combined across questionnaire items into
one overall total for each of the experimental conditions.
Table 48 presents the percentage of students, combined-
across weeks and items, in each of the experimental condi~

tions responding to each choice on the five-point scale.
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The choices have been ordered from favorable £o unfavorable,
even though the scales were alternately reversed on the
actual questionnaire to prevent positioh responding.

Two rank orderings were made of this data. First,
columns 1 and 2 were combined into a single "favorable" pro-
portion. Then, responses 4 and 5 were combined into a
single,"unfavorable" proportion. The result is a ranking of
the experimental conditions in terms.of "most favorable" to
"least favorable" and a second ranking in terms of a "least
unfavorable" to a "most unfavorable" order. Neutral responses
were also ranked with the lowest proportion being assigned
a rank of "1".

Tables 48 and 49 present the proportions of students
responding by combined categoriés, the ranking of these pro-
portions, and the rank ordering of time data.

The means and sFandard deviations were calculated for
"favorable," "unfavorable" and "neutral" responses. The
mean [for favorable responses was .39 with a standard devia-
tion of .084, unfavorable .19 and .053, and neutral .37
and .033.

The "Lecture" and "Student Option" conditions were
essentially tied and were both more than one standard devia-

" tion above the mean, while the Lecture Demonstration condi-
tion was one stan@ard deviation below the mean. These
descriptions’apply both to the favorable and to the

unfavorable rankings.,
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The time data show a mean time in media of 171 minutes
per week with a standard deviation of 61 minutes. Lecture
and Student Option are essentially tied for the top rank and
‘are both one standard deviation below.mean time.

The rank correlation between time and b;éference data is
.87, which allows rejection of the null hypothesis (rho = 0)
at the .02 level.

The reported times indicated the amount of time acﬁuélly
spent by the student in the assigned rooms whefe each of the
experimental conditions was applied. It was not required that
students spend an equal amount of time on each of the experi-
mental conditions.' Specifically, no time was required of
students under the "Student Option" condition. The times
reéorted under student option indicate ﬁow much time these
students spent in the experimental rooms when they were not

required to do so.
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V. DISCUSSION

The Effectiveness Report (Technical Report 5.6) describes
the conclusions reached about overall course effectiveness.
Generally, the conclusion was that the ghlti—media course was
_at least as effective, and probably more effective, than the
traditional course. The basis for the claim that the course
is as good as the traditional ¢ourse is.fhe virtual equality of
controi group and combined experimental mean scores on the final
examination (Tables 43 and 44). The basis for the claim that
the multi-media course is moré effective lies in the significantly
smaller variance of the experimental groups, as presented in
Table 44. -

Further}students tend to prefer the Student Option formaﬁ
of the course, the formatlrecommended for final course implementa-
tion in the Managemént Systems ‘Report (Technical Report 5.4) on
an equal basis‘with the lecture. Table 49 presents the rank
orderings of the preference data. Notice ﬁarticularly that thé
studené oétion.and the lecture conditions are about eQual in
their preference rafings thle the "LSG" condition (Lecture
Demonstraﬁion) is least preférred. The definition Of"traai-
tionai" instruction must include bofh Lecture and Lecture
Demonstration. It is felt that there is é good loéical basis for
pooling the ratings for the lecture demonstration and lecture
conditioﬁs to make a more thorough analysis of-the preference

data. No other experimental conditions can reasonably be

pooled with the Student Option for preference purposes.
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If one pools the Lecture and Lecture Demonstration Conditions,
it seems clear that the Student Option conaition is clearly pre-
ferred. While it is conceptually reasonable to pool Lecture
and Lecture/Demonstration, these combinations were not specified
2 priori and must be interpreted with considef;;ie caution.
.(Data from the Spring and Fall of 1970 tend to indicate that
there is a definate preference for Student Option over all other
conditions. These data will be reported in detail in a supple-
mént to this report as réquired by the contract modification of
January 1971.)

Tables 23 and 24 present the data summaries and ANOVAS
for the media relevant posttest items. These items, 30 in
total, were selected before the beginnihg of the experiment to
permit direct_comparisons to be made among the various experi—
mental treatments. These analyses were performed both on pro-
portion correct and mean lég confidence scores (see Technical
Report 4.7, p. 28, for a discussioh of_the_log confidence
scoring,system used). - The F ratios for both log confidence and
proportioﬁ'corfect were not sufficiently high to merit rejec-
tion of the null hypothesis. No evidence was found that the
experimental conditions used were effective in producing differ-
enti§1 performance. A further comparison was also designéd, that
of combining all fparallel media" groups iﬁto an audiovisual (AV)
condition and the remaining exéerimental groups into a non-

audiovisual (non-AV) condition. Each week, t-tests were made

comparing the AV and non-AV conditions. Table 45 presents the
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data on all of those t-tasts conducted, with only one of 14
showing significance at even the .05 level of confidence.
These same media related items were further sub-divided into
the media selection rationale categories described in the
Design for Selection of Strategies and Media, Technical
-Report 4.9, p. 25. When the course objectives were written
they were classified by the physicists as generally difficult,
specifically difficult at the Naval Academy, and motion-
i&kpendent; There was a total of 158 terminal objectives, 27
df which were supplemented by the parallel media. One concern
was to find out whether the students performed better on motiqn—
dependent items when they had been instructed with videotapes.
Further, the distinction could be-nade between motion-dependent
difficult and motion-dependent non-difficult items. No
significant differences were found in the comparisons between
motion-dependent and motion—ind erendent items, motion- dependent
difficult and motion-dependent non-difficult items, motion-
'indepenaent'difficult and motion—fndependent non-difficult items.
While it is not surprising to find these results at the
college level with a group of hlghly selected students, (Table 3
shows the SAT Verbal and Math scores for the experimental
groups; .the means for both math and verbal scores are above
the 75th percentile of high school seniors who later enter
col;ege), it was feht that the techniques used for selection of
the media woula be effective in adding to the performance of

students who used them. Regardless of the way that the data
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was:=zamined, it was not possible to discern any differential
effe=t= attributasble to media. This stateﬁent is true,
wheftmer one maintains the integrity of a priori planned com-
parisons, or, does repeated ad -hoc analyses by pooling groups
on numerous bases in an attempt to tease out ;;;ults.

When one examines student performance under all the

experimental conditions emplayed in this tryout, it is difficult

to fimd a basis For recommending the inclusion of specific

audivari=ma]l mat=rials in.thé physics course. Apparently, the
critira¥ studemi responses, as viewed by physicists,aré. ‘
assor=zt=d with problem wmorking, as evidenced both by the
final esmmminatiom @and the weekly posttests. Audiovisual (non-
print m=dia do mot seem to improve tie level of performance
on these kinds of tests.

