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AND QUALITY OF EXPLANATION. IHE TEACHING MACHINE FAILED TO

HELP THE STUDENTS BUILD DESIRABLE ATTITUDLS TOWARD PROGRAMED
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FOREWORD

The genesis of this report was a publication by the
} : § ~ U.S, "Office of Education which revealed that Illinois was

one of the few.states that had done no research on the use

Ko

of the programmed instruction in industrial education. This

AT AL SR

prompted the preparation of a proposal which was forwarded ' hé
b ' to the StateiDépertment<of Vocational Educgtioh and subse- “ |
‘quently supported by that department and by the University .§
of Illinois, Department of Vocational Technical Education. | h

‘The major portion of the conduct of the experiment, §> ‘

2 2T AR

the data collectlon, data analysis, and the writing up of . : .

~ this report has been the responsibility of Barbara Rosen-

c i ~ quist and Mark Miller who are credited as the authors of e

ISP

‘this report. .
. \\ - % {u~ It is the hope of the persons xnvolved that thlS
| C experiment will generate interest in classroom experlmen-
tation and that this experiment will be the flrst of a :
series involving the State Department of Education and ‘the 5\'
Voc;tional Technical Education Department of .the University |

o ien e e

P and the faculty thereof. The students, faculty, and . :
| Illinois public educatlon will undoubtedly profit to some - o
q extent from this experiment and the report and additional
? _ experxmentatlon which 7t is hoped will follow.

Hilliam John Schill . '

[ORE PA NAIoRS

)
- Assistant Professcr :
g Vocational Technical ‘ \
§ Education ’ .
': : )
;.
N r ‘
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2 . student with the knowledges he must have, and to do so- in
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. INTRODUCTION

Industry is not theﬁOnly“gronp to feel the‘quickening ,
pressures of automation. The requirements necessary to

. gain entry into the occupational setting have been rising.

Incorporated into the knoﬁiedge necessary to fulfill a job
function is an increasing reliance upon the interdisciplin-

. ary knowledge upon which the industry is predicated.

However, even with the postponed entry into the labor field,
there is insufficient time for the wvorker to master”both the
abstract scientific concepts which contribute to the devel-
‘opment 'of new processes, and the techniques and practical

~ application of those ccncepts in the production setting

(Schill, 1964, p. 3). .- -

The pressure of this development must be borne in part

" by the people who have elected themselves résponsible for

pggparing the worker for his future job-functigngythe edu-
cators. It is up to them to realize a way of equipping the

the time allotted him,

- This implies that more effective teaching methods must
be inaugurated; that the instructor must be sensitive enough

“to the times to realize-this. To date, industrial education

programs have been alien toward accepting these viewpointsl

Bateson and Stern (1963) have examined the matter of "educa-

tional objectives with an attempt to identify and clarify
those objectives which are proper and dominant for industrial

‘education. ,They have outlined their beliefs for the basic

causes of proliferation in prerious industrial education

objectives with suggestions toward ultimate 1mprovement.
This is but one example which demonstrates the need for

‘ action. "To realize an' effective solution to the problem, -
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* (industrial education) teachers, supervi-
‘sors and teacher educators must critically
analyze their past performance with the
aim of providing better instruction and
inaugurating pilot programs that can test
new ideas. (HEW, 1962, p. 6u)

Related Research

Instruction is the process by which a teacher presents
subject matter to a learner so that he responds to it in a
way that enables the- teacher to determine the next iten of
1nformation to be presented.

The planning of instruction will continue to be the

| province of the teacher,‘however, recent research has attemp-

| ted to show - how the implementation of this instruction can

be accomplished automatically, through the use of teaching
machines. _

To this end, researchers have heen concerned with deter-
mining what specific functions are to be optimized and, sub-
sequently, the best/way of accompiishing this. They have |

enmployed means to manipulate the stimulus to which each cri-

. terion response is attached.- Furthermore, they have varied

methods for eliciting the desired performance, predicated on
different reinforcement techniques. :

7 One result,that is apparent from a survey of the»reseérch
is the effectiveness of machines for teaching a variety of
different subjects or materials' a second is its effectiveness
for a variety of different learners (Stolurow, 1961, p. 103).
However, the question, "How well do students learn from
programs as compared to how well they learn from conventional
methods of 1nstruction°" cannot be answered so confidently.u
On -one hand is the situation which can be explicitly con-

trolled, on the other is the situation that is unique to the

type of teacher and course.

R e




B USRS U SO SV U YO VDL R

LT LS T e S R e PHA S £ SR OV T NP WOV Ssey SIOPPTR Ut T Uty
o

i i . @ &
k1 ‘e w s R

N "
s R v o i §.‘
v * . '
N - o
. .
. - a . ‘
o

Ak b s Al

One of the more comprehensive investigations of T
' programmed instruction has been conducted by Geer (1962)

under the sponsorship of Bell Laboratories." ThiS'study“

compared the performances of thyee groups: conventional-w'<
instruction, -and programmed instruction with and without
,laboratory experiences, also programmed, coverxng the
subject matter of basic electricity. Pre-tests with Form
2B of the 0t1s Employment Test (Electrlcal) and a test con-
\ S 'structed by the investigator, with content drawn from con-
i - -~cepts in the verba{ program, showed all groups to be drawnm'
from the same population. ‘
The group rgceiving programmed theory and laboratory -,
~ exercises gained significantly more electrical knowledge
\ j than either of the other group condltlons as indicated by |
| a post-test constructed by an external group, the Commgnlca- _ .
‘tions Social Science Research Department of Bell Laboratories.
| Thirty six similar reports, comparing programs with con- —
ventional c}assroom instruction,. were tabulated in an annota-
ted bibliography prepared by the U.S. Department of Health,
. Education, and Welfare. Of these ‘thirty-six comparlsons,,
a eighteen showed no s1gn1f1cant difference when the groups
were measured on the same criterion test. But seventeen _-
éhowed a significant superiprity for the students who worked
with the program, and only”bné éhéwed,a final éuperiority
for the classroom students.’ , ’
By and large, the experlments to date have been conduc-‘

ted over short _periods of time’ w1th a small number of students.

