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The "revolution in training"1 that has 
taken place since B.F. Skinner2 gained 
prominence as the founder of program-
med instruction about ten years ago has 
placed industrial education and training 
in the United States in a new light. In 
fact, Dunnette and Bass have recently 
stated this revolution is having wide-
spread repercussions: 

The emphasis on motivation in pro-
grammed instruction and its use of 
important principles of learning, such 
as reinforcement, immediate knowl-
edge of results, and attention to indi-
vidual differences help to explain its 
role in providing a critical break-
through for behavioral science in in-
dustry. 

This statement probably errs in the 
direction of over-optimism regarding in-
dustrial management's acceptance of 
this educational innovation, but it is 
suggestive of the excitement today sur-
rounding programmed instruction (PI) 
and educational technology. 

PI IN INDUSTRY 

Research results are now starting to be 
published indicating the value of pro-
grammed instruction as contrasted with 
conventional methods of instructing 
adults in industry. For example, in one 
industrial study at IBM it was found 
that there was a significant difference in 
only one of three measures of achieve-
ment in a course on electricity made 
available in "automated" instructional 
form and in conventional instructor-
classroom form, although the group 
trained by the programmed device com-
pleted the course in 18 per cent less 
time.4 However, other non-industrial 
studies have also suggested that differ-
ences in achievement among matched 
groups trained by conventional and pro-
grammed techniques have been slight.5 

Savings in training time by using pro-
grammed instruction have repeatedly 
been claimed.6 PI has been found useful 
in correspondence courses,7 a produc-
tive training tool,8 and well liked by 
users as a means for learning.9 Finally, 
PI and conventional instruction have 
been viewed as equally worthwhile de-
pending upon the needs of the learning 
group, their learning ability level, and 

their motivation to learn.1 0 

In a recent review by Boocock of the 
literature pertaining to the psychology 
and sociology of learning, it was sug-
gested that very little attention has been 
given to sociological variables related to 
what and how well students learn in the 
American school system.1 1 We can as-
sert with equal confidence that even less 
research has been conducted on adult 
learning in industrial training situations. 
This article reports on such a study that 
was small-scale and experimental. Both 
the experimental variable and the ex-
pected types of learning were carefully 
defined, considerations missing in many 
of the studies examined by Boocock.1 2 

However, seldom is experimental re-
search perfect because practical con-
cerns of ten force us to compromise 
downward from the ideal. The objec-
tives, methods, and results of the train-
ing observed in this study were mea-
sured as well as possible within the 

scope of authority of the researchers. 
But in a dynamic industrial situation it 
is perhaps not possible to have as high a 
degree of experimental factor control as 
would be desirable. 

PURPOSES OF THE STUDY 

The study was initiated to evaluate the 
e f f ec t i venes s of self-study with a 

250-frame programmed text and a con-
ventional text (essentially a printed 
textbook) as compared to the confer-
ence or classroom technique tradition-
ally used to train foremen in industry. 
More specifically, the experiment was 
concerned with the following research 
questions: 

• Do foremen given programmed in-

struction show a greater or lesser 
degree of improvement in knowl-
edge of the subject-matter taught 
than foremen trained with con-
ventional methods? 

• Will the use of conventional ma-
terials (i.e., texts developed by 
training specialists employed by 
the organization which conducted 
the study, henceforth called the 
organization) made available to 
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foremen on a self-study basis pro-
duce the same or comparable re-
sults as programmed materials and 
t h e c o n v e n t i o n a l conference 
method? 

• What is the value of adding a dis-
cussion and summary to the use 
of programmed and text materials 
when used on a self-study basis by 
foremen? 

• What is the relationship of the 
foreman's mental ability (as mea-
sured by the "personnel test for 

industry verbal t e s t , " 1 3 a five-
minute intelligence test, used to 
secure a crude measure of possible 
learning ability) to ability to use 
the self-study technique? 

• What are attitudes toward the 
value and effectiveness of the dif-
ferent training methods among 
plant foremen? 

• How much time would be re-
quired for completion by foremen 
of the programmed and conven-
tional texts on a self-study basis? 