2melysis of the preference data adds little to the basis
for recwﬁmendimg-amﬂiovisuél meaia. The students said they

prefierred the T=ctmre and Student Optiqn'cqnditions and that they

© did not.like the Lecture Demonstration condition. When

questioned aboﬁt this apparent discrepancy in preferences, a»
student explained simply: - "The lecturer explains how to work
problems éimilaf to the ones which will be on the test; If I
have to sit through a demonstration, then I don't learn how
to work the probiemsl

"Under the Student Option condition, I can go tc class if
I want-to, or, if I don'f, i can learn howlto work the préblems

from the other materials.ﬁ



These results specificaeTlly led to the emphasis on the
print media in the final versfion of the course. The Study
. Guides used in the Fall of 1969 were completely redesigned and
revised on the basis of datm collected during this tryout.
These data ana revisions ame xm=morted in Technical Report 5.5 :
Revision Process Documentattimm, particularly the discussion
.on p. 17ff.
Correlational Data

Table 47 presents the Imter=correlations of the back-

ground variables and the performmmce variables. Each weekly
posttest used the valid confirdence scoring system deécribed in
Technical Report 4.7.. The purpose of the valid confidence
scoring system is to increase reliability of the.test by asking
a student to indicate his subjective probability of being

- correct on any test item. Columns 5 through 18 show the corre-

lation between the weékly tot=1 correct scores ‘' and the confi?
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dence modified scores: week I, r = .98; week J, .88; week, .98,

‘and so on.

These extfemely high corre¥aiions between the confidence

modified scores and the total cnnnnct;smorés would not seem to

be a convincing argument for the addition of confidence modified

scores to the simpler total correct scoring procedure. More
cleriéal operations are required to cbnvert the scores to the
confidence scores; ahd, in addition, students are required to
indicate their answer to ﬁheAQuestion as well as an estimate of

subjective.probability. Further, students typically resiéted.
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the confidence approach until it was explained to them that
they would receive no credf= unless they complied.

Tables 21 :and 22 presemt the results of the remdeminmed
block analysis. Significamt media and weeks effects§ mr—e Found
on both reéponselmeasures, with log confidenuy® achimvimg the
-established alpha level. The results are dif=-cult +o
interpret, since only one wf the weeks analyzed separmtely
achiewed even the .05 lewael. Tt &= further @ifTicuit to see
- haw medlia (experimental comditioms) could hawe been a sign#fi-
cant spurce of wariation onm total test items. (This anadysis
was performed using themtotal of media relevant and media non~
‘"relevant items.) Tables 35 and 36 present data for week L,
and both log confidence and totzl ccrrect reach the .05 level.

Slnce this is the only week achieving th

(0

.05 level and, in
light of the extremely hlgh correiziicm cetueen total correct
" and mean log confidence (Tahle t7), T is difficult to immsyine
how. further attempts to intexpret thess results would be Frmitful.
Whl}e the concept of learnlng category was not4useful in
this tryout in dlscrlmlnatlng among students and klnds of test
items, the contractor still views it as: potentially useful for
coufse development. The small number of items on which the
appropriate c;assificationsbcouid be made may have had some
bearing on the results. Furtﬁer, because of the time constraint
of the testing situation, it was not possible to control for
the amount of time spent on each question or to‘specify in

advance how much time should be allocated.
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Further inmestigaiion'should occur in this area. Students
appear to answer media relevant a@and media non-relevant items
with equal facility (Table 53), Independent of learning category
(M==m log confidence for media =elevant was 70.93, and for
media nom-Trelewant was 71.90). Perhaps experience with the
‘Ivems alome is enough to mask any differences that may exist,
regardk®ss of the type of instruction given. There appears to
be no @ignificanf difference in the variances.

Why there shomld be.thé discrepancy in mean log confidence
scores @nd proportion correct scores is uncléar. Further
‘investigation of this inconéistency is probably worthwhile in
order to develop a neliable learning category classiﬁication
system For physicsthDblemé.

It was mot the purpose of the Fall 1969 tryout to arramge
experimental conditions which would produce statistically
significant diffewrences. Rather, the purpose was to gather
data which womld be useful in revising the .course to make it
more appropriate for student-paced use. Procedurally, the
kinds of data COilected must be relatively inexpensive .and
require minimﬁm time. Successive iterations of the course ame
‘nt 1ikely to impmee‘student performance if Such datggcannot:be
used for purposes of revision.

Tt is one purpose 6f the course to .increase mean student
perfoﬁmance and reducehfhe variation in group performance. To

that end., an examination of Table 44 indicates that progress was
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made. While the difference hetween means favored the experi-
mental groups, the differencs was not statistically sigmificant.

Not unexpectedly, all mxperimental groups did as well on those
Fimal Examination questions requiring constructed response
answers as they did on the mmltiple-choice questions. This
‘was Mot trme of the control groums, even though no correction
for guessimyg was made.

The experimental conditions were all apparently equally
effective in heamhing;students the required criterion behavior.
It should be noted, hmwévef, that the criteria were based on a
highly limited range of responsas: the working of Physics
'problems. This conclusion seens warranted, regardless of whether
one uses the norm-referemced Final Ex=mination, or the
criterion-réferenmaﬂ total pestiest ssores. In the special
case.of'the mediza—rel:ated test it=nms, The non-audiovisual
groups did significantly Setter im total performance;

If one considers the performiance data in light of the
préferenFe data, it appears that students ére concerned with
those ex;erimental conditions whiich take the least time and
which aré most directly reiated to the content of the tésts.
For.example, the L/SG condition was considerably less attractive
to the students than was the sffaight Lecture (L) group. Con-
ceivably, while .the demonstraﬁion may have been interesting,
the‘étudents viewed it as having no relationship to the
importaht criteria of the course, namely, the working of

PhysiCS problems. While the inadequacy of such criteria has
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been discussed more fully elsewhere (Branson, 1970) they are,
nevertheless, widely uéed.

The preference of the SO condition may be attributable to
the small amount of time actually prescribed for the students
during those weeks. That is, if the lecturer is willing to
"show the student how to work prablems, he is willing to listen.
However, if one burdens the studient with demonstrations, Audio-
visual presentations, etc., the student seems much more willing
to do it himself.

Regardless of the:intérgromp comparisons, the data collected
are quite interestimg. Each Termiral Objective was treated-in
a variety of ways: im the Study &rifes, textbooks, and the‘
lectures. The criterimn—réfere::si *=st items used to measure
the behavior were evalmated by the faculty along a number of
dimeﬁsions: apprOpriatanesé to the TO fcontent validity),
difficulty in Mathematics., difficuliz iIn Physics.

These ratings are extremely valuzble in providing a
:méthodclpgy by.which'a.faculty member can, a priori, determine
<the levei at which his course is taught. Provided that one is
willing to accept final performance of the students as an indica-
tion of the level of sophiistication of the course, the degree
to which.tthis can be specified.in advance is a good indicator of
the course "level." |

‘If, on the other hand, it is necessary to wait until after
the results are'in to specify the level, it appeérs that the

students, not the faculty, decide what performance is acceptable,
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particularly, if the grades in the course are assigned on any
"normal" cufve basis.

dur results indicate that the faculty and students are
equally acéurate in predicting sfudent performance on the basis
of difficulty ratihgs. Faculty correlations were -.43 and -.61
between performance and difficulty, while students' difficulty
and performance correlated -.59.

This procedure for establishing course difficulty level
appears imminently more desirable than a method which uses
ad hoc student performance to determine which test items should
be retained and discarded. The results indicated a significant
"weeks" effect, from which we inferred that weeks were not
equally .difficult. Physicists confronted with this data claimed
' to have kndwn all along that scme topics were indeed more
difficult than'oﬁhers, as is virtually always the case in
academic subjects.' -

| The fact that the faculty could predict, with reasonable
prec151on, the level of dlfflculty of the test items, and, thus,
control this level of difficulty, transfers the responsibility
of course level determination to the faculty.

The étud§ Guide results were 6f great general interest.
While the "Linear-Branching" programmed instruétion controversy
has been dead for many years, it appeared reasonable in this
coursé to offer specific.remedial frames, to which the student
was looped, when he failed to answer correctly on the first
attempt. Fhrther that more specific remedials would be more

effectlve than general remedials. Volume N had general"



remedials. That is, the remedial was simply a presentation of
the correct way to work the problem. The femainder of the
course used specific remedials. That is, each problem was
analyzed. and the most likely, common, and probable errors were
selected for .elaboration. The students were shown why they
were wrong, not how to do the problem correctly.
If a remedial is effective, it ought to reduce the probability
of error on the subsequent attempts at fhe answer., Thus, if
a student has missed the correct answer on the first trial and
is given a remedial, he ought to have a bétter chance to be
right on the second attempt than someone not receiving the
specific remedial. | . 0T
On the basis of this data, it was decided not to include-
specific remedials dealing with student errors in subsequent
versions of the course. Course developers would concentrate on
a more careful descriptionhof the correct way of workihg the
problems.
Finally, the very low correlation between the performance
of studenés oﬁ'the total of- 159 criterion-referenced items and
the 60 item norm—reﬁerenced Final is encouraging. Professors'
judgment of performance on criterion-referenced items (—.43, -.61)
is a better indicator of final score ohAthese items than-is total
student performance on horm—feferenced.items (.25) used as a
érédiétor. Since the posttest items had been carefully
screened for content validity,prior to their inclusibn on the

fest, and had been judged according to their expected level of
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difficulty, it was pnssible to make a more accurate determina-
tion of the actual course level of difficulty than would othér—
wise have been possible.

Subseéuent versions of the course can use the Test Item
Bank in a pretest form and establish a baseline of student
‘performance, having available paét performance on the same items
as a comparison. It is important to note here that professor
judgment, tempered by past experience, is the critical element
in developing the criteridﬁ measures. Student performance alone
is not used. Conseduently, test items are not discarded when a
large proportion of students answeré them correctly. They are
discarded when they afe rated and judged inappropriate by
the faculty.

The results of the Fall 1969 tryout demonstrated to the
Physics' facuity that the methcd of instruction was not the
critical element in student performance, an acéomplishment.of
'somé magnitude. Further, that students could, when provided
with the necessary instruction and materiéls, achieve good
results on their bwn. And finélly, that if data is collected
systematically and used to re&ise the course components,

improvements can be made at each successive iteration.
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TABLE 1
MEAN SCORES BY PERFORMANCE GROUP

(Control Group Subjects on Final Exam)

GROUP
T 2 3
(Low) (Med) . (High)

SAMPLE SIZE 58 54 54
1 SAT (V) 559.67 582.76 599,35
2 SAT (M) 642.59 660.29 . 691.11
3 H.S. Rank 522.05 562.54 582.41
4 Whole Man 57185.74 58048.43 60427.98
5 QPR 220.50 257.722 312.22
6 NAV 44.55 45.07 42.91
7 ACH 49.98 51,96 50.00
8 M-F 51.95 52.20 52.07
9 ocL 54.98 55.59 56.69
10 SIN . 44.97 44.70 47.11
11 SPL 39,69 40.30 - 38,41
12 PHYS. Val. 21.88 © 28.15 - 30.22

TABLE 2.

DISCRIMINANT ANALYSIS CLASSIFICATION CHECK MATRIX FOR FINAL EXAM

(Control Group Subjects on 12 Variables)

CLASSIFIED GROUP

ACTUAL GROUP 1 (Low) 2 (Med) 3 (High) SAMPLE SIZE
1 (Low) 44 o - 3 58
2 (Med) . 15 27 12 54

3 (High) 3 : 14 37 54 L




TABLE 3
MEAN SCORES BY PERFORMANCE GROUP

(Experimental Group Subjects on Final Exam)

GROUP
1 . 2 3
{Low) (Med) (High)
SAMPLE SIZE 42 | _ 47 40
1 586.83 o 564.28 607.88
2 665.57 666.28 693.40
3 556.57 : 573.43 600.63
4 57775.85 59709.04 59814.03
5 234.76 282.36 316.45
6 45.02 . 44.19 _ 47.60
7 50.00 46.94 51.98
8 50.52 53.79 53.35
9 55.67 52.79 - 58.40 .
10 45.07 47.64 45.65
11 38.36 35.09 - 39.40
12 24.71 ' 24.62 £ 31.45
“ .
~ TABLE 4

DISCRIMINANT ANALYSIS CLASSIFICATION CHECK MATRIX FOR FINAL EXAM

(Experimental Grbup Subjects on.12 Variables)

CLASSIFIED GROUP

ACTUAL- GROUP 1 (Low) 2 (Med) 3 (High) SAMPLE SIZE
1 (Low) 28 ' 9 5 42
2 (Med) 10 .32 - ' 47

3 (High) 3 ST 30 40
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TABLE 5
MEAN SCORES BY PERFORMANCE GROUP -

(Control Group Subjects on Final Exam)

GROUP
1 2 3
(Low) (Med) (High)
SAMPLE SIZE 58 58 54
1 SAT (M) 642.58 660.29 691.11
2 OPR 220.50 257.72 . 312.22
3 pHYS. val. 21.88 28.15 30.22
TABLE 6

DISCRIMINANT ANALYSIS CLASSIFICATION CHECK MATRIX FOR FINAL EXAM

° (Control Group Subjects on 3 Variables)

CLASSIFIED GROUP

ACTUAL GROUP 1 (Low) 2 (Med) 3 (High) SAMPLE SIZE
1 (Low) a5 ' 6 -7 58
2 (Med) 17 22 15 54

3 (High) 4 10 40 _ 54
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TABLE 7
MEAN SCORES BY PERFORMANCE GROUP

(Experimental Group Subjects on Final Exam)

GROUP
1 2 3
(Low) (Med) (High)
SAMPLE SIZE : 42 47 40
1 SAT (M) 665.57 666.28 . 693.40
2 QPR . 234.76 282.36 316.45
3 PHYS. Val. 24.71 24.62 31.45
TABLE 8

DISCRIMINANT ANALYSIS CLASSIFICATION CHECK MATRIX FOR FINAL EXAM

(Experimental Group Subjects on 3 Variabies)

CLASSIFIED GROUP

ACTUAL GROUP 1 (Low) 2 (Med) 3 (High) SAMPLE SIZE
1 (Low) - 27 12 . 3 42
2 (Med) 12 24 S 11 47

3 (High) 5 10 25 40




TABLE 9

MEAN SCORES BY PERFORMANCE GROUP

(week J, log confidence, 12 Variables)

GROUP
1 2 3
(Low) (Med) (High)
SAMPLE SIZE 34 51 43
1 595.79 586.65 573.72
2 666.44 680.00 674.21
3 580.88 577.45 - 575.05
4 58641.68 59361. 80 59346.07
5 254.50 278.96 293,23
6 43.68 47.80 44.16
.7 48.35 50.80 48.65
8 50.71 52.49 54.02
9 54.29 57.06 54.35
10 51.06 43.55 45.88
11 35.88 38.49 37.44
12 25.82 27.27 26.91
“ TABLE 10
- DISCRIMINANT ANALYSIS CLASSIFICATION CHECK MATRIX
(wveek J. log COhfidencé, 12 Variables)
CLASSIFIED GROUP
ACTUAL GROUP 1 (low) 2 (Med) 3 (High) SAMPLE SIZE
1 (Low) 23 6 5 34
2 (Med) 12 24 15 51
3 (High) 6 11 26 43
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TABLE 11

MEAN SCORES BY PERFORMANCE GROUP

(week N, log confidence, 12 Variables)

56

GROUP

1 2 3

(Low) (Med) (High)
SAMPLE SIZE 32 42 39
1 596.28 572.26 593, 30
2 670.71 685.78 . 648.53
3 578.90 542,28 587.69
4 58892.12 58016.88 58403.02
5 252,18 272.02 297.07
6 44.93 45,40 45,74
7 47.78 50.47 63.43
8 52.18 52.16 62.46
9 54,46 55.85 54,12
10 48.75 44.00 51. 35
11 36.12 37.04 37.15
12 25.65 27.73 24.69

I _ TABLE 12

DISCRIMINANT ANALYSIS CLASSIFICATION CHECK MATRIX

(week N, log confidence, 12 Variables)

CLASSIFIED GROUP

SAMPLE SIZE

ACTUAL- GROUP 1 (Low) 2 (Med) 3 (High)
1 (Low) - . 20 5 7 : 32
2 (Med) 8 T 26 . 8 N 42

3 (High) 5 | 10 24 39




TABLE 13

GENERALIZED MAHALANOBIS D2 VALUES

SUBJECTS GROUPING NO. of D.F. D?
: VARIABLE VARIABLES
Control Final Exam 12 : ~J54 ” 145,95%%
Expt'l Final Exam 12 : 24 135.31*%
Control Final Exam 3 8 124.43*%*
Expt'l ‘ vFinal Exam 3 ) 6 89.61*%
Week I Log Confidence 12 24 32.7
Week J Log Confidence 12 24 '51.8
Week K Log Confidence 12 24 , 32.4
Week L Log Confidence 12 24 35.7
Week M LoéAConfidence 12 ‘ 24 33.0
Week N Log Confidence 12 .24 62.2%%
Week O Log Confidence 12 24 72.6%%
Week I Proétor Time ’ 12 24  23.9
Week J Proctor Time 12 24 31.4
Week K Proctor Time 12 24 " 31.9
Week L . Proctor Time 12 24 23.5
Week M Proctor Time - 12 ' 24 33.7
Week N Proctor Time 12 | 24 ©11.5
Week d Proctor Time 12 i 24 ” Vl9.6
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TABLE 14

58

THE BEST REGRESSION PREDICTORS AND MULTIPLE

R by Week

VARIABLE

TOTAL CORRECT

LOG CONFIDENCE

SAT(V), QPR,"M-F, SIN, (.58)
QPR, (.31)
NAV, Whole Man, (.32)

Whole Man, M-F, Physics
Validation, (.55)

SAT (M), QPR, (.47)

QPR, SPL, Physics
Validation, (.51)

QOPR, (.46)

SAT(V), QPR, OCL, SIN,(.56)
OPR, (.37)
ACH, M-F, (.36)

Whole Man, M-F, Physics
Validation, (.52)

OPR, (.45)

QPR, OCL, SIN, (.52)

QPR, (.43)



Media Relevant Items -

TABLE 15

DATA SUMMARY AND ANOVA

SO L b

Total Correct

Weeks I
Sample Size 140

Mean 3.3143

Standard
Deviation .7206

Sum of
Squares

Between
Weeks 757.3208

Within
Weeks 386.0305

Total 1143.3514

J K L

150 150 144
1.5267 .9000 .4583
.6625 .3010 .5000

Analysis of Variance

Mean

.DF Square
5 151.4642
845 .4568

850

M N
137 130

1.0073 2.1462

.7225 .9970
F
Ratio
331.5469%**
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TABLE 16
DATA SUMMARY AND ANOVA

Media Relevant Items - Log Confidence

60

Weeks I J K 1 -~ M

Sample Size 140 150 150 144 137
Mean 83.743 74.750 90.247 54.208 57.730
Standard

Deviation 17.501 33.402 29.202 42.160 31.683

Rnglysis of Warlance

sam of Mean
gguares DF Square
Between .
Weeks 160733.4398 5 32146.6880
Within

Weeks 784704.2328 845 9%8.6441
Total 945437.6726 850

N
~ 130
59.968

21.229

F
Ratio

34.6168%%
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TABLE 17
‘DATA SUMMARY AND ANOVA

Media Non-relevant Items - Total Correct

Weeks -I J K L M N 0]
Sample ‘
- Size 140 150 150 144 137 130 147
Mean 4.8714 4.,2200 7.7800 6.2778 4.3212 2.3385 5.1156
Standard |

Dewvia -

tion 1.1804 1.7869 1.1694 1.6702 1.4849 1.3210 2.1975

Analysis of Variance-

Sum of Mean - . F
Squares DF Square Ratio
Between ' .
Weeks 2471.9952 6 4311.9992 . 163.1817%=*
Within : _ : .
Weeks 2502,0649 991 2.524¢8

Total 4974.0601 997
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TABLE 18
DATA SUMMARY AND ANOVA

Media Non-relevant Items - Log Confidence

Weeks I J K L M N O
Saﬁple

Size 140 150 149 144 137 130 147
Mean 61.949 44.410 71.272 59.381 48.306 37.012 45.859
Standard

Devia -

tion 13.721 16.596 10.117 14.137 13.198 14.542 19.420

Analysis of Variance

Sum of Mean F
Squares DF Square Ratio
Between ' .
Weeks 121609.1115 6 20268.1852 92.4829%%*
Within

Weeks 216964.5522 990 219.1561

Total 338573.6637 996
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TABLE 19

DATA SUMMARY AND ANOVA

Pooled Items - Total Correct

Weeks I J K L M N o)

Sample '

Size 140 150 150 144 137 130 147
Mean 8.1857 5.7467 8.6800 6.7361 5.3285 4.4846 5.1156
Standard

Devia- ’

tion 1.6164 2.1650 1.2549 1.7380 1.8235 1.9299 2.1975

Analysis of Variance

Sum of Mean . F

Squares DF Square Ratio
Between
Weeks 2181.4164 6 363.5694 107.0440*%*
Within :
Weeks 3365.8792 991 3.3964

Total 5547.2956 997




[ TABLE 20

DATA SUMMARY AND ANOVA

r Pooled Items - Log Confidence
Weeks I T K L M N 0
.Sample _
Size 72 72 72 72 72 72 72
Mean 84.931 65.056 90.056 73.472 62.708 60.931 64.167
Standard |
- ' Devia- : :
tion 11.649 13.985 8.485 . 13.101 13.356 11.406 13.733

Analysis of Variance

- sum of Mean F
: Squares DF Scuare Ratio
. Between ;
Weeks 58521.000 6 9753.500
Within
- ' Weeks 76111.000 497 153.141 63.690

Total * |134632.000 503
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TABLE 21
ANOVA ~ WEEKS BY MEDIA BLOCK DESIGN

(Total Correct)

Source ] _ DF MS F Ratio
Media 43.53 6 7.26 2.09%
Weeks 2124.02 6 354.01 102.35%%
Error 3257.99 935 )
Total 5425.54 947 3,48
2 ¥
TABLE

ANOVA - WEEKS BY MEDIA BLOCK DESIGN )

(Log Confidence)

Source | SS | . DF : Ms F Ratio
Media 3347.48 : 6 557.91 2.96%*
Weeks 117593.18 6 19598.86 104.14
Error® 187812.63 997 188.19

Total -308753.29 1009
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TABLE 23

DATA SUMMARY AND ANOVA

Media Relevant Itéms = Total Correct

Media Group A B C D . E F G
Sample Size 120 124 109 129 133" 116 119
Mean | 1.5000  1.5323 1.5963 1.5194 1.4812 1.6293 1.5210
Standard ' - |

Deviation 1.1739 1.1221 1.1395 1,1599 1.1781 1.1686 1.1778

Analysis of Variance

Sum of . o . Mean F
Squares DF Square Ratio
Beﬁween Media
Groups o 2.0234 6 .3372 .2504
Within Media - |
Groups 1135.2719 ' 843 1.3467

Total 1137.2953 v 849
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TABLE 24
DATA SUMMARY AND ANOVA

Media Relevant Items - Log Confidence

Media Group A B C Db E F G
Sample Size 120 124 109 129 133 116 119
Mean 70.055 68.174 73.865 69.142 70.382 75.332 67.682
Staﬁdard |

Deviation 34.080 34.757 31.924 33.119 33.943 32.910  34.215

Analeis of Variance

Sum of _ Mean F
Squares DF . Square Ratio
Between Media : ) e
Groups 5817.5554 6 969.5926 .8745
Within Media ' ' o A
Groups 934645.8775 . 843 =~ 1108.7140

Total 940463.4330 849




TABLE 25
DATA SUMMARY AND ANOVA

Media Nonrelevant ~ Total Correct

68

Media Group
Sample Size
Mean

Standard
Deviation

Between Media'

Groups

Within Media
Groups

Total

A B c D E

140 145 129 150 156
5.3643 4.9586 5.2946 4.5667 4.9487

©2.2923  2,2107 2.3063 2.2298 .2.2225

Analysis of Variance

Sum of Mean
Squares ' DF . Square

60.7822 6 ~10.1304
4911, 4468 989 4.9661
4972.2289 995

F G

- 137 139

5.1460 5.0863

2.1711 2.1686

F
Ratio

2.0399
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TABLE 26
DATA SUMMARY AND ANOVA

Ve

Media Nonrelevant - Log Confidence

Media Group A B [« D ~E F G
Sample Size 140 145 129 - 150 156 137 137
Mean 54.131 52.150 53.951 49.875 52.511 53.272 53.790
Standafd

Deviation 19.796 18.066 19.798 17.560 18.471 16.729 18.195

Analysis of Variance

Sum of Mean F
Squares DF Square .Ratio
_Between Media ' ) )
Groups 2199.4086 6 366.5681 1.0847
Within Media ' |
Groups 333553.0820 987 337.9464

Total 335752.4907 993
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TABLE 27
DATA SUMMARY AND ANOVA

Pooled Items —-Total Correct -

Media Group A B C D E F G
Sample Size .140 ‘145 . 129 150 156 . 137 139
Mean 6.6500 6.2690 6.6434 5.,8733 6.2115 6.5255 6.3885
Standard

Deviation 2.4668 2.3489 2.3479 2.3553 2.4521 2.2657 2.1952

Analysis of Variance

Sum of Mean F
‘Sguares _DF Square Ratio
Betwéen Media -
‘Group 66.1386 6 11.0231 1.9938
Within Media '
Groups 5467.7520 " 989 - 5.,5286

Total 5533.8906 - 995
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TABLE 28

DATA SUMMARY AND ANOVA

Pooled Items - Log Confidence

- Media Group A B C D E F G
Sample Size 145 149 132 151 154" 140 140
Mean 71.800 68.852 72,265 66.517 69.675 71.364 70.407
Standard | |

Deviation 18.323° 17.344 17.353 17.683 18.077 17.370 16.421

Analyéis of Variance

Sum of - Mean F
Squares DF Square Ratio
Betwéen Media , '
Groups 3471.9590 6 578.6598 1.8824:
Within Media ‘ '
Groups 308633.3605 1004 307.4037

Total 312105.3195 1010
“
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TABLE 29

DATA SUMMARY AND ANOVA - TOTAL CORRECT

(Week I)
Media Group A B C D : E F G
Sample Size 20 20 18 20 24 17 20
Mean 7.9500 8.0000 8.3333 7.9500 8.4583 8.4706 8.0500

Standard : : ,
“Deviation 1.9861 2.1764 1.4552 1.3945 1.4136 1.5049 1.3169

Analysis of Variance

Sum of Mean ' F
Squares DF Square .- Ratio’
Between Media ' " ,
.Groups 6.8125 ' 6 1.1354 .4245
Within Media .
Groups 353.0436 132 . 2.6746

Total '~ 359.8561 138



TABLE 30
DATA SUMMARY AND ANOVA

(Week I, Log Confidence)
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Media Group A B c . D £ F
Sample Size 19 20 19 21 23 : 18
Mean 81.842 82.950 g85.316 82.048 86,217 87.944
Standard |

Deviation 15.417 16.91¢ 11.634 11.617 12.041 11.175

Analysis of Variance

Sum of. Mean
Squares . DF Square
Between Media
. Groups 602.7800 6 100.4633
Within Media - . :
Groups 21795,.3914 133 _ 163.8751

Total ©22398.1714 139

G
20
84.000

9.268

Ratio

.6130
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TABLE 31

DATA SUMMARY AND ANOVA

(Week J, Total Correct)

Media Group A B c D 'E F G
Sample Size 22 22 18 22 24 20 21
Mean 6.4091 5.3182 5.6667 5.3182 6.1250 6.1000 5.1905
' Standard | |

Deviation 2.1527 2.5145 2.1144 1.7563 1.6501 2.6931 2.1822

Analysis of Variance

Sum of Mean F
Squares DF Square Ratio
‘Between Media : _ ' '
Groups 30.2652 € 5.0442 1.0746
Within Media .
Groups 666.5267 _ 142 . 4.6939

Total 696.7919 148
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TABLE 32
DATA SUMMARY AND ANOVA

(Week J, Log Confidence)

Media Group A ‘ B C D E - F G -

Sample Size 25 : 26 21 23 23 20 22
Mean 66.720 59.769 64.286 61.217 67.043 68.800 61.364
-Standard

Deviation 14.772 14.836 10.011 13.003 13.313 19.264 14.578

Analysis of Variance

Sum of Mean F
Squares DF Square Ratio
Between Media' : ' . A
Groups 1656.4984 - 6 276.0831 1.3251
Within Media ' ,
Groups 3).577.1016 153 _ 208.3471

Total 33533.6000 159 .
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TABLE 33
DATA SUMMARY AND ANOVA

(Week K, Total Correct)

Media.Groups A B C - ' D E . F G
Sample Size 21 23 19 ‘ 23 _ 22 21 21
Mean 8.9524 8.8696 8.6316 8.3913 8.5455 8.6667 8.7143
Standard

Deviation 1.0235 1.0576 1.8016 1.1962 1.4050 1.1547 1.1464

Analysis of Variance

Sum of . Mean F
Square DF Square Ratio
Between Media
Groups 4.7727 6 _ . 7954 .4948
Within Media :
Groups 229.8673 143 1.6075

Total 234.6400 149
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TABLE 34

DATA SUMMARY AND ANOVA

(Week K, Log Confidence)

Media Group A B C ‘D E ﬁ F | G

Sample Size 20 23 19 23 22 21 21
Mean 89.950 89.217 86.737 86.043 86.500 87.143 88.429.
Standard | '

Deviation 8.894 9.553 14.375 10.594 12.520 11.315 10.390

Analysis of Variance

Sum of : ' Mean F
Squares DF Square Ratio
Between Media. _ .
Groups 284.2886 6 47.38..4 .3799
Within Media
Groups 17710.7181 142 124,.7234

Total’ 17995.0067 ' 148




"TABLE 35
DATA SUMMARY AND ANOVA

(Week L, Total Correct)
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Media Group
Sample Size
Mean

Standard
Deviation

Between Media
froups

Within Media
Groups

Total

A B . c o) E
22 16 20 23 22

7.4091 6.4375 7.4000 5.8261 7.0000

1.8168 .7274 1.4654 2.1246 1.6619

Analysis of Variance

Sum of Mean
Sguares DF Sguare
42.7098 6 7.1183

389.2624 137 2.8413

431.9722 143

F
20

6.4500

1.8202

G
21

6.6190

1.5961

Rat2o

2.5053%
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TABLE 36
DATA SUMMARY AND ANOVA

(Week L, Log Confidence)

Media Group A B c D E F G
sample Size 24 16 20 23 22 22 21
Mean 74.875 67.562 77.750 64.652 74.864 69.000° 70.571
Standard

Deviation 16.791 8.189 12.806 16.859 13.625 14.703 13.204

Analysis of Variance

Sum of Mean T F
Squares DF Square Ratio
Between Media . o
Groups 2784.2161 6 464.0360 2.2730*
Within Media
Groups 28785,2637 141 204.1%98

Total 31569.4797 147




"TABLE 37
DATA SUMMARY AND ANOVA

(Week M, Total Correct)
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Media Group
Sample Size
Mean

" Standard

A B c D E

19 22 18 18 22

5.5789 5.5000 6.3333 4.7778 4.6364

Deviation 2.0088 1.5040 1.8471 1.6290 1.7606

Between Media
Groups

Within Mediag
Groups

Total

Analysis of Variance

F G
19 19
5.3158 5.2632

1.6348 2.1040

Sum of | Mean F
Squares DF Square Ratio

36.0959 6 6.0160 1.8794
416.1231 130 ©3.2009

452.2190 136
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TABLE 38
DATA SUMMARY AND ANOVA

(Week M, Log Confidence)

Media Group A B C D E F G

Sample Size 19 22 18 18 22 19 19
Mean 62.316 62.864 68.556 57.222 57.045 60.053 62.053
. Standard

Deviation 18.679 12.422 16.343 13.113 12.890 14.524 14.393

Analysis of Variance

sum of . Mean F
Squares DF Square Ratio
Between Media .
Groups 1758.3734 6 293.0622 1.3607
Within Media

Groups ©27999.1010 130 215.3777

1 .
Total 29757.4757 136
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TABLE 39
DATA SUMMARY AND ANOVA

" (Week N, Total Correct)

Media Groups A .~ B, C D E F G
Sample Size 16 ~i’g;; 15 22 29 19 17
Mean 4.5625 4.6667 4.4667 4.0000 3.5500 4.9474 5.4118
Standard

Deviation 2.3372 1.9579 1.6847 1.6903 1.8771 2.0405 1.5435

Analysis of Variance

Sum of Mean F
Squares DF Square Ratio
Between Media ) 4
Groups 42.1167 6 7.0195 1.9696
Within Media _
Groups 438.3523 123 3.5638

Total 480.4692 - 129
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TABLE 40
DATA SUMMARY AND ANOVA

Vrev N, Log Confidence)

Media Group A B C D E : F G
Sample Size 16 : 21 15 22 20 19 17
Mean . 60.125 58,762 57.000 52.818 51.350 59.579 62.294
Standard .

Deviation 15.832 14.195 12.479 12.408 11.684 14.151 11.240

Analysis of Variance

Sum of : Mean F
Squares DF Sguare Ratio
Between Media
Groups 1844.,0645 6 307.3441 1.7610
'Within Media '
" Groups +21467.5432 123 174.5329

Total ' 23311.6077 129




TABLE 41
DATA SUMMARY AND ANOVA

(Week O, Total Correct)

\

84

Media Group A B C D
Sample Size ‘ 20 21 20 21
Mean 5.0500 5.0476 5.2500 4.5238
Standérd

Deviation 2.5849 2.0119 2.6132 2.2720

Analysis of variance

Sum of : .
Squares DF °
Between.Media
Groups 19.0919 6
Within Media '
Groups ©685.1547 - 139

Total 704.2466 ’ 145

E
23

4.9130

2,2343

Mean

Square

3.1820

4,929

F G
21 20

5.8095 5.2000

1.7498 1.9628

Ratio

.6455
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TABLE 42
DATA SUMMARY AND ANOVA

(Week O, Log Confidence)

Media Group A B C D E ©F ‘ G
Sample Size 21 21 ' 20 21 | 22 21 20
Mean 64.095 61.714 63.800 59.762 62.409 67.190 62.500
Standard

Deviation 16.571 13.439 19.362 14.839 15.327 10.939 14.471

Analysis of Variance

Sum of Mean F
Squares DF Square Rati
Between Media ;
Groups 673.7842 7 6 - .-—--112.2974 .4888
Within Media
Groups 31936.6610 139 229.7602

Total - 32610.4452 145

-




TART.E 43

FINAL EXAM SUMMARY DATA

Variable ahd CGroup Mean Variance Sample Size

Total Exam (Experirental) 36.20 48.09 146
Total Exam (Big Control) 35.17 75.96 ~ 189
Total Exam (Pre-post Control) 35.17 60.84 76
Subtest 1 (Experimental) 9.51 5.68 146
Subtest 1 (Big Control ) 9.48 8.12 189
Subtest 1(Pre-post) | 9.44 7.13 76
Subtest 2 (Experimental)  11.55 3.92 146
Subtest 2 (Big Control) ) 9.92 5.20 189
Subteési 2 (Pre-post) C11.10 4.33 76
Subtest 3 (Experimental) 8.94 5.93 146
Subtest 3 (Big Control) 9.18 - B.58 189
- Subtest 3 (Pre-post) . 8.48 5.86 .76
Subtest 4 (Experimental) 5.88 6.76 146
Subtest 4 (Big Control) 6.57 ‘8.06 189

Subtest 4 |(Pre-post) . 5.84 6.25 . 76
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TABLE 44

"t" -~ TESY AND VARIANCE TEST RESULTS 1OR FINAIL EXAM
Total.Examination , ) . t-value

Experimental vs. Big Control .13

Expérimental vs. Pre-post ' .14
Subtest 1

Experimental vs. Big_Coqtrol_ .01

Experimental vs. Pre-post | .03
Subtest 2

Experimental vs. Big Control | 6.86%%

Experimental vs. Pre-post 1.57
Subtest 3

Experimental vs. Big Control -.79

Experimental vs. Pre-post = 1.38
Subtest 4

Experimental vs. Big Control ' ‘ -2.28%*

Experimental vs. Pfe—post - .11

Total Examination
‘ Multiple Choice vs. Constructed Response
Experim=sntal - 1.52
Big Control : 4,15%%

Variance Test

Big Control : S
Experimental - 1.58%%
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TABLE 45

AV VS. NON-AV t - TESTS

Percent Correct

AV Group Non-AV Group

‘ Sample Std. Sample Std. "
Week Size Mean Dev. Size  Mean Dev. Statistic

I 33 84.64 8.7 - 19 85.18 13.8 -0.20

J 32 69.28 15.9 40 61.67 11.3  2.37

K 27 95.48 8.7 45 89.30 8.5  0.33

L 35 71.26  14.6 37 .75.57 11.2  -1.40

M 32 63.75 12.1 40 61.88 14.4 (.59

N 33 62.30 12.2 39 59.77 10.7  0.94

0 24 64.13  13.9 28 64.19 13.8 -0.02
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TABLE 46

AV VS. NON-AV & - TESTS

Log Confidence

AV Group ' Non-AV Group

Sample std. Sample Std. e
Week Size Mean Dev. Size _Mean Dev. Statistic
1 33 0.82 0.1 39 0.83 0.2 -0.37
J 32 0.52 - 0.2 40 C.54 0.2 1.73
K 27 0.90 0.1 45 10.89 0.1 0.32
L 35 0.67 0.2 37 0.72 0.1 ~1.31
M 32 .56 0.1 40 0.54 0.2 . 0.65
N 33 0.50 0.2 39 0.50 0.1 0.00
o 24 0.52 0.2 43 0.52 0.2 -0.37

" TOTAL

AV x NON-AV: t = -28.36, 76 d4f, p < .005.

-
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TABLE 47a

Intercorrelations of background and performation variables
on those subjects from whom a complete set of data was available,

N = 77

l. SAT Verbal
2. SAT Math .31

3. Highschool Rank .14 .06

4. Whole Man 170 .32 .57
5. Quality Poin
Ratio . .22 .28 .43 .53
6. Final Exan .34 .39 .25 .27 .70
7. Physics Vali- S :
dation .23 .36 .20 .23 .38 .52
8. Media Related .05 .12 .03 .22 .28 .23 .04

9. Final Post- , C ,
test oo -.03 .08 .09 .35 .40 .25 .11 .74

NOTE: - For 70 df, the .05 level is .23, the .01 level is .30.
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- TABLE 48

Percentage of total responses,by experimental condition, in each
category of the rating scales. Column 1 is most favorable,
Column 5 is least favorable. Data are combined across the last
seven weeks of the semester and across all items on the question-

naire. .

1 2 3 4 ]
Audiovisual 7 27 41 21 4
Talking Book, 13 28 35 19 4
Illustrated Book 10 23 40 21 6
Study Guide 12 29 35 21 3
Lgpture Demon- .
stration 4 22 40 26 7
Lecture ' 23 27 32 13 4

Student Option 11 36 - 34 leé 3
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TABLE 49

Rank Ordering of Preference and Time Data. Rankings on percent
most favorable, percent least unfavorable, per‘ent neutral. Time
data ranked from least to most.

Favorable Neutral - Unfavorable

Proportion Proportion Proportion
AV .34 .41 .25
TB .42 .35 .23
IB .33 ' .40 .27
SG .41 .35 .24
LSG .26 .40 . .34
L .50 .32 .18
so | .47 .34 .19
X = 39 .37 242
s= .084 .033 .053
Rating Rank Order Time -Rank Order
Most - Least Neu. Least to
'}F U. . - . .. ... Most .. ... . o
L 1=* 1** 1 ' 2%
so 2% 2% 2 1+
TB 3 3 . 3.5 4 .
: - _Time
SG- 4 4 3.5 .3 X =171
| S = 61
AY -5 5 6 6
IB . 6 6 4.5 5
L/SG T** 7% 4.5 " 7
* = +18 - © % = 418
*%x = = -18

-18 **
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TABLE 50

Intercorrelations, means, standard deviations, 'and sample sizes
for test item characteristics and student performance. Sample
size for each coefficient is shown. in parentheses under the co--
efficient. For 95 df, the .05 level is .17 and the .0l level is
.24,

s Variable Numer

1 2 3 4 5 6

l. Perfcrmance
(mean proportion '
correct) -.43 -.61 .67 -.59 -.13
(155) (155) (136) (107) (138)

2. Faculty Mathematics ' '
Rating .64 -.40 .47 . .44
(155) (136) (107) (138)

3. Faculty Physics
Rating : - =.,50" .52 .24
. (136) (107) (138)

4. Student Recorded
Confidence . -.74 -.27

(107) (120)

5. Student Difficulty :
Rating .37
' ‘ (95)

6. Learning Category

: . -Standard Number of .
Variable ' Mean Deviation Items
1 .6178 .2459 155
2 2.2112 .8056 155
3 3.0234 .5418 " 155
4 82.9378 . 13.0649 136
5 3.0051 . .7918 107
6 1.0652 .6857 138
7 7.6645 .7668 155 -



.TABLE 51 -
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Proportion passing for each learning category for media rele-

vant and media non-relevant posttest items. .

Learning Category
Media Relevant

Learning Category
Media Non-Relevant

0 1 2 3 0o 1 2 3
All Experimental
‘Groups .78 .74 .54 .66 .67 .62 .57 .61
.69 .66 .60 .61

Pre-Post Control .84 .71 .53 .65



TABLE 52

Comparison of Volume N with all other Volumes Pooled. Propor-
tion of correct answers on each trial.

ALL VOLUMES POOLED

One ) ' Three Four
Punch . Punch Punch TOTAL
37819 16256 7209 4090 65374
| 16256 7209 4090 27555
729 4090 11299
|

Proportion Correct
One Punch .5
Two Punch .5

Three Punch .6

VOLUM= N
Oné Two " Three Four
Punch Punch Punch Punch TOTAL
1225 668 264 - - 197 2354
‘) . 668 264 197 1129
| 264 . 197 461

Proportion Correct
" One Punch. = .5
Two Punch - .5

Three Punch .5




TABLE 53

Chi square values for each volume of the study guide. Observed
frequencies represent multiple punches on the study guide answer

sheet.

Vol. Observed Expecteé _4af x2 :
A - 1540782 1061 2 1452.2%%
B 1269329 - 1029 2 1233, 5%%
c 563642 772 2 730,1%%
D | 825715 . 845 2 977. 2%
E 753781 1060 2 711, 1%%*
F 443253 646 2 686.2%%
G 345693 618 2 559, 4%
I 572342; 656 2 - 872.5%%
J 195306 £22 2 462.8%*
X 394206 604 | 2 652.7%*
L 1300950 603 2 499,1%%
M. 258121 576 2 448,1%*
N 129850 377 2 344, 4%%
o) ‘ 135505 477 2 282,9%+*

SR LT SR e s
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APPENDIX A

Proi)ab’ility of Group Membership:
- . All calculations of the probability of group membership by
. discriminant analysis is accomplished by the following procedure.
For the 1thgroup (i= l 2,3,....., g) the probability

that a person will belong to the 1th group is given by

(fi - max fi)

Pi —=3

¥here
'g = nunber of groups used, -
e = natural logrithm base,

— V -
i) 5=z Gy ~ Coi v
| o

Ck coefficients in the 1th column of the appropriate
function table,

Coi= constant for the 'same colunn above,
. " | _
= standard score on the k k=1, 2, 3,i00., V)
.variable for the person being classi. fled where
v = number of varlables, and

max f; ~denotes the maximm value of all the £5 4 i= 1, 2,
-' 3'-.-.' g. .
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APPENDIX B
Description of Learning
- Category Taxonomy Used

The taxonomy consists of four categories:

l. Zero step questions -
Those questions which require only the recall of
a fact or definition, or the recognition of an
object, fact, or definition. (see example 3-1 -

02)
2. One step guestions -

' (i) Those questions which require only direct
substitution into an equation (usually algebraic)
to be solved for one unknown. (see example 3-3 -
Q6) :

(ii) Those questions which require correlation or

association of two or more facts or definitions
(but not directly requiring the facts or definitions
for problem solution). (see example 3-3 - Q3)

(iii) Those questions whose answers are a direct
logical consequence of a fact of definition. (see
example 3-3 - Q4) ‘

3. Multiple step questions -
+ All questions not falling into the zero- or one- step
categories. (see example 3- Post Test - 04)
4. Other -
Those questions judged important by phy51c1sts, but
not fitting into the other categories
No distinction is made among two—, three-, or more-step problems

for two reasons. First, the number of steps can be analyzed

only'into_the intended behaviors, not the actual behaviors.
Categorizing according to the above scheme minimizes the

difference between intended and actual behavior. Secondly,
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when more than a single operation (step) is required to solve
a problem, even experts frequently disagreg as to the "best"
way to solve the problem and on what constitutes a "step."
(Are intrinsic operations 'steps'?) Clearly, ambiguities in
the step-counting process are much more likely to occur in
multiple-step problems. Examples for Zero-, One-, and

Multiple-step questions follow.

(Example 3-1-Q2)

2. "Uniform circular motio@" refers to
A any circular motion.
B accelerating circular motion.
C circular motion without any acceleration.
D circular motion with constant speed.

(Example 3-3-Q6)

6. Near the surface of the moon, objects fall with an-acceleration
of 1.6 meter/seczi. What is the weight of an object of mass 3 kg

at the moon's surface?

A 4.8 nt.
B 2.8 nt. )
C 1.8 nt.
D 3.8 nt.
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(Example 3-3-Q3)
3. A rock weighs 64 lbs. on Earth, What does it weigh in free
space, and what is its mass in free space? (the unit "slugs"

2
is used as a shorthand notation for lbs. sec.” /ft, a unit

of mass.

weight in space 64 1lbs, mass in space 0 slugs.
weight in space 64 lbs, mass in space 2 slugs.

weight in space O 1lbs, mass in space 64 1lbs.

o O o= >

weight in space O 1bs, mass in space 2 slugs.

(Example 3-3-Q4)

4. The unit "newton" is a shorthand label for the units

A kg m/sec2
B kg cm/sec
C kg sec/m
D kg secz/m

13

(Example 3-Post Test ~ Q4)

4 A iight inéxtensible string is passed over a light, frictionless
pulley. Two masses are suspended (verticallf) from the ends of
the string with mass m and the other with mass 2m. When the masses
are released they have an acceleration

A g
B g/2
cC g/3
D g/4
Q E 2g/3