These have been basically éxploratory in nature.. There are R :

. N ~ some results, however, that indicate the desirability of com-

; paring student achievement in the traditional teaching pattern |
|

. | | .
~over the same length of time. It is suggested that the | - -
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 pesearch reported herein will fprther tﬁg‘investigation in

that previous research indicates that the materials to be

‘preseated and the mode of presentation are equivalent to,'
if n6t.betterathan, other existing programs and modes.
Moreover, the research in this' area has_characteristieally

f /
' » dealt with factual assimilation to the exclusion of the

emotional aspects of this new approach. Some studies which

did consider attitudes ‘and d .feelings of the learner (Collins,

'1962) limited themselves to very unstructured 1nterV1ews
- with no attempts at quantlflcatlon.

This study also represents an effort to.getect, assess,
and quantify changes in attitude toward programmed instruc-
tion as-it is presented.by the teaching machine qver an
extended period. | ' ~ ’ "

-

The Problem - - . - ’

‘College of Bducatlon, Un1vers1ty of 1111n01s, Urbana, - '

Industrial education concerns itself with the theoret-

ical information and the manual skills needed to perform

satisfactorily in the occupatlons as well as the relation-

sh1p of these sk111s and knowledges to the culture. The
prOJect method that 1s 80 w;dely used 1n 1ndustr1al educa-
tion is expens1ve in time and energy, and-in addition, it
can well become the vehicle for occupying stddent time while
negating the necessity of keeping abreast of .the applied

theory and industrial skills which should be.part and'parcel,f
of the'educational ‘setting. If today's‘industrial arts

teachers are meek, mild, and mediocre, it may well be becanse
they have insufflclent preparatlon in the theory appllcabJ;
to their subject matter area. -

The Department of Vocational and Technical Bducatlon,

o — e e e e s w4 e e e ue s U P S—
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'currently offers a course in general electricity which is
concerned with an introduction to basic theory and indus-

© trial practice. .This, is'nOt an atypioal course. If the
teacher tra1n1ng 1nst1tutlons are going to produce teacher;
ucapable of 1mpart1ng the fundamental abstract theories of |
electronics to hlgh school students, and at the same time, | |
acquaint them with the basic.skills necessary to gerform in
industry, there must be an increase in the efficiency of the

e, ‘d'_ presentation of materials, ' T

; "Automated programmed 1nstructlon prov1des a poss1ble

,f ~source of 1nd1v1duaL¢student tutorlng. The availability of
| programs written by«experts in the f1e1d may serve to

- expand upon the tea¢her s knowledge of that field. Subject
’ matter presentatlon by programmed devices could also serve

B"to £fill the gap when qua11f1ed teachers are not avallable. | 5

_The generallst in Lndustrlal arts may'be able to improve his

t aching by relylng, in part, on programmed materlals which u ‘;%
cover theory he 1s not prepared to teach,

- The study reported hereln, because it is a long-term |
S | intensive study of a small group, can properl& assess stu-
7 dent growth and the change of attitude toward programmed

materials as the result of exposure to them.

Objectives', . ‘ L , - 'E
i . The objectives of_thiS"study‘were to: f
1. evaluate the efficacy of using an existing automated

instructional device, which has been programmed to b -

permit individual study of the abstract theories of - '
electricity: and current appllcatlons in 1ndustry, B

in teacher tralnlng,

¢ ! ‘ : . > CF ' |
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2. evaluate the effect of practice in application upon
student achievement in related theony;
3. evaluate initial learner attitude toward programmed
. ‘instruction and subaequent attitude shift as a 3
result of continued exposure to this instructional _
i technique; and o -
‘ 4. acquaint prospective industrial education teachers ff
3 ‘ with.newer educational media. 5
- B
) . , ) :
3 i
e

gt e
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METHODOLOGY ™

Subjects . | e

E ‘ | ' The students enrolled in VoTec 285 General Electrxcxty,
[ . ] and Aviatxon 181, Introductxon to Electronic Theory and Prac-
| ‘ | tlce, comprxsed the populatxon of the study. The enrollment
‘of these classes was fifteen Students. While prior studies
have used considerably largér N's in 1nvest1gat1ng the effects
of programmed instruction on student achxevement, it must be
recognized that these prior ‘studies were also conducted over

! - a relatxvely short time and the exposure to programmed instr-

T T e e Tt T e s riag -
-

NP TR et e L e s
-0

uction per student was measured 1n minutes or hours rather

E _ than months, |

; . The students in VoTec 285 were assigned to one of two

| groups: - five full-txme in the lecture-laboratory setting
and four full-time in the programmed instructxon setting,

.« The assignment was on the basis of pre-test\achxevement
scores in electrical theory, The students were paxredxon
pre-test scores and then randomized into two groups, stng

1'_Kruskal-Wallis one-way analysis of variance,* it was ascer-

tained that there was' no signxficant dxfference between the
groups at the 5% level, 7 df. | :
The students enrolled $n Aviation 181 comprised the

control group; they had no knowledge of the existence of
the experiment. . g

e k88,0 AR LA RIS

/M\,
.\-
]
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. #The Kruskal-Wallxs (R) oné-way“analysis of variance does
not require normal dxstrlbution, but it does require that
. the data being analyzed be continuous,

The reason for using this statistic is to determine \
if the differences that exist among the test scores in this
study could have occurred by chance. The Kruskal-Wallis (H)
statistic compares the placement of the sub-groups withzn.
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All three groups were assumed to be random samples from

a common population, again, H not significant at the 5%

. level. ; .

The quipment

The Autotutor Mark II is a partially a&aptive machine
built by Western Désign; it is illustrated in Figure 1.

(

o
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Basically the Autotutor is an automatic, random-access,
35 mm recording progector displaying one frame at a time,
The student finds the first unit of subject-matter infor-

SR

mation on image 1 of the f;lm, along with a multiple-choice

 question based on that unit of information. He then selects

an answer to'the multiple-choiceAquestidh, enters into a
keyboard the frame ﬁumber (address) accompanying the answer
he selects (a frame number is always located beside each
alternative answer) and presses the button. of his ch01ce.
The dev;ce then automatlcally locates and projects the image

'found at the address selected by the student. If the correct

answer to the multlple-ch01ce question was chosen, the image
seleptor will not only contain knowledge of results, e.g.,
"you are right," but also will contain the next unit of
information, and the next question. If an incorrect alter-
native is chosen, the oorrespondlng image will tell the “
learner of h1s error, provide 1nformatlon designed to correct
the partlcular error, and direct him to return to the -image
at’ whlch he made his mistake and try agaln (Stolurow, 1961,
p. 31), ' z

-Appendix A contains three frames which typify thoée
found in the Autotutor program on Electronic Theory. These
show the statement of a problem, an incorrect solution
response,‘and a correct solution response, respectively.

A recorder was connected to the machine‘td‘print the

" number of frames visited by the student. These data were

utilized for computation of error rate.

Develgpment and Conduct of Instruction

The author of the proposal that resulted in support for
this study was engaged for a year and a half in the editing

)
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of the material on electricity and eiectrcnice fbrysduceJ
tional Science, Incorporated, Division of U.S. Industries.
In his opinion the material is eufficiently detailed and
adequately programmed for use in tnis study.

The progrmed instruction device {u housed at a sep~-
arate\;ocation from the rest of the facilities for students
in electricity. A log nes kept of student time which also (6
served as a check on error rate and number of frames eovered
during each session. To minimize student involvement with
the(device, and to maximize efficient utilization of the
proﬁranned material, the machine was always in operlting
order witn the proper film installed and on the right frame
for the student who was next to view the instructional mat-
erial. Students viewed the progremmed material by eppoint-
ment, permitting the participation of four students with
only one programmed device. -

- The lecture-lab instruction included all of the infor-
mation that was included in the programmed device, although
it was not necessarily presented in the same order. The
lecture followed Electronics for Scientists by H. F. Malm-
stadt and C. G. Enke (W.A. Benjamin Co., 1962). The text

'was elaborated upon as needed to clarify concepte for the

student. The laboretory sections consisted of breadboarding,

,circuit analysis, and measurement exercisesgdesigned to -

reinforce the lectures and readings.
.The students enrolled in thie course attended class

.for one semester. During the first week, the pre-test was

administered, the data was analyzed to determine the class
grouping, and orientetion to the programmed device took
place. Additional sessions were used for criterion tests




11 s

and thc final oaanination (post-test). Considering these 2
‘intervening variables and the fact that an instructional |
hour is flfty minutes, tho/totll time available to the
students in the formal instruction setting was about sixty-

| fivn~hours for each group. ' '

'Instrulonts . --n - “

The data collected during this study vas co-prised of
the 1nfbrlation found in Tablc l. The test moasuros e-ployod
- are described bolow for further clarificaticn -of the content

" and the ‘method onployed.,

. l. Pre-« and post-achiovamont tests--Tbo achievcnont
test was first administered to students in January,_;ssa.;
The split half reliability of this forn was .873 (each
concept tested was represented by two versions of the same

- {tem). From this, an item analysis was completed which . -
identified the 151 items to be retained for use in the r o
‘experimant. T |

2. Semester quizzes--Two objectiva tests were given
during the course ‘of the semester. They ccnsisted of
twbnty-five multiple choice qnestions designed to measure
specific aspects.of electricalgtheovy that had been covered
up to that time. 5 ‘

3. Laboratory practical teat--This test was prepared
to assess student capability on the use of basic test and :

: maasufiqg equipment. It involved the use'of'the volt-ohmmeter g
and oscilloscope in a variety of applications. Grading was ‘5
done through a subjective aseessment by the instructor with |

'éacﬁ item being scored "zero" for poor, "one" for fair, and
"ewo" for good. '

RSP
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" - snalysis and electronic theory of a more advanced nature,

12

4

4. thepaion teat--Thia test was of the same form as
previous written exanin.tions. however, it covered circuit -

e T T

The purpose of this test was assessment of upper 1imits of
understanding in this area.

5. Attitude evaluation--At the beginning of the study

it was determined by means of a brief questionnaire that

although many of the students were somewhat familiar with
programmed instruction, none had any prior direct contact

with this type of teaching. (See Appendix B for a sample
quastionnaire.)* '

. After considerable investigation of the types of tools
being employed for attitude’ assessment, the decision was
made to construct a device containing 25 ‘statements about

.. programmed inatruction and ask the students to react to each -
‘hstatenent on a graphic rating scale. (See Appendix C). ' The

responses range in five steps from "Strongly Agree" to

' "Strongly Disagree" with the number . three or center choice
- indicating "No Opinion." This type of rating scale is a

variation of the Semantic Differential whidh has been devel- |

_oped and used very effectively by Osgood to measure "the
meaning, in a given sense,_to any 1ndividua1 of 1itertlly

any concept within his ken" (Osgood, Suci, and Tannenbanm, ?

1957, p. 91). - ' o

*Bxamples of the questions from each of these tests
appear in Appendix D. .

e
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TABLE 1 . |
Mean Values of Variables Investigated :
4 .
Lect- Prog. Inst. | T
‘Lab Instr. of Avia, g
) - N=5 N=4  N=6 =
Age Q . 23.60 20.25  20.11 o
Total Sem. Hrs. Completed 55.40 64.00 . 9.33 :
| - Total Hours Related Study - 12,20  9.25  10.00 ”
| S o ,‘- Math . 820 7.00 .. 7.17 “g
f N ~ Physics 2,60 2.00 - . 1.33 §
' ;lecfricity-zlectronics ~ 1.40 25 - 1.50 .E
Attitude ' . ' ) {
. Pre . //:?§§o +9.00  -11,50" §
Post - - /// +1.40 -3.00  -13,17 5
~ Criterion Tests - %
é | Pre-test (%) = 4l S4 50 3
s N 1st Quiz (%) . 86 66 ‘
| ? . 2nd Quiz (%) | 86 68 f
i | Post-test (%) Au:ﬂ; 88 83 82*
;.M/ o Practical Test (%) " 82 52 |
thension Test (%) - 51 48,
Total Time (Hours) - - . 64.19
) - Total Frames Vxewad | ] 3382
\ " Raw Error 1175
.~ Ervor Rate O o su.ses |
" Raw Growth . - “ 3, 29,25  31.80%
Possible Gain . 69.60 6425 34.2* f T
% N = 5 for these values | ) I
) ) . 3 -
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_effect on these relationships.

RESULTS AND DISCUSSION

Measures of achievement were predicated upoﬁ a pre-test,
two criterion tests administered at intervals during the
semester, a practical performance test, and an extens;on test
which went beyond the materzal covered in the course. The
;otal frames, totalvtlme, and error rate -on the Autotutor
were computed for the students using the programmed material.

The control group at the Institute of Aviation waéronly'

administered the pre- and post-test; therefore, the N for

" assessing the relationships between the various test comsis-

ted of the nine students enrolled in the lecture-lab and
programmed instructibn groups.
Table 2 presents the 15 inter-correlations among the

"various tests. It was expected that they would be highly

inter-correlated because they measure essentlally selected
aspects of the same body of knomledge. However, not evident
from the table is the fact that type of instruction had no

S

Kruskal-Wallis one-way analysis of variance was performed

to determme if the ach:.evement of the students, on the cri-
terion test, was comparable.among modes of instruction. There

was no significant difference, using H at the .05 level.
Therefore, it was decided that a measure of gain, rather. than
raw score achieveﬁent, might be a more meaningful measure to
use. This would consider the fact that the students were not
starting at the same initial point in their mastery of the ,
suhiect matter (as witnessed by the pre-test scores).
Achievement might be better described by locking at how much

‘the students elevated their knowledge from differential
. starting points.,
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_ . TABLE 2
The Relationship Between The Testing Procedures Employed

!

l. Pre : X

ERTIGTCIPT I LR W I cA ) &

2. 1lst Quiz*®  ,31 X
'3, -2nd Quiz#* .85  ,77% X
4. Post - 43 L.Bl% 7%  X.
'S5 Practical®** _ 49 «79%  ,93% .59 X
. . 6. Extension®* .63 .59  ,73% .61  ,76% X
| 1 2 3  u 5 6
—- |

*An asterisk denotes sxgnxfxcance at the .05 level af
. varying on N,

. **These tests are -based on an N of g, bexng that. they were
- not administered to the control group.

ho'2d
Measurement of Ga1n

4 Heasurement of galn was done in two ways. One was to.

assess the raw score gain’'from_the pre- to the post-test.
Another method was to assess the amount an_ iﬁdi!idhal.gained
compareqngp the amount he possibly could have .gained. °This
wa;macccmpllshed by taking the raw gain (post-test score

' minus pﬁe-test score) divided by possible,gaip’(possible

. score mgnus pre-test score) to give a percentage score.

'Theseotwc methods were then correlated, r equaling'.52,

- which is significant for an N of 14 at;thekfibe percent o
level, ~The opinion of the researchers was that thefpeggggt "
of possible gaxn was a more descrxptive measure. Since it
was h;ghly ‘correlated with raw gain, it was ‘the computaticn

2

which was used for the remaxnder of the analysis.

Kruskal-Wallis one-way analysxs of varxance was used to

o assess the gaxn 1n the above measure because of the small N

e e s O

S A in each group and ‘the unwillxngness of the researchers to ' _ ? .

REERE L

P

N S,




- T e T TN T e T T
.

= e

o
AW B bt ALV S T - AT HEd B e AT LR il Al S s

PRIE ST OIS SHS R S W VE

o - é
‘16
. . A 4 . , s
/’assume a normal distribution. The calculatﬂén resulted in
-/ an H of .2, which indicated no significant difference among
( the three groups in achievement as measured by growkh. This
. s portrayed graphzcally in Pigure 2. |
The 1mportance of this finding rests on the amount of
time invested by the groups in studying. The programmed
instruction group did as well as the lecture lab group,
with no outside reading or homework. Consequently, they
spent conszderably less total tzme on study than did the 3
100 :
~ 90
.80 ,
o @
(pI)
o = OB
60
’ g . . - -
g SO - - ] :
a, . -
40 . ' [ :
| - e '
20 .
| —] | P
10 -
‘ III' L,
g_
Fig. 2 Possible Gain by Group" %
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‘; ‘ other two groups. Of course, this could overlook the possi-

bility that the total time studying theory would be about

. equal when“it is realized that the lectuneflah and control

group spent approximately 2/3 of their time in lab.
| "

Scores on the Extension and Practical Test

P | The purpose of these tests was to determine if the

- o "o significant difference" comparison between the lecture-

g T P b - 5t g e s

3 lab and programmed instruction group* would break down when°
| l.' The groups were asked to extrapolate
beyond the knowledge gained in this-

S R

eoﬁrse_on an objective test, mainly

covering theory with some circuit

S PNt STUOVIPIERE ALY

- analysis., *

. _ .2 The groups were asked to demonstrate

LTI

their ability to use simple test and
,;' ’ meaéurement devices; ope group having
been actively involved with this tyne - ;
of material, and the other having only g”i
read about it. . “ , m - i

~ * N . e ) B : ' - ] , !
o The extension test was analyzed via Kruskal-Wallis

R X SRR N R LU OW, Y

S P TR s v YT

e 2R Nt

| One-way-analysis of variance resulting in an H equal to .S;Q\

.G

Again we find that the assessed method of instruction did

not contribute to any significant difference.

N et g

Using the same analySie of variance technique to assess
~ the scores on the practical resulted in an H of 2.9. This is
significant at the .05 but not at the .01 level.

a .
SPVARIARY ST NEPUL LERIPIURINIE ST S SO SRR I ET WA

*These tests were not administered to the centrol group f
at the Aviation Institute because the time involved impinged ‘
too greatly on their allotted schedule. Therefore, the N in
this. case is 9. -
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| Undoubtedly, the small N in this case is contributing
in part to this result. There is still something not to
be overlooked; this is the fact thét the students in
. programmed instruction, having no intimate relationShip
»~ with the devices -- only the theoretical presentation,

bl

, . were still able to demonstrate an acceptable performance

BN W T AT £ P e AR T

on the practical test. Table 2 also shows significant
relationships between the practical, the two quizzes, and

; o f . th extension test. This further indicates that the rela- .
| | tionship between theory and practice in the lab is not
P

being fully exploited with the size of this group and the
length of time ‘involved. - 4

The Influence of Variables Other Than Tests on Achievement

An attempt was also made to analyze the effects of:

e %y ASMALE o St L bbb LTS i ey

|
l., previous formal educational
f experiences related to elec-
“ § N tricity;
' I 2. total semester hours of uni-

versity study; and

PORS IR SIS AT SRR

3. age on the assessment of gain

| in this course. |

: - ;  " To this end, the students' exposure to mathematics,

" physics, and electricity-electronics in the formal educa- .

N tion setting was totaled and the inter-correlations computed. 1

/ / | Since the total time of study in these areas corrélated sige

nificantly high with the individual courses it is%fhg-value | 1

which was used in the analysis., The effect of this variable T o ‘l
1
|
|
|
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did not indicate a significant relationship with any of the §.
others. It was concluded, therefore, that the measures of ‘fk
achievement in the experiment were sufficiently independent = i
of past studies in these three areas so as to be ignored.

Age, as another gross assessment of experience, was o f
also found to have no significant correlation with any of
the other variables. However, total semester hours was
related; the effect coming 1er§e1y from the fewer number
of hours comoleted by the group at the Institute. This

. - was highly correlated with the amount of physics studied.

° f' - The apparent reason for this is that the study of physics
o on the University of Illinois campus is generally postponed
by education students until later in their academic careers.
Essentially then, this can also be ignored in looking at
achievement in the experiments.

Performance on the Teachingfuechine
This researchﬁindicetes that there  is no tenable basis
for rejecting the conclusion that one method of instruction

is more satisfectpry than another for a particuler group of

~ students. However, there are still some interesting insights
to be gained from taking a closer look at what was taking
place with the students using programmed instruction. Figure

* 3 shows that this method started with a group of students
whose differential starting points were similar (range of
pre-test scores) and diversified them with regard to their
final achievement (range of post-test). On the other hand,

" the lecture-lab method started with a group having a large
range of scores on the pre-test and brought them up to .
similar levels, as witnessed by the small range on the

)
A ?

post-test.

ek
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100
90
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P P PSR TIE

60

post-test ($ correct)

504

‘10
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-10 20 30 40 50 60 70 80 90 100
> pre-test (% correct)

Fig, 3 The Percentile Range of Scores by Ind1v1duals
for Pre- and Post-test

[E——

A eay e vl S e R

o

A e -

This finding would appear to be at odds with the popular
conception of programmed instruction. Research has 1nd1ca-
/I % ted that the use of programmed learning would serve to
g decrease the effect of students' heterogeneity on teaching
) j practices. Student differences would show up at the beginning
‘j of a course of instruction and would be reduced by the .end of
'i %the course, each student proceeding at h18 own pace,
For the purpose of investigating this flndxng three
% additional variables were computed. These were: total
time spent on the programmed mater1a1 total frames, and
error rate,

U, IRV 7Y

Total time was simply the amount of time spent by each
student viewing the material, -

o
S

.
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 Total frames was the number of frames viewed by the
student as he progressed through the various topics covered
on the programmed reels. This was considered pertinent;

inasmuch as there was a minimum number possible in order to

- complete the reels most efficiently.

From this information, error rate was computed; this
being the complement of the number of frames viewed, divided
by the minimum number possiblL to view in order to_complete
the program reels., ‘The.calculatioﬁé were based on the four
larger reels of programmed material which were viewed by the
students during the middle part‘of the semester. Ig‘yégqcom-
puted this way, rather tﬁan for all of the reels, iﬁ 6rdep to
overcome the differential diffic&ities in orienting the stu-
dents to the programmed instruction devicgvahﬁ'tO'overéomeza
the differential anxiety manifest in the later stage shortly
before the final examination, .

By inspection.of the data, it is apparent that the total
gﬁmber of frames is highly related to error rate. This value
is ifreSpéctive of total time. In other words, time is the
crucial factor. Given the same amount of time, the student

with the higher rate of error will progress through the mat-

‘erial more slowly; hence, his performance on the criterion

measure will be affected inasmuch as he covers less content.
Therefore, when the‘tihe elipent is constant, it would appear
logical to expect the divergence shown in Figure 3 if the
student Proceeds at his own rate.

" In the lecture-lab setting the student is held to a time
schedule. He is, tberef.or.e, exposed to the same amount of
material as everyone else and has the option of studying on

“his own to brush up on those points about which he is in doubt.

His contemporary on the teaching machine cannot proceed to the

& /
. ’
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uext.pdiﬁt until he has mastered the présent information,
The suggestion here is that. even\though performance on the

qptimmm procedure for using a programmed device would be t

'criterion test does not show any significant difference, f‘:

have the length of the program time in accord with the anti-
cipated progress of the less proficient student.

Attitude Evaluation , }

of the study the reaction of

each of the three groups towé
elicited. The attitude @

into three areas as folldws: (1) presentation of material.

At the beginning and end
programmed instruction was

instrument was broken down-

‘as’'related to note taking, understanding, and retention; |
(2) student-teacher interaction and values derived therefrom;

and (3) general assessment involving gross comparisons of
programmed instruation with conventional teaching,

Each response was weighted according to whether the
statement being responded to was positively or negatively
oriented. That is, if space "2" .or "4" were checked it was
scored tl1, and if space "1" or "5" were checked a score "of 42

- Wag -attached. | ' *."?f

The results of this’study.showed the following éﬁanges"
in attitude (see Figure 4). As might be anticipated, the

lecture-laboratory group underwent relatively little atti-
tude change since it was not in direct contact with program-

med instruction. This group began with a negative attitude“

séore (-13) and moved 20 points in a positive direction (+7),
.The control group at the Institute of Aviation was the most
stable with a range of only 10 points. This group began with

a high negative score (-69) and moved even more negatively »
during the course of study (-79). It is suspected, however,

.
,/ '
:
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that the atti%ude displayed by this group'ﬁdght have reflected
a'me;sure of irritation with the study-itself rather than a

. particular reaction against‘prgérammed instruction. The pro-*‘
gfammed instruction group qént from a very high positive score
'(+36) to a negative score (-12) with a total change of 48
points. ) ,

Since only:yhe programmed instruction grpup“wasyexposed .

to the teaching machine, it is not ‘surprising that it is the .

only  one showing any appreciable shift in attitude during the
B ! 9 precial

expgffgggg.' The initial positive reaction may well be attri- S

buted to the presence of the Hawthorne Effect. That is, at

the outsetfmgﬁbers of this‘group'ﬁere reacting to the novelty
‘of the situation rather than to the reality of learning by / ¢
this. metliod. As the study progressed, the machine lost some
of its newness and, consequently, the attitude of the group

o . e i . it it O Eoe R A SR &
- . PRREICRS R SRS S I S IRSERC N i N RS W Cavas [ .
o g 2 it e ey Lo it Cinghuser S T P i L i 3y o0 B N S LR S >, T e A .
TR R B TS D P g R e RS S R s T o T : ' .
s N )

/

/

B s 2 e
.

B3R R U AV &)

S 7 e

-80 =70 =60 =50 =40 ~30 -20 -10 O +10 +20 +30 +40 o
Fig. 4 _Attitude Shift (Direction & Range) o | S 1
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«

o

hegan to grow more negative. This definite negative shift :
. .was reflected in a more critical reaction to prnctically all / ;
areas covered by the attitude instrument with 76% of the SR

i s e s o Bt

statements receiving a more negative reaction, Only 12% ) %
. moved positively with the remaining 12% showing no change.
. The most significant positive change in attitude occurred

e g e e Tr o ot e e

. with respect to the level of concentration thought to be
o required by the teaching machine. ' Pre-test responses indi:a-
ted that students strongly agreed that a very high level of -
~ concentration is necessary. They later concluded, apparently
P 2 as a result of increased familiarity with procedure, that

SR P S I - ORI | S ¢ 3

this is not a distinguishing characteristic of programmed

[P PR

i instruction. |
Specific statements reflecting a marked negative shift
* in attitude dealt with blanket endorsement of programmed

o R AN bk

/instruction, effectiveness in teaching slow learners, and
quality of explanation. In these areas students were most

b e A b Sk

critical of programmed instruction.
2 This definite shift in attitude would cértainly seem to
- be an indictment of the concept of total mechanization of

ke Ak
-

teaching. Many of our leading educational philosophers;
following Dewey and Kilpatrick, have emphasized the need
for satisfaction in the course of‘learning if it is to be
effective and permanent. - | |

" The teaching machine appears to have failed to help the \

L s S e st R ok oma ir hIN

/ student build desirable attitudes toward programmed instruc-
\\ tionT This is not to say ‘that this device is without merit, S

I U T TN DS Y -

~inasmuch as learning has cocurred despite this shortcoming,
/ It is apparent, however, that the fundamental, socially-

/
{ oriented nature of the human organism will have to undergo
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APPENDIX A

<

Appendix A" contaxns three frames which typify ‘those .
found in the Autotutor program on Blectronxc Theory. These .
show the statement of a problem. an 1ncorrect solut;on |

~response, and a correct solution response, respectively.
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Good, you probably had no dlffxculty spotting the
incorrect assertxon that 1ncreasxng E decreases the pouer
factor of a series RL circuit.

Here is you last question:

¥

Questxon u-

S

Look closely at the circuit and phase dxagram below. -

calculate the power drawn by the resistor?

.
e
E4600v a-c

, £27

é | .

é (cos 6 = 0.8) -

E (

i )

% . h .

r Z must be supplied. F

| | ppLis L -
I, must be supplied. . | , E
L must be suppliad. D
'L and £ must be supplied.‘ B

Nothing additional need by supplied. A -

~

772

‘What additional information must be supplied before you can
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el . sorry, your answer is 1ncorrect.

L er il dee s el
- N \ - . - . .
3

O - f;,_ Everythlng needed to f;nd PT 1s given. Look at the
N -;' problem agazn' ”*., N v,’*;: Qﬁ" ﬁh;; ‘

R “;:Q~"; E-GOOV a-c ’

Here.is‘the solution: .“» :
P.F. = cos 0 3 0.8; and P.F, = 5 ..
. .Therefore, = = 0.8, - ; Since R\=§50K,
o ! - : _ 50K _ | |
KR L Erow

o
n

(SN )

= 62.5K. -

A E—*. E is 600v a-c, 80,

P

- (GOOV)2
A 62.5K -

" . .Em‘ 5. 75 "atts. ,‘” .
S GP'I:“ .
o f'l\ﬁ;fﬁ‘ ,Flnally, R’Ff'='?;‘ ,Hsogi PT = PA x P.F. B :

Py = 5.75 watts x 0.8 = 4.6 watts

-

W"’ " o _gﬂé, o Thls solntlon 1s only one of several posslble using
~only thé data glven. W;th the proper grasp of the ideas in
this section, you should have -been able to.decide this for

yourself. A revzew is in order, please press Button I as

. - B " many- tlmes as necessary to return #¥the beginning of this

" cuaT - s $
? sectzon. A ‘ * 0 ,
i :
o s
t“ "
& . . 2
L3 ~ e
B
i <
: ) i
4 -
- 4 : . o £
» LN I o sk
. = S S
2 %
3
- o
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Very good. Whi‘ie you weren't asked to find a numerical
solution, you may be intéreated in seeing one.
E=600v a-c 222 . o
! SRR QY I,=? f
- L=? | | (cos 6=0.8)
" P.F. = cos 0, and P.F. =% .
' Therefom;‘ ' “%f 0.8, Since R =“50K,
' o _ 50K _ .
Z =98 - ~62.51(.
: ’ Now, 1 . % s, 8O
§ [ =800V
t = 62.5K = 0.0096 amp
. 2, L2_ 2 _ -4 v-
Squamng,tq get It 3 It = (0,0096 amp)” = 0.92 x 10 T
Using Py = IR,
P, = (0.92 x 107% Y=3B) 4 (5 x 10" ohms)
: > A T ohm "
= 4,6 watts
The next Section combines resistors, capacitors and
L ' . Yo
, inductors into a single series a-c circuit. It will give
you no trouble. |
~\To -conti_nue, press Button A.
|
1
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APPENDIX B

‘Appendix B"‘:»shows; a sample of the General Information
Questionnaire completed by all students participating in the
study. Each question has been ans,ﬁfez_'ed tc show a composite '
of the.:;‘vg‘esponses' (Yes or No) made by each of the three groups

“and the 'p‘erc',entag'_ggf of those answering in the manner :lnd{;j.catedy.-' 'A ;
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~ (last) — (}ipgf)

GENERAL INFORMATION SHEET
on
PROGRAMMED INSTRUCTION

@

PRI ORIy SO

S o- .
’
-z A o Pl v»« Cmml ez e
§

TR e B D e e T R T T

I. Have yoﬁ had any direct contact with programmed instruc-
tion or "teaching machines" before this semnster?
“If "yes", please explain.
Prog. Instr. | Lect-Lab Control Group

o | |

f . i | No (100%) No (100%) - No (100%)
| o

|

IXI. Have you read any books or ar%icles dealing with program-
med instruction?

S Yes (100%) Yes (20%) Yes (17%)
L ‘ | AN ‘
III. Have you heard or participated in discussions of program-
med instruction prior to this semester?

No (508) No (60%) ~ No (83%)

IV. Had you formed any opinion of programmed instrudtioa as L
a teaching technique before this semester? : f
If "yes", please state your opinion. -

Yes (25%) Yes (00%) ~ Yes (17%)
Neggtiva ] ' Negative

L s s Bt e 5 o S S st e b e S it
s
.
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APPENDIX C I

| Appendix C provides a sample.of.the Attitude Survey
Instrument d in this itudy. Shown in the "response" sec- |
tion of the ihstrument is a tabulatior of all student respon- ?
ses coded to distinguish between initial and final reactions. .
-Tho top section of each block indicates responses of the ?”.
programmed instruction group; the center section shows those -

; of the lncturc-Laboratary group; and the lower section contains ? )
. - : those of the control group. - Plus or minus notations beside ;

each number indicate whether that statement is positively or
negatively oriented.
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+l. Programmed instruction is superior

- g Progvanng& instruction adequately
- takes the place of 'lab activities

’-+5. Programm%d instﬁuction is desir-

34
Name '
(last) (first)
ATTITUDE SURVEY
, on S
PROGRAMMED INSTRUCTION ,
(please check you reaction
( -to each statement in the

o appropriate space)
+ = pre=test ”
& = post-tgét | | Strongly ~ Strongly

Agree  Disagree -
1 2 3 4 s

h*t N
N LT +++'*'| .;:

05 A L8 Aesied

‘to conventional lecture-laboratory | *]++
inatructiop in all respects. -

+2.’ Programmed instruction is desir-
-able because it allows students to |
advance at any desired rate.

+3. Programmed instruction is desir- ;
able because it permits accurate + H4e & d d . .
note taking. : | ’
’ ' ¥ keakily &y
+ t 3 1] 2 ] &

in the study of Electronics,

A

able because itipreséﬁks'infor- k) Ak} ok
mation in a highly organized form. +++
| . | R hhkRkipy o o
++ . : N
] Ankly Ak

NOTE: The top line. following each statement contains responses of
the programmed instruction group; the next line contains the
responses of the lecture-lab group; the last line comtains
the responses of the Aviation Institute.
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: . Strongly Strongly 4
% | Agree ' Disagree
B ’ ’ .
- +6. The fact that the student is 1 2 3 “ 3
- s unable to ask questions in pro- ++ | -
o ‘grammed instruction is of no ‘ | khk]y & :
, a serious consequence. . . +++ |- , i
| | - - : hkk | gyt o
| Ty . | » ++  [+eee
E L , | ' ' Rk kh
. - =7.  Programmed instruction should be | ~
i I supplemented with lectures for’ ¥ hk iy & *] + f
- purposes of clarification. I | -
. | u poh| din #
2 B T
| : T k& *
. +8+. A student should experience no | '
i difficulty in maintaining a high ++ * kN 4 + X
- level of concentration for at ]
L least one hour of programmed th i kR4 &
: instruction.

-9, Programmed instruction is of

’ S - little value and should be - . .
eliminated. ' . /
= . s P T * |
+10. Programmed instruction presents
material in a more interesting pt A4 iy w] |
form than is usually encountered [
i/n\ a lecture, : RN ELL L)

-11. Programmed instruction would be 1
more desirable if sessions were 2l Mo Ry b
supervised by an instructor. ‘

E * 4 k| 4 ppdeh]
+++
++ & hhk| 4 &

-12. Programmed instruction would work
-Wwell for a non-lab course such 'as |+ + + %l &

mathematics but not for a course r* ‘
in which'equip. familiarization § |ttt * | &kaa|, . , . |
lab procedure is important. . |+ ok als N g @
: X
&
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+15. The learner is more at ease and \
' relaxed with programmed instruc-

36
o - ‘ , » Strongly Strongly
) | ' - | Agree . Disagree
SR a | e 1 2 3 4 5
+13. Programmed instruction is a super- [ [..
| ior means of teaching the slow 14 *%lse & N
4 .learner., - -
. . ‘ - t | akkk] ppkk |y
| ‘ +++ |
| . | ‘ _ + %] kkk +4+ % %
3 -l4. The most' serious shortcoming of [
4T . programmed instruction is the lack * *k
Ly . of opportunity to develop manipu- s
v - lative skills, . | H+Ek | 44 % + k%
ol \' |

: tion than with a lecturer. L ++
: + Kk| hkk
; o hickk|y & *
' =16. It would be difficult for a stu-
dent to remain attentive to pro- |t Sl I T
A . grammed instruction for a period ,
| ,of two hours, - + t Kk prhkiy &
*o v - - hickkdl 4 &
: ' =17. A serious fault of programmed
: instruction is the absence of a Rkl 4+ |+ kL
' spririt of competition that +++ :
prevails in the classroom. - k] pkink |4 S

L , - - R e R pphk k% Iy

: -18. In programmed instruction the N N

T student is hampered by the lack B4+ K| ki), +

"of a learning experience’ such as | T 1

" that provided by public partici- [+ |4+ # +ihEk | Rk

pation in a question-answer sess. [ttt
: % | phkk|y ki

+19. Explanations provided by the

: - machine in proge. instr. are at 4+ Rk \ *
: least as good as, or better than, +++

o the explanatjon which could be L | rekk] kkk

: | - expected from an instructor. R U N P

B e TN
.

N e e e e e
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~+21. Programmed instruction reduces

Rl
‘Y—V""WW—T-W "

Coe 2 L .
il T u L Lot AT e kb R b DL 1

-20. Programmed instruction requires a

: much higher- level of attention and
concentration than that usually
required in a lecture.

(2

anxiety because there is no great
sense of failure or scorn: from
.others in the class when a ques-
tion is answered incorrectly,

+22, Programmgd instruction is superior
because here understanding is
assured rather than assumed for

any point or concept under con-
sideration.

+23. More material can be learned and

. understood in an hour of program-
med instruction than in an hour
of lecture or laboratory exper-
ience,

+24, Material learned by the programmed
: dnstruction method is more readily
. ‘retained and recalled when needed
from day-to-day and week-to-week
than the mat., learned in lec.

+25, Small details are more likely to
- _be ignored by an instructor but
- covered by the programmed instr.

Strongly
1 2
r+++
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Strongly

| DiSﬂéfee
4 S

3

* k| &k Rk
+44 | $5%k% %
j+++
kkiek |44 &
+++
®| Kkkk %
+ + Kiy kkly *
++++ .
kh| &kk|y
v R
+ %l 4+ % ***‘+ * -
+ h+ kk| 4+ ok
Rk 4040
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