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THE EFFECTS OF VARTATIONS IN.A SELF-INSTRUCTIONAI, PROGRAM

ON INSTRUCTIONAL, OQUTCOMES
- Mbstract

The effects of verying the sequence of fr;ﬁes in & self-instructional
program on the instructional outcomes of achievement, interest in iearning,
and attitudes towaf& programed instruction were investigated. Thirty-nine
sixth-grade Spanish élaSSes were randomly &ssigned to a program with an
orderly progression or & scrambled order of frames. The students worked
on the Drogrem for 30 minutes each week without sny teecher-directed
instruction., For none of the three outcomes .did the mean levels differ
significantly aﬁter one semester of instruction. In each group & high
relationship waé found between aptitude and achievement end between initial
attitudes and interest in learning. Attitudes toward programed instruction
were not consistently related to any other variebles. The conclusion was

that semll variations in sequence exert little effect on outcomes.
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. THE EFFECTS OF VARTATIONS IN A SEIF-INSTRUCTIONAL PROGRAM ON
INSTRUCTIONAL OUTCOMES®

_One of the current controversies in programed instruction is the

F)

identification of variables that account for learning. Cook and Mechner
(1962), for example, cite the following "elements combined by programed
instruction to produce optimal learning®:

ka) Active response by the learner;

(b) small steps in which .aveful control of stimnlilprbduces_gradual

increments in mastery of the subject; A '

{c) Immediate feedback for each response;

(d) Self-pacing;

(e) Tow error-rate, which is a consequence of the preceding four

principles.

They go on to write that "error-free learning is not only simpler, but
its effects improve morale, motivation, and retention” {p. 5). These
autilors imply that the absence of the five principles they cite will re.sult
in lower levels of both cognitive and noncognitive outcomes.

The APRA-APA-DAVI Joint Committee on Programed Instruction and Teaching
Machines {1963), on the other hand, has stated: "At present, the scientific
evidence is not considered sufficient té s+ o+ Justify recommendation that
adherence to specific rules of program construction pe used 2s a basis for
program evaluation. External evidence is recommended as the main basis for
the evaluation of program effectiveness."

Both positions cited here accept the behaviqr of the learners as the
criterion by which tu evaluate a program, but they differ on whetﬁer the .

brogram’s internal characteristics -can bredict this behavior.
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The available empirical evidence tends to sunport the position of the Joint
Committee, Studies which have measured the ocutcome of achievement (e.g.,
Ashbaugh, 1964; Coulson & Silbermen, 1960; Evans, Glaser, & Homme, 1960;
Goldbeck & Campbell, 1962; Jacobs & Kulkarni, 1963; Levin & Baker, 1963;

Moore & Smith, 196k4; Roe, Case, & Roe, 1962), have found only minor or non-
significant effects3hy‘vafying the type of response (overt vs. cévert) and
sequence of the frameé (orderiy vs, scrawbled).

The present study included the noncognitive outecomes of interest in learning
and attitudes toward programed instruction, as well as the‘coghitiGe outcome
of achievement in assessing the effects of frame sequence in a program,. The
study also empioyed input ;haracteristiCS in a dual role: <first, as predictors
that may account forffpg,differencqs among ﬁhe classes in & way that is

meaningful to educators, and second, as covariance control variables that

mey increasz the statistical precision of the experimental design.
. Method

Subjects. The subjects were 824 students in 3§ sixth-grade classes from
the Denver Public Schools, Denver, Colorado.

Programs. A linear self-instructional program of 2016 frames, with a
low error rate (5.7%) and & logical sequence, was developed to teach Spanish
readirg and writing to sixth-grade classes.. The programing principles
foémulated by Skinner (1960) were carefully followed; first the behavioral
objectives were specified in advance, then the frames were writteﬂ, tried
out, and revised until the learners performed satisfactorily. Because of the

low error rate and the orderly progression of the frames, this version is

o
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called the small-step version. The program was tried out in several schools
prior to the present evaluation (Barcus, Haymaen, & Johnson, 1961).

The sequence of frames of the small-step version was altered to produce &
scrambled version. Ti_le alterstions were not random; instead the frames within
a unit were changed on an intuitive basis %o break up the repetitivenqss,.

_Within.each unit. The scrambled version was thus intended to be effective in
producing learning and in stimulating interest. Tts error rate of 7.1% was
significantly higher (.01 level) than that for the small-step version
{Hayman & Johnson, 1963).

P@ocedure. The prograg_#ersions were randomly assigned to classes, with
the restriction thatlfhe scrambled version be assigned to 22 classes in ordeé
t0o use up the existing supply of programs.

The classes worked on the programs for half &n hour each Wednesday
for one semester. HNo homework assignments or other instruction 15 SPanish
reading and writiqé were given. The teachers, who were told not t0 answer any
questions about Spamish, served only to maintain classroom order and to
help‘wifh the mechanics of the program. Most teachers, in fact, did not know
any Spanish. k

‘fhe students also learned Spanish listening and speaking skills on
Tuesdays and Thursdays, via televised and teacher-directed instruction. They
had previously studied Spanish listening and speaking in the fifth grade,
but had no prior instruction in Spanish reading and writing.

Inputlmeasures. The Kuhlman-Anderson Intelligehce Test was used &s the
megsure of academic eptitude; these scores were available from the school

records. Initisl aftitudes toward Spanish (Preattitudes) were measured by

the four-item invertory reproduced in Appendix A.
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Quicome measures. Three kinds of instructional outcomes were used to

evaluate the programs: (1) Achievement, (2) Attitudes toward Frogramed

Instruction, and (3) Interest in Spanish. The Sixth Grade Spanish, Reading
andfﬁriting Test {Follett Publishing Co., 1964) was used to ﬁeasure achievement
&t the end of the first semester. The test, which was used'with classes
tauéht by a variety of other meinods as well as by the program alone, had

& split-half reliebility of .94 (Hayman & Johnson, 1963).

Attitudes toward Programsd Instruction were measured by asking the
students wyhether they preferred to learn various co&rses by & program aione,
by & teacher alone, or by & combination of t;acher plus program {items 2,

3, and 4 in Appendix B). Tne scoring of each item was dichotomized; a plus
one was assigned to the alternative of learning by & program alone, and &
Zer¢e was assigned to the otheé two alternatives. A high score reflected a
desire to learn the courses by a program alone; 8 low score reflected &
deéire for teacher-directed instruction, either alone or in combination with
& program. The internal consistency reliability of the attitude score was
-60.

. Interest in Spanish was measured by ﬁsking the student how frequently
and for how many yéars he would 1like to study & foreign language, how much
he enJoyed Spanish, and how bften he read and conversed in Spanish on his
own o;£side of school essignments (items S—lT’in Appendix B). The internal

consistency reliability of the interest score was .86.
Results :

Analyses of covariance were uaed to compare the effects of the program
versions on the outcomes of Achievement (with Academic Aptitude as the control

variable) and Interest in Spanish {with Preattitudes as the control
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varisble). Because no input measure was consistently correlated with the
Att%tude toward Programed Instruction score, the single classification analysis
‘of variance was used with th?s outcome. The class, aﬁd not the individual
‘student, was the sampling_unit, and therefore the class mean served as the
unit’bf observation in the analyses,

Jhe results of the analyses of covariance and variance are shown\in
Table 1. The two versions of the program d&id not differ significantly in their
effects on any of the three outcomes. During the one semester of instruction,
the sequence of the frames did not exert a substantial effect on cigss .
learping, interests, or attitudes. |

i

Insert Table 1 about here 1
|

. . \
The input characteristics of the class were substantially related to the

ocutcomes of Achlevement and Interest in Spanish. As showm in Table 2l the
correlation of Aptitude with Achievement wé; high in both groups, .70 for the
classes taught by the small-step version and .82 for the classes taughk by

the sc2rambled version. The correlation of Preattitudes with Interegt:in.
Spanish was almost as high, .50 and .71, respectively. The Attitudes toward
Programed Instruction score was not correlated with Preattitudes for either
version; it correlated positiveiy with hoth Aptitude and Achievement for the
small-step version, but negatively with them for the\scfhmbled version.

These correlations may bé a result of chance rathef épan of systematic effects-

of the program version.® '
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Discussion
Contr'ary to vhat may be expected from the principles of program development
as stated by Cook‘a:nd Mechner (1962), the varistions in the progrem hed 1i*tle
erfect on the outcomes, both cognitive and noncognitive. The results of this
= study are consistent with much previous research and with the recomméndations

of the AERA-APA-DAVI Joint Committee on Progrfped Instruction and Téaéhing
Machines (1963). '

Bot;\versions of the program tended to build upon the initial abilities
and attitudes of the classes. Classes with high aptitude usually learned the
most, and classes with the most favorsble 1p1tial attitudes tended to have the
highest level of interests at the end of the semester. -Diffefences in outcomes
were prelictable by differences in input, but not by differences 15 the kind of
program used for 1nstruction; \ | .

In 2 larger study the small-step version used in combi?ation with a trained
Spanish teacher produced significantly more achievement thaﬂ the program alone
(ﬂaier & Jacobs, 1964). This study also found that interest in learning was
enhanced (a) by using the program as nomework instead of classwork, and (b} by
using the program with teacher-directed instruction plus making available & ;
gpecial corner of the classroom containing elegtronic aids, reading materials,
and cultural artifact; (Heyman & Johnson, 196k4), It appears that the level of

' outcomes, when not affected by differences in @he program itself, may be

affected by how the program is used.

One conclusion suggestéd by this and other research is that the effective-
ness of & program may be relatively 1nsensi§1ve to changes‘within the program:
To borrow & term from statistics, self-instructional programs mey be called
robust. In nmany céées the theoretical assumptions underlyiné the development

of programs may not prove too important.
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Footnotes

lThis research was supported by & grant from the Carnegie Cor@orhtion of
New York to Educational Testing Service. The authors wish to thank Drs,

Herbert Gerjuoy and Felix Kopstein for their helpful comments in reviewing
rd e i
an earlier version of the paper.

2As part of a lirger study, the émall-step version of the program was also

used in combination with a trained Spanish teacher For 15 classes taugnt by
the combination of teacher plus program, the Attitude towaﬁg Programed

i -.
Instruction score correlated =.4l with Aptitude and =53 ﬁi;h Achievement.
. ) ‘I' ‘J:“ [
8ince there is no obvious sub§tantive explanation of why the correlations

should vary so, the best explanation may be that thefcofrelationr arose by

’

-chance.
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Table 1
- Analysis of Qutcomes
i Mean®
outcome Bource of Variation DF Square F
A. Achievement . Progrem Versions 1 25.6 1.k w8 -
‘ (Predictor: Aptitude)
. Error . 36 18.3
B. Interest in Spanish Program Versions 1 .005 .00k NS
(Predictor: Preattitudes)
Error 36 1.3 ;
¥ 1
C. Attitudes toward Programed Program Versions 1 .025 N . E
Imstruction . .;
(Predictor: none) Error 37 .063 §

a’AdJusted Mean Squares shown for the outcomes of Achievement and

Interest in Spanisﬁ . . - ]




' ' \ Table 2 \
_Results for Two Versions of a

Self-Instructional Trogram

.. /
A. Small-step Version (N = 17 Cla;sses) /

Input ™ Qutcome VA
: 1 2 3 b 5 . Mean S.D.
. 1. Aptitude -0L 70 Ok 75 106.5 6.6
Y 2. Preattitude -0L 07 50 -08 4.8 .5k
3. Achievement '’ 70 o7 -06 Th 20.5 b7
b, 1Interest in Spanish Oh 50 06 -11 10.5 1.1
5. Programed Instruction 75 -08 I - b7 .21
" . rattitudes :
. B. Scrambled Version (N = 22 Classes) '
‘ Input Outcome b
1 2 3 b 5 Mean . S.D.
1. Aptitude X . =02 8 19 -32 103.5 8.3
2. Preattitude L-02 21 71 -03 4.7 .66
3. Achievement . & 2 16 -27 20.2 ' 7.8
. Interest in Spanish 19 . T 16 -0l - 10.3 1.6
5. Programed Instruction -32 -03 -27 =01 .52 27
_Attitudes
i
e Note:- Decimal points have been omitteqi from the correlations.
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’ h;gpendix A

-

ot ’ - Sixth Grade Enrollment Form - Page 3

Thé' following four questions deal with your opinions about taking Spanish.

Please check one answer for each question -- whichever vest describes how you
feel. Remember, your answer will not have any bearihg on your marks or your
standing in the class, so please answer honestly.

k)
b

16. How long would you like to study Spanish?

0 I would like to drop Spenish right now

D‘ ust this year, but no more : -

O re than just this year . : B
17. Do you think Spanish should be taught in the six:i:h grade?
. 0 %o

O Yes

(] I'm not sure \

£ -

18. How.much did you enjoy Spé.nish last year?
0 Avout the same as my other subjects
[0 More than my other subjects
0 Less than my otlller subjects
[0 I did not study Spanish last year

19. Did studying Spanish help you in English?
O No
O 'Yes “f
O I'm not sure :
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-

Your Name Teacher's Neme

School ' _

STUDENT QUESTIONNAIRE
/
JLast year in the fifth grade you learned how to speak Spanish. Now as
sixth graders you are learning how to read and write Spanish. Some of you are
learning to read and write Spanish from your teacher, others are learning from
Automaf‘ed Spanish, a progremméd textbook, and still others from Your teacher

and programmed textbooks -

Here are some questions about Spanish and about the way you are learning it.

Read each question and the possible answers.

Decide onl your answer.
Put & check mark 1ike this v/ next to the answer you chooge.

Make fure you answer each ¢uestion.

-

1. Ho% are yéu now learning to read and write Spanish? N

a2, From my teacher )
b. TFrom programmed textbooks

¢. From my teacher and proérammed textbooks . :

2. If you had your choice, how would you want to learn Spaniah reading and
writing?
a. From my teacher
b. From programmed textbooks ‘
¢. From my teacher and Programmed textbooks.

3. If you had your choice, how would you want to learn arithmetic? }
a. From my teacher 7

b. From programmed textbooks

¢. From my teacher and Pngérammed textbooks

%

4. If you had your choice, how would you ﬁant to study English? !
&. From my teacher /

b. From programmed textbéoks ’

c. From my teacher and Programmed textbooks !

f f

16




6.

10.

If you had your

-B2-

choice, what foreign language would you like to learn in

tne sixth grade?

If you had your
high school?

French
German
Latin
Spanish
Rus s;ia.n
No foreign language

choice, what foreign language would you 1like to learn in

French

German

Latin

Spamnish

Russian

No foreigr} language

How much did you enjoy lea.rniné: to spegk Spanish last year?

a.
b.

c.

| ) ’

How mueh do you
a.
b.
c.

How often do you-read Spenish newspapers; stories, and so forth on your own?

More than my other subjects
About the same as my other subjects
less than my other subjects .

enjoy leamming to read and write Spanish this year?
More than my other subjects ‘

About the same &8s my other sibjects

less then my other sub,jects

Do not include your reading for class assignments.

T

a. Rarely or never
b. Once in a while
¢. Often
How often do you iranslate Spanish on your own? . \‘\
______a. Rarely-or never \
Y. Once in a while
. _c. Often
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11. How often do you think in Spanish when you are not working on your class
assignments?

a. Rarely or never
b. Onee in a while
¢. Often

12. How often do you EEEEE to your friends in Spanish?
a. Rarely or never
b. Once in a while
¢c. Often

13. How often do you speek to your parents in Spanish?
a. Rarely or ﬁever
b. Onece in a while
¢. Often

14. How often would you like to take Spanish this year?
a. Every day ' f
b. 4 times a week

¢. 3 times a week
4. Twice a week
e. Once a week
f. Not at all

I

15. How long would you like to study Spanish?
- a. I would like to drop Spanish right now '

b. Just this year, but no more
¢. More than Just this year

16. Do you think studying Spanish helps you with English?
> a&. No A
b. Yes |
¢. I'm not sure

17. Do you think studying Spanish helps you figure out the meaning of new
English words?

a. No
b. Yes
¢. I'mnot sure

18