A decision was made to begin the ex-
periment at Plant X, one of three plants 
in a large firm, by using a supervisory 
training course entitled "Establishment 
of Work Standards." This "course" 
could normally be taught in four one-
hour training conferences. Plant X was 
chosen because it was convenient for 
the researchers and management be-
lieved the foremen needed training in 
work standards. 

An unknown number of the foremen 
participating in the study had been 
given an unknown number of hours of 
training on work standards since the 
company first started supervisory train-
ing in depth twenty years previously. 
This fact obviously contaminated our 
experiment. 

The text material was programmed ac-
cording to the Skinnerian or "linear" 
design, which involved filling in answers 
to questions in a progressive sequence of 
frames. The text was a "software" pro-
gram — a "hardware" teaching machine 
was not used. 

The initial experiment at Plant X pro-
vided an opportunity to field test the 
programmed text to determine the need 
for revisions. Further, the pilot run at 
Plant X would allow the researchers to 
review the adequacy of the design be-
fore extending its use to plants Y and Z. 
The latter plants were eventually in-

cluded and chosen on the same basis as 
Plant X. 

WORK STANDARDS 

A work standard may be defined as a 
measurement of the amount of work 
that should be produced by a worker or 
group of workers in some set period of 

1 A time. In this study we were con-
cerned with management-determined 
production standards, one type of work 
standard, which can be challenged by 
the union through the grievance proce-
dure and result in a lawful strike against 
the organization during the life of the 
labor-management agreement or con-
tract. As a result, the foreman has an 
important part in establishing and en-
forcing production standards, although 
industrial relations and industrial engi-
neering personnel have made significant 
inroads in the foreman's responsibilities 
in this area.1 5 Nevertheless, the behav-
ior of a poorly-informed foreman could, 
if not forestalled by alert plant person-
nel, quickly shut down the plant if 
aggrieved union members walked out in 
protest against a perceived unfair stand-
ard. Because work standards strikes are 
permitted by the agreement, manage-
ment considered it important that fore-
men be trained in the subject. 

Also on occasion unions fabricate work 
standards grievances for "political" rea-
sons to "clobber" management into 
"horse-trading" on matters of interest 
to the union. Since work standards are a 
strikeable issue, the union could use a 
disagreement on standards as an alibi for 
striking when the real issue was some 
other matter. Management could do 
little but denounce the union for irre-
sponsible use of the grievance proce-
dure. 

All these considerations made training 

for foremen on work standards import-
ant, and over the years foremen had 
been given, as previously indicated, con-
siderable conference-style training on 
the formal and more subtle informal as-
pects of work standards. 

We have no way of knowing whether 
t h e e x p e r i m e n t a l w o r k s t a n d a r d s 

courses, programmed and conventional, 
were of high quality educationally.16 

This is, of course, a tenuous considera-
tion in any educational experiment. The 
programmed course was developed by a 
person with more than twenty-five years 
teaching in colleges and industry. It was 
revised by a person with about fifteen 
years of teaching and employment for 
several years as an industrial engineer. 
Both the developer and reviser were 
trained in programming through short 
courses at a university and through read-
ing. The course materials were scrutin-
ized during development by professional 
industrial engineers in a position to de-
termine what foremen need to know 
about the subject. 

Also, several foremen were asked to 
take the programmed course in an in-
formal trial prior to the study at Plant 
X. Their suggestions were incorporated 
into the program used in that plant. All 
of these considerations should have con-
tributed to the development of an edu-
cationally sound program but we cannot 
be certain. 

EXPERIMENT AT PLANT X 

Plant management and participating 
foremen at Plant X were oriented to the 
purposes of the study during a series of 
conferences held by the researchers. In 
addition, two tests were administered to 
110 foremen. The first was the afore-
mentioned PTI Verbal Test. This test 
provided a rough measure of their learn-
ing ability. The second test, called Test 
A, was a form of work standards sub-
ject-matter test developed by the organi-
zation in which the research was con-
ducted. Test A served as a pre-test of 
the foremen's knowledge of the ma-
terial. 
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On the basis of these two test scores, 

the researchers established four groups 
of sixteen foremen each. Groups of this 
size were considered manageable for 
training. Each group was carefully 
matched as to the average and range of 
scores on the two tests. Groups were 

\ also matched as to age and level of edu-
cation completed. Fifty-odd foremen 
for whom we had test scores were not 
used as participants. 

Each of the four groups was provided 
instruction using a different training 

method. The training was to be con-
ducted by plant training personnel in 
the same manner as it would be carried 
out under normal operating conditions. 
Research personnel were present, how-
ever, to observe, assist and control 
where necessary. (This control was not 
foolproof, as explained subsequently.) 
The type of training received by each of 
the groups was as follows: 

A-l Four one-hour conference pre-
sentations as outlined in the 
conference leader's guide. 

A-2 Conventional self-study text 
prepared for regular conference 
presentations with short ques-
tion-and-answer sessions and a 
brief summary conference. Each 
individual proceeded at his own 
rate but was given no more than 
five hours' exposure to the ma-
terials. 

B-l Self-study using the newly pro-
grammed text with each indi-
vidual proceeding at his own 
rate. 

B-2 Self-study with a programmed 
text and a one-hour summary 
conference. Each individual pro-
ceeded at his own rate. 

Thus, Group A-l represented the tradi-
tional foremen training (i.e., by confer-
ences) while A-2 duplicated the way in 
which foremen were trained in certain 
plants where there were generally not 
enough foremen to warrant a class. The 
B groups represented two possible vari-
ants in the programmed text method, 
with the A groups serving as controls. 

GROUP COMPOSITION 

Names (without their pre-test scores) of 
the foremen in each of the four groups 
were given to the plant training coordi-
nator for establishing training schedules 
for the experiment. It became necessary 
to alter the composition of three of the 
groups due to vacations, production 
schedules, and other problems. Never-
theless, the groups were kept as closely 
matched as possible on the characteris-
tics previously mentioned. Four persons 
dropped out prior to or during the first 

session for various reasons. Again, the 
match between groups was not seriously 
disturbed. But these were further com-
promised with ideal experimental con-

ditions. 

On completion of training, each group 
was administered an identical subject-
matter test on work-standards, called 
Test B, a second or alternative form of 
the test used previous to training, and a 
brief questionnaire surveying the atti-
tude of the participants toward (A) the 
value of material presented, and (B) the 
training method used for that group. 

The results of these tests and question-
naires, as well as the time to complete 
training, and errors made in completing 
the programmed text were then anal-
yzed by the research personnel. In this 
analysis, it was determined that as part 
of a conference used in training Groups 
A-l and A-2 (but not for B-l or B-2), a 
locally-prepared practice exercise had 
inadvertently been given to participants 
to complete in the conferences. This ex-
ercise was essentially another form of 

some of the problems used on the pre-

and post-tests. In terms of the experi-
mental design, the exercise might have 
biased the improvement in scores to an 
indeterminate extent. 

Thus, while the intent of the post-test 
was to sample various conceivable types 
of specific questions on work standards 
as a means of testing the short-range 
learning of general concepts of work 
standards, the A-l and A-2 Groups were 
being tested, at least in the problems, on 
their knowledge of how to solve specific 
problems. Since this exercise may have 
emphasized the specific form of prob-
lems in the test, we cannot interpret 
definitively the significance of the dif-
ferences in score improvement between 
the A and B Groups. Our factor control 
for the differences between changes in 
subject-matter knowledge produced by 
each of the four methods was, there-
fore, somewhat more limited than anti-
cipated. 

RESULTS AT PLANT X 

Examination of the data obtained pro-
duced three noteworthy results in spite 
of the bias that may have been intro-
duced by the practice exercise: 

A. Subject-Matter Knowledge. Com-
parisons of the figures in Table I 
show a marked improvement in the 
median D score of the B-2 Group as 
compared to the B-l Group. This 
seems to indicate that the addition 
of the one-hour conference to the 
programmed text led to a substantial 
improvement. 

Table I 
PLANT X KNOWLEDGE IMPROVEMENT FIGURES 

Group 
Median 
Pre-Test Range 

Median 
Post-Test Range 

Median 
D Scores* 

A-l 46 3 to 99 67.5 50 to 100 27 

A-2 42 23 to 86 68 53 to 92 19 

B-l 47 19 to 100 61 21 to 96 12 

B-2 50 14 to 77 68.5 34 to 96 16.5 

*"D" or Difference Score represents the number of points difference in raw 
score between the pre- and post-test computed on an individual basis. 
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Table II 
PLANT X SUMMARY OF ATTITUDE SURVEY RESULTS 

BY TRAINING GROUPS 

Groups 

Results Item A-l A-2 B-l B-2 

Value of Course 78 60 72 79 

Effectiveness of Method 89 60 77 79 

This result raises a question as to whe-
ther a programmed text can stand as 
self-sufficient. Unfortunately, meaning-
ful comparisons between scores of the A 
Groups or between the A and B Groups 
cannot be made due to the possible 
problem of bias. 

B. Attitudes. The figures in Table II are 
indices from the summary of data 
derived from the attitude question-
naire. (Indices were constructed by 
converting the responses to a 1-100 
linear scale and averaging. There 
were four possible responses to an 
item question with the responses 
weighted on a scale of one through 
four. The weight of the items was 
multiplied by the percentage of the 
group responding to each item and 
the resulting figures totaled.) They 
are used here to compare the group 
reactions to the four methods of 
training in regard to the value of the 
course and the effectiveness of the 
training method. 

The addition of the one-hour sum-
mary and conference to the pro-
grammed text improved the confer-
ees' perception of the value of the 
material. The conventional text used 
on a self-study basis was rated fairly 

low on value of the course and 
method of presentation when com-
pared to the method employed with 
the other groups. The regular confer-
ence was rated about the same as the 
programmed text/conference meth-
od on value but considerably higher 
on method. 

C. Training Time. The substantial re-
ductions in learning time mentioned 
by some advocates of programmed 
learning were not present. Although 
some foremen completed the pro-
gram in considerably less time than 
they would have spent in a confer-
ence, most took about the same 
amount of time and some took more 
time. Conference time was carefully 
controlled and the time used by the 
self-study groups was logged under 
close supervision. (Table III reflects 
the median figures for time spent by 
each training group.) 

It was tentatively concluded that the 
programmed text leads to an improve-
ment in subject-matter knowledge in the 
shortrun but that this improvement is 
comparable to (rather than an improve-
ment over) that produced by conven-
tional methods. It was further con-
cluded that the programmed text did 

Table III 
INDIVIDUAL HOURS OF TRAINING FOR STUDY GROUPS 

(Median Hours) 

A-l A-2 B-l B-2 

4 5 4.35 5.40 

not provide maximum training in a 
given amount of time and that the addi-
tion of summary conferences to the use 
of the text appeared to be a desirable 
training combination. It also appeared 
that the reaction of trainees to the pro-
grammed text was not significantly dif-
ferent from that toward orthodox adult 
conference methods. 

A distinct financial advantage of indi-
vidual self-study is that if it were to be 
used instead of conferences it would eli-
minate the problems and costs of sched-
uling and conducting conferences. Also, 
when foremen are scheduled during the 
work day to attend training sessions, 
full attendance cannot be expected be-
cause of pressing production problems. 
To train everyone, multiple sessions 
convenient for all foremen are required. 
This, in turn, generates additional ex-
pense.1 7 We are hopeful of finding the 

educational-economic optimum. 

The two groups in Plant X who engaged 
in self-study plus the one-hour confer-
ence achieved results which suggested to 
the researchers that this methodology 
would be preferable educationally and 
economically to the others. The results 
also suggested that social interaction 
with a human instructor when added for 
only one hour achieved important re-
sults in comparison with the other con-
ditions. 

Further experimentation with the pro-
grammed text also seemed warranted in 
order to ascertain how it would work 
out in another experimental situation. 
The research results pertaining to the 
A-2 Group in this experiment encour-
aged additional study of the conven-
tional text for use in self-study. 

Based upon these findings regarding 
self-study techniques, three decisions 
were made: 

1. Continue research at Plant X with a 
newly constructed work-standards 
equivalent subject-matter post-test 
(Test C) to determine whether there 
was a difference in long-run reten-
tion of learning among the four 
groups. 
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Table IV 
"D" SCORE SUMMARY OF INITIAL AND LONG-TERM CHANGