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ABSTRACT

A project to help vocational-technical teachers in
the development and experimental aralysis of self-instructiocnal
programs is presented. The emphasis in developing the program was on
maximizing effectiveness and efficiency of program-learner
interaction as measured by criterion items. These items emgphasized
cognitive content dealing with the kncwledge, application,
comprehension, and analysis levels. The criterion items also included
manipulative content, emphasizing the graphic solution of kinematics
problems. Relevant technical literature was reviewed, and technical
experts consulted. The analytical methods and quidelines used to
determine rrogram content, to discover strengths and weaknesses, and
to determine the effectiveness and efficiency of the program have
proven to be effective. Conclusions include: (1) Content for
self-instructional programs can be determined by identifying a domain
of criterion items and selecting those items appropriate for a
specified target population; and (2) Thé inclusion of randomly
selected test items in the self-instructional program indicates to
the student what is expected of him in the manner of his resgonse to
terminal criterion items. (CK)




FILMED FROM BEST AVAIIABEE.COPY _ )

US DEPARTMENT OF HEALTH
EDUCATION 8 WELFARE
NATIONAL INSTITUTE OF

EOUZATION

THIS DOCUMENT HAS BEEN REPRO
OUZED EXACTLY a$ RECEIVED FROA*
THE PERSON OR ORGAN'ZATION ORIGIN
ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE
SENTOFFICIAL NATIONAY INSTITUTE OF
EQUCATION POSITION OR POLICY

THE DEVELOPMENT AND EXPERIMENTAL
ANALYSIS OF A SELF-INSTRUCTIONAL
PROGRAM IN GRAFHICAL KINEM<TICS

Presented
. by
John G. Nee, Project Develoter
Division of Mathematical Sciences and Techniolog es
Linccln Land Community Colliege
at
The Annual Meeting of the
American Educational Rssearch Association
New Orleans
February 1973

Lincoln Land Community College, District 526
3865 South Sixth Street, Frontage Road
Springfieid, Illincis 62703
(217)529-6661

1S




Ty

o

THE DEVELOPMENT AND
EXPERIMENTAL ANALYSIS
OF A SELF-INSTRUCTIONAL
PROGRAM IN GRAPHICAL KINEMATICS

Problem

The general objective of this project was to help vocational-technical
teachers in the development and experimental analysis cf self-instructional
programs. The specific objective of the project was to develop a self-instruc-
tional program and to verify its effectiveness and efficiency. In order to
meet this specific objective, the project developer identified a number of
enabling objectives. They were to: (1) determine appropriate subject matter
content for a program in the area of graphical ldnematies; (2) find effective
methods for the development of a program by the manipulation of independent
ard dependent variables; (3) develop analytical orocedures for the identifi-
cation and improvement of inadequate and ineffective portions of a program;
and (4) develop empirical guidelines for writing and evaluating programs of
instruction.

Significance of the Problem

An important objective of vocational-technical education has been the
improvement of instruction. The need for work in this area becomes very
apparent as we study professional Journals and note the increase in subjezt
matter content without an additional increase in time allotted. Howe (5]
observed this development when he wrote:

For most of us, the time allotted for teaching [engineering]
graphics has been gradually but materially reduced, as the many
other educational essentials have been worked into our curriculums.
To meet the changing conditions, more efficient methods for teach-
ing the most carefully selected materials, in strictly limited
amount, is replacing our former well-founded but more time con-
suming procedures. Thus we continually search for the effective
means to maintain our standards and include the new ideas which
are constantly appearing [5, p.22].

Many times students do not have the opportunity to see or hear well
plamned presentations by teachers. Class size limitations and the contact
hours assigned tc each instructor prevent contact of many students with the
outstanding instructor in many cases.

Self-instructional programs, however, can increase the teacher's personal
contact with the students. Teachers typically cannot deal adeguately with large
heterogeneous classes of students. Many students are often peralized by a lack
of systematic reinforcement and active involvement with cubject matter. Detepr-
line [2] contended that:

The students at the extreme upper and lower ends of the con-
tinuum of learning aptitude are usually additionally penalized
because of the difference between the pace set by the teacher
for the class ani the cate of subject matter consideration that




would be best for each individual student. The self-paced feature
of auto-instruction (each student proceeding at his own rate) can
at least partly eliminate the problem of the slower and faster

learners who cannot adequately te taught by presentations designed
for, and aimed more directly at the middle of the group [2, p.74].

. Various self-instructional programs could be made available to students
who may have difficulty understanding or who were absent for the initial pre-
sentation. Other instructors could avail themselves of various prepared self-
instructional programs for use in their classes. Substitute instructors coul
maintain continuity in their progress toward the courss objectives. -

A need now exists for studies to be conducted dealirg with an exverimen-
tal develcpment and analysis of self-instructional pregrams which should require
empirical avidence as to program effectiveness.

Lumsdaine [6] is convinced that:

--.most existing programs afford only a rough approximarion of
the potentiality for control over learning which could, in prin-
ciple, realize a goal of assured mastery for all qualified students
+«+ Even casual inspection of a sample of programs suggests a
teniency merely to follow superficially the general format implied
by one programming rationale or another, while meeting neither the
theoretical assumptions or empirical characteristics that are sup-
posed to be exemplified. In addition to lack of adequate tryout
and revision, many other apparent weaknesses are to be seen in
examining the existing programs, including inadequate analysis of
subject matter -ontent and inept use of what seem to be the more
promising techuiques of programming [6, pp.271-2].

Self-instructional programs are to be ideally develcped within the con-
text of a laboratory experiment. Hively [3] listed basic metinodological prob-
lems involved in laboratory experimentation. They are: .

(1) the problems of recording dependent variables (2) the
problem of replicating independent variables from ons experiment
to the next, and (3) the problem on controlling other con-
ditions which might affect the system which is being studied.

In general, the experimenter's problem is to seek out and demon-
strate orderly and reliable effects of his set of independent
variables upon his set of dependent variables. To the extent
that he finds them he has laid the groundwork for an experimental
science of instruction [3, pp.1-5].

A1l of these considerations served as the basic rationale for the carrying
out of the project.

Procedure

Tne project was developmental in nature in that the methods and procedures
for developing a self-instructional program in grapnical kinematics were studied
and reported on from the initial critericn item specification to the final deter-
mination of the program's effectiveness and efficiency. Figure 1 .llustrates the




W)

systems aprrecach used in develcping the self-instructicnal Drosram.

In deveioping the self-instructioral program, tre arphacis wWas on max-
imizing effectiveness and efficiency of pregram—-lezrnsr .ateraction as measured
by criterion items. The critericn items emphasized cognitive content dealing
with the knowledge, application, comprehension, and anglysic levers. The
criterion i1tems also inciuded manipuiative centent, empniasiiing cns graphic
solution cf kinematics problems.

. ing the prcject an attempt was made to defiie an exhaustive list of
criterion items for the unit taught. From this list of erizer ion items, a
sample was selected for use in constructing ‘he self-in:truction program and
the criterion test. : :

The terminal criterion behavior was a statement of a teaching objective
in terms which ailowed the existence of the behavicr ts pe rested empirically.
Empirical testing yielded informaticn whizh alicwed the celi-znstructicnal
program to be improved and revised. The sg:cifization and analysis of terminal
behaviors was a major activity in the preparation of the zeli-instruction pro-
gram.

Lol

In order to accomplish the first step, the relevant technical iiterature
vas reviewed and a number of educational and technical experts were consulted
in order for the project developer to master the subjact matter. This .spect
of the project has heen 1llustrated as Bvent IZI in rigura ..

The terminal criterion teravior desired upcn sztis® actorily completing
all the frames in the self-instructional program bcoklet was established as the
1C0 percent ability of the reader to: (1) Recognize a feaucellier's mechanism;

" (2) recognize a modified Peaucellier's mechanism; (3) recognize an inverted
Peaucellier's mechanism; (2) indicate selected 1ink ratios required in order to
have a Peaucellier's mechanism; (5) state which 1links in a Peaucellier's mechan-
ism, a modified Peaucellier's mechanism, and an inverted Feauceliisr's mechanism
have linear or angular motion; (6) state which linkage ratics cause point path
curvature in a modified Peaucellier's mechanism; (7) indicate selected point
relationships as motion is introduced into a Peaucellier's mechanism, a modified
Peaucellier's mechanism, and an inverted Peaucellier's mechanism; and (8) graph-
ically analyze a Peaucellier's mechanism, or a modified Peacuellier's mechanism
or an inverted Peaucellier's mechanism.

The Target Population

At the time the project develcper was establiishing the required terminal
behavior, consideration had to be given to wdentifying the tarsget population.
This is illustrated as Event II in Figure 1. It was emghas.zed in the litera-
ture that the development of a valid training and learniry system requires the
specification and control of target populations. The specifications should
cover rmore than just the general psychological ard intellectial characteristics
of the student. The prereguisites should be listed and spellsd it in benovioral
terms as shown ir Figure 2, Ttems (P1)-(P7). Bztter tpeciiloatisn of the target
population, with pretesting to insure the existence ot prerequilits tehavior,
should yield much mcre efficient educational programz.  The oozaiaticn for the
project con.l:ied of student groups enrclied in var-c pUlT-soendy design
and drafting cou.es.

i
4
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Sequence of the Behavior Network

Event IV as shown in Figure 1 represents the arrangement of’ vehavioral
objectives {rom which the self-instructionzl program was developed. Figure 2
illustrates a schematic diagram showing the realtionships of the elements in
the hierarchy of graphical kinematic objectives for Peaucellier's mechanism
displacement. The formal structure of the behavioral network served both as
a foundation and a practical constraint to the self-instructional program
developér. The development of' the behavioral network required the establish-
ment of terminal criterion behavior, mastering of the subject matter, and
determination of the target population. ’

The prerequisite criterion item coding key follows (selected examples
only):

(P1) This item consisted of the demographic description of the target

population. The population had completed a basic course in
drafting or engineering drawing. This single item assumed items
(P2)-(P7).

(P3) Make linear measurements within 1/50th part of an inch utilizing
a scale with inches divided into decimal parts;

(P6) Use a protractor to measure angular displacements to within an
accuracy of fifteen minutes; and

(P7) Develop basic geometric constructions in the transfer of angles
and lines.

The intermediate behavioral criterion item coding key appears as follows:

(8) TIdentifyir; kinematic forms;

(32) Indicate which linkage ratios cause straight-line point path
movement in an inverted Peaucellier's mechanism.

The terminal behavioral criterion item ccding key is as follows:

(T33) Indicate selected linkage point relationships as motion is intro-
duced into the mechanism;

(T42) Graphically analyze an inverted Peaucellier's mechanism.

The behavioral planning network took into account not only behavior
itself, but also the corditions under which the behavior cccurred. As a result,
the conditions under which the student received all brogram materials were judged
to be similar. The environmental factors were those for typical college drafting
classroom conditions. These conditions tend to simulate actu~l working environ-
ments in design and dratting occupations.

ter the behzvicral planning network was estaolisned, the project developer

Proceeded in the development and writing of the criterion test instruments and the
program frames.
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Development of the Criterion Test Instruments

The development of a comprehensive criterion test was essential and has
been shown as Event V in Figure 1. A criterion test always incorporates a
sufficient statement of terminal items, intermediate, and often prerequisite
items. The development of partial tests for debugging purposes was required
in addition to the development of the final criterion test. All the technology
and caution of test construction was required.

There were no applicable standardized tests for measuring the ability
to analyze the selected graphical kinematic tasks. The students were required
o ldentify selected mechanism characteristics and to produce graphical solutions
in meeting the requirements of the criterion behavior.

The project developer considered factors such as: (1) content validity;
(2) reliability; (3) objectivity; (4) discrimination; (5) comprehensiveness; and
(5) ease of administration and scoring.

Development of Frames

The program variation that was used in developing the project was deter—
mined by the criterion performance requirements.

Knowledge, comprelension, application and the anaiysis of graphical
kinematics concepts require verbal behavioral outccmes for practical use in
explaining the mechanism and in making graphical constructions. Completion
ard constructed responses approximated most closely the desired behavioral
outcores. Event VI, Figure 1, illustrates this relaticnship to the total
developmental process.

The self-instruction prc - variation selected was the linear type
because of the desire for error * response and the ease of diagnosing pos-
sible sources of misunderstandir, .y the student. It could be best designed
to cover the necessary material in the limited time availsble.

The self-instructional program format selected was bocklet form because

" of the desire for replication and because of its practical and economic charac-

teristics. The booklet had only a single stimulus unit, followed by a comple-
tion or constructed response item on each page. The frames were numbered se-~
quentially.

The efficient and successful development and debugging of the self-
instructional program materials required field testing in the form of an
experimental design used by the project developer for maximizing the effective-
ness and efficiency of the self-instructional program. In the illustration an
"X" signifies that the Zroup was exposed to the self-instructioral program and
and "O" represents an otservation or measurement. The progression of events
proceeds from left to right. ‘

;

Fleld Testing Experimental Design

Prelimirary development and experimentaticn was accomplished by use of a
pilot study. The pilot stucy consisted Ol resoonses rrom three subjects and
has been presented &s Group I in Figure 3.

Group 1I consisted of students enrolled in drafting, during the fall
quarter 1970, in the Department of Industrisi Education at the University of
Minnesota, Minneapolis, Minnesota. Group III was comprised of students enrolled
in mechanical drafting at Normandale State Junior College, Bloomington, Minnesota.
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Group IV consisted of students enrolled in mechanical drafting at Willmar Vocational--
Technlcal School, Willmar, Minnesota. Groups V and VI consisted of students enrolled
in two descriptive geometry classes at Stcut State University, Menomonie, Wisconsin.

The students in each group received pretests, the self-instructional program,
and a posttest as an integrated part of the respective course requirements. The
reader should keep in mind that Group VI did not recelve the self-instructional
program pretest, but received only the Space Relations Test and the Mechanical
Comprehension Test. The deletion of the self-instructionzl program pretest was due
to the 1nability to schedule the same time period and length of time for Group VI
that vas available to Groups II through V. The experimental treatment of the self-
instructional program and the posttest were administered during the last two weeks
of each course, while the pretests werc administered arproximately two days before-
the students received the program treatment. The pretest and posttest consisted of
identical, but rearranged criterion items. '

In an attempt at complete optimization, the responce errors on criterion
items and the time students spend in self-instruction are minimized. The degree of
retention after a specified period or time, as measured by errors on critepion items
should also be considered.

Hively [4] suggested the use of a person~by-itea matrix, as shown in Figure
b, for use in estimating the easiness of a single criterion item.

PERSONS TTEM 1
1 1
2 0
P %

o
FIGURE 4
PERSON-BY-TTEM MATRIX

“In this matrix, person p receives a score X, which equals 1 if he answers
correctly and 0 1f ke answers incorrectly" [, p.8]. The easiness (M) of the
specific item, or unit, can be ealculated by My = £Xp .

p
In estimating performance over a set of items » the data may be summarized
. a8 in Flgure 5.
. The proportion of items answered correctly (M) by person p, can be de-
termined by Mp = LXpl , and the mean for the entire Ytem fom(Mf) can be calcu-
i

Semsnmpas

i
lated by Flp = IZIpl . In the development and revision of a seli=Instructional pre-
pi
P
gram, the comparison of M 's, Mg's and Mp's for ditferent versions should provide
clues to the effectiveness of the varlous progran torms.




TTEM FORM
TTES
PERSONS 1 2 1
1 1 1 Xy4 My
2 0 o Xo1 Ma
b Yol X2 Xpi Mn
M M My Mr
FIGURE 5

PERSON-BY~ITEM MATRIX

' The person-by-item matrix may also include a doubt distribution.

Eﬁ:ﬁﬁims U { U jUg fugt oo vl o
S R E 2
5, |®E |= ? |
S5 E? 1.
Sy E 2 . cee
S E?
56
Sn E ?

-r

Reading Hey: E errrr ? lack of understanding

In this simple hypothketical example we find a ciear error concentration
on Unit 3 on the one hand (for almost all subjects) and for Subject 2 on
the other hand (for almost all units). We also find a relaiively large
number of question marks for unit 5 in spite of the fact that this unit
has not attracted any errors at all. These kinds of information are
evidently better starting-points for revision attempts than overall error
percentages for total programs...[1, p.120].

FIGURE 6

TYPICAL STRUCTURE OF A SIMPLZ SURVEY TABLE
(*ERROR-AND-LCOUBT DISTRIEUTION")




The student's terminal behavicr should be the final criterion of the effec-
tiveness of a self-instructional unit. If students can reach acceptacle levels
of understanding within a reascnable time span, the program can he termed efricient.

The Computational Procedures and Derining the Populaticn

To aid in making a valid analysis of the students' resgenses to the program
and posttest, basic informaticn was needed pertaining to the sguivalency of the
selected groups. If Groups II, III, IV » V and VI were found to generally celong to
the same population, a more valid comparison o program and costtest M, and Mr coef-
ficients could be made for each revisicn of the self -mnstructicnal program materials.
Scores earned on: (1) the Graphical Kinematics Pretest; {2) the Bennatt Mechanical
Ceiprenension Test; and (3) the Space Relation Test (Di™) were used te conmpare the
groups. Graphical kinematics pretest completion times and the number of weeiks .of
drafting training were also used to corpare the greups in order to determine whether
the participants from the four locations were of tre same popuiation. In order to
compare the groups certain appropriate statistical te-ts were utilized.

- One-way classification analysis of variance technigues as suggested by
Popham {7] were used to determine the significance of mean dirfferences between the
groups simultaneously, for each of the ~ive measures pravisusly specifisd. Two
basic assumptions of the one-way analysis of variance wers that Tthe subgroups be
randomly drawvn from a normally distributed target population and that the variance
within these subgroups be homogereous.

Popham [7] indicated that when taking a theorstical viewpsint the assurptions
underlying analysis of variance must be rigorously fulizlled. This researcher goes
on to say that there is evidence that even if fairly significant departures from
strict theoretical assumptions may exist, analysis cf variance is sufficiently
"robust" so that it will give results which can te meaningfully interpreted.

Where analysis of variance produced a significant F ratio indicating that a
slgnificant mean difference existed between groups, the project developer utilized
the analysis method proposed by Scheffé. This methed, as presented by Walker and
Lev {8, pp.303-6], leads to a confidence interval for a contrast among population
means. The confidence limits for the contrast Ui - pi are:

Upper Iimit: (X - X;) + \ﬁk-l)f‘c(msw)(i +1

5 nJ

Lover 1mit: (% - %) - \[Gelpus0 & + L1
L J

-

when: (% - fj) mean difference between contrasted groups;

k

number of groups;

Fo = c th percentile for (k-1) and (r.-1) degrees cf
freedcn cbtained irem <h2 urior raxycils of varlance;

My

error mean square obtained rrom the prior analysis of
variance; and

ny and nj number in each respective .:nirasted aroup.
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In applying these formulas, if one limit was fcund to be pcsitive and the
other negative, O was a possible value of Hi = Uy, SO the obsertad difference
(Xi - X;) was nonsignificant. As a result, it was ccnciuded that the population
means o." the two contrasted groups did not difier ziznificantly from each cther.

The project develcper then proceeded to test for homcgeneity of variance
among the subgroups. Popham [7] and Waiker and Lev [§] iniicate that Bartlett's
test can be used to determine homogeneity of variance ameng subgrougs of cifferent
sample sizes. Bartlett's statistic (B) with a critical region B >xcq:k-1 1S:

2.3026 | k k —l
B = g Z(ni-l)logss-i(ni-l)logsf‘
.

i=1 i=1
when: Ss is the pooled variamnce of the k sample variances
and
k
$2 =% (ng-1)s?
i=1 and when:
k
Z (ny -1)
i=1 1
c=14 1 K 1. 1
Z(ng-1)
i=1

If B was less than the critical region set up for :(2 there was statistical
evidence that the population variances were equal. By usc of this statistical test
the project develcoper was able to test for s basic assumption urderlying the
analysis of variance techmque.

Graphical Kinermtics Pretest

The data used in computing the various statistical tests are shovn in Table 1.

TBLE 1
DATA BASED ON GRAPHICAL KINEMATICS PREVEST

Group Location N X s<
Growp IT 22 2.27 1.1€6
Group ITI 14 1l.id 3.36
Group IV 10 1.60 77
Group V 18 .33 6.56
Group VI (Did not participate in graphical kinematics precect;
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A summary of the statistics used in the analysis of variance for the
graphical kinematics pretest appears in Table 2.

TABLE 2
ANALYSTS OF VARTANCE FOR GRAPHICAL KINEMATICS PRETEST

Source of Sum of Degrees of Mean
Variation Squares Freedom Square F F, 95
Between groups 12.52 3 4,17 1.3 2.76
Within groups 187.48 60 3.12

TOTAL 200. 00 ' 63

The critical region at the .05 level of signif.cance and with the appro-
priate degrees of freedom was F>2.76. The calculated F value indicated that there
was no significant difference among the means of the four groups.

In testing for homogeneity of variances for the groups, the project develop-
er utilized Bartlett's statistic. The rejection interval for the graphical kine-

" matics pretest was x2>x . The tabulated critical region was x2>7.815 and the
(.95)

calculated value of B was 18.97 indicating that the group variances were not homo-
geneous.

Space Relations Test (DAT)

The data used in calculating the various statistical tests based on the Space
Relations Test (DAT) are shown in Table 3.

TABLE 3
DATA BASED ON SPACE RELATIONS TEST (DAT)

Group Location N X s2

Group IT 22 77.68 139.80
Group III 14 T4.43 381.80
Group IV 10 81.20 122.40
Group V 18 77.17 238.45
Group VI 21 77.63 219.29

A sumary of the statistics used in the analysis of variance for the Space
Relations Test (DAT) appears in Table L.
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TABLE 4

ANALYSIS OF VARIANCE FOR SPACE
RELATIONS TEST (DAT)

Source of Sum of Degrees of Mean
Variation Squares Freedom Square F F.95
Between groups 520.86 Yy 130.21 Q.28 2.48
Within groups 1,122.25 80 14.03

TOTAL 1,643.11 84

The critical region at the .05 level of significance and with the apgro-
priate degrees of freedom was F>2.48. The calculated F value indicated that there
was a significant difference among the means of the five groups.

In order to cetermine which sample means of the groups tested were signif-
icantly different from each other, the project develeper arranzed the groups in
order of increasing magnitude. All possible difierences between rairs were then
determined and presented in Table 5.

Confidence intervals were constructed for all possitle unweighted contrasts
between pairs by use of Scheffé's method. The confidence limits for Groups [IT
and iV were found to be +1.89 <y - pa< +11.55. A1l other conficence limits in-
cluded 7 as a possible value of B3 - B;. The project developer concluded that the
mean scores for Groups IV and IIT differed sigrificantly from each other.

TABLE 5

DIFFERENCES BETWEEN PAIRS FOR
SPACE RELATIONS TEST (DAT)

GROUP MEANS (X)

Group III v VI . CII v

X = 74,43 77.17 77.63 77.68 81.20
III —_— 2.7h 3.20 3.25 6.77%
v S 46 .51 L4.03
28 — .05 3.57
II _— 3.52
v _

¥Signiricant

In testing for homogeneity of variances for the grodps, the project developer
obtained a B value of 5.46.. The tabulated critical rezion was found to bLo x2>9, L83

which provided statistical evidence that the group variances were homogeoecus at the
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.05 level of significance.

Graphical Kinematics Posttest

Upon ccmpletion of the graphical kinematics self-instruction program, the
participants were asked to take a posttest dealing with graphical concepts and
constructions. The average scores and Eroup variances are shown in Table €.

TABLE 6
DATA BASED ON GRAPHICAL KINEMATTICS PCSTTEST

Group Location N X s
Group. IT 22 9.00 6.38
Group III 13% 10.31 4,89
Group IV 10 10.99 5.66
Growp V 18 11.61 6.13
Group VI 21 11.91 1.19

*One student did not participate in posttest (pretest li=14)

The project developer was encouraged by the sieady increase in the average
score of each group. The groups' posttest variances terded to decrease slightly,
while at the same time their average posttest scores steadily increased. This was
the case for all groups except Group V. The pretest variance for Group V was the
largest for those groups receiving the pretest.” The posttest variances tended to
increase from what the pretest variances were for each group receiving both tests.
This increase did not occur for Group V as the pretest variance was slightly
larger than the posttest variance. The groups' posttest variances simply tended
to indicate the degree of individual differences within each group.

When the data presented in Table 1 and Table 6 were combined, the average
pretest to posttest gain and the group gain variances were found. Table 7 1llus-
trates these gains. .

TABLE 7
DATA BASED ON GRAPHICAL KINEMATICS PRETEST TO POSTTEST GAIN

ér'oup Location N X s
Group II 22 6.73 7.26
Group IIT 13%* 9.08 4.
Group IV 10 9.60 4,84
Group V 18 1C.11 13.63

Group VI (Did not participate in graphical kinematics pretest)

*One student did not participate in posttest (pretest N=1b4;



Ty

The data presented illustrates a steady average gain in scores for each
revisicn of the self-instructional program. Even thcugh the pretest to post-
test average gain for Group V was the greatest, the pratest to posttest gain
variance was apnrcximately three times the gain variance for the previous
revision. The pretest to postitest gain variances tendsd to indicate the amount
of individial differences for each group.

The average completion times in minutes for the posttest are shown in
Table 8. The average times remained -~elatively constant, while the time variances
for the posttest indicated decreasing values.

TABLE 8

DATA BASED ON GRAPHICAL KINEMATIC POSTTEST TIMES -

Group Location ' N X 52
Group II 22 15.68 31.46
Group III 13% 14.53 30.10
Group IV 10 14,10 10.29
Group V 18 15.06 20.C%
Group VI 21 14.29 16.41

¥One student did not participate in posttesti(pretest N=14)

Comparison of item M;'s, Me's and Doubt Distributions

During the development and experimental analysis of the self-instructional
program, the project developer was required to ccllect certain data. Tnisz data
provided the basis for any revision of the program format, sequence and content.

Tables 9, 10 and 11 sunmarize completely the degrees of easiness for each
criterion item (M;'s) from the pretest and posttest. The average times in min-
utes for the constructed response, Item 1 and the total average times in minutss
for criterion Items 2 through 13 are also given for each program revision. The
degrees of easiness for each test (Mp's) indicate any change in performance for
each participant group. The degree of doubt for each item and for each group
is presented as a doubt distribution (?).

In analyzing the posttest My values for Revision I, Table 9, which was
administered to Group II, the praject developer determined that the sequence
leading to criterion Items 1, 2, 3, 4, 5, 6, 7, 8, 1C and 13 required revision
In order to increase their effectivensss. The posttest M; values for Revision
I1, Table 10, Groups IIT and IV indicated that the secuences leading to Items
1, 2, 3, 4, 6, 8 and 13 required still further revision. Items 3, 4 and 8 of
Revlsion III, Table 11, Groups V and VI still require additional program sequence
revision.

The doubt distribution for the pretest and posttest included only doubt
responses (?) for those items which were answered corre.tly with doubt. Those
items that were answered incorrectly with doubt were r¢* 3ncludeda in the dis-
tribution. The degree of doubt tended to deecrease rir eich program revision.

The doubt decreased from pretest to posttest except for Group IV. The relatively
high doubt distributions tended to correspond to the luw M, values.
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The criterion test Me values for the three revisions steadily increased
from approximately .60 to .90. These values indicate a trend tuwards 100 per
cent program effectiveness. '

The percentage gain for each program revision was calculated by dividing
the total pretest to posttest gain by 13 for each individual and then determining
the average percentage gain for each group. The percentage gain steadily in-

.creased for each program revision.

Program Information Density and Informational Speed

During experimentation utilizing the program materials, the oreject davelop-
er calculated informational density and informational speed coefficients. The
values obtained are given in Table 12.

The information density coefficients (I4) were obrained by using the follow-
ing formula:

Id = Ai - Bi
Dy
when:
A; = the average error per.::ntage of the student group on criterion problems

before using the self-instructional materials;

P
"

the average errcr percentage of the student group on criterion problems
after using the self-instructional materials; and

Dy = the number of program responses used in teaching the selected concepts.

The information speed coefficients (Ig) were computed using this formula:

I, =AM - B
Ty
when:

Ty = the average program time in minutes.

Fulfillment of Objectives

The self-instructional program on graphical kinematics experimentally
developed and tested during this project 4id not reach the ultimate goal of 100
percent correct performance and, therefore, needs continued improvement as it is
used for future instruction. The results indicated, however, that by utilizing
the methods of content development and analysis used during the project, an
effective and efficient self-instructicnal program car pe develcced. The major
objective of the develcpmental project was basically fuifiiled.

The matrix analysis techniques used for determinming the steengths and
weakmesses in the self-instructional program and the use of informationzl den—
sity and speed coeffic*ents proved to be effective methcd: in aralyzing students'
responses to the prograi booklet and the criterion tests. The informational feed—
back from the questionnaire scheiule and frem individuals partacipating in the
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pilot study also proved to be of value in determining trcublesome segments
of the program materials. ) ,

The analytical methods and empirical guidelines used to determine program
content, to discover strengths and weaknesses, and to determine the effectiveness
and efficiency of the program have proven to be effective. These same methods
should be able to be effectively used by teachers and educational technologists
for developing self-instructional programs in other subject areas.

Conclusions

During the period that the project developer was involved with this croject,
certain data were gathered and organized. From this data the following conclusions
were drawn:

Content for self-instructional programs can be determined by identifying a
domain of criterior items and selecting those items appropriate for a specified
target population. These selected criterion items must define in exact behavioral
terms what the student should be able to do when he has been exposed to the pro-
gram of instruction.

Programs of instruction can be constantly improved by analyzing the responses
made to the program booklet and the criterion tests. This can te accomplished
only if some method of coding is used to identify selected program micro seqguences
with the appropriate criterion items.

Items selected frcm a domain of criterion items were used to test the
student's understanding of the subject area. This process can be used to determine
both individual and group performance and also to locate inadequate program and
criterion test segments.

The inclusion of randomly selected test items in the slef-instructional
program indicates to the student what 1s expected of him in the manner of his
response to terminal criterion items. Pretesting and posttesting can be accerm-
plished by randomly selecting criterion items from the domain of criterion items.
By doing this, the developer can determine the educational gain for individuals
and groups.

During all phases of program development much relevant information can be
obtatned by recording students' comments. Many program irprovements can be made
by utilizing this information. '

The degree of ef'fectiveness and efficiency for a program of instruction
can be determined by the matrix analysis and analytical models used during the
development of this project.
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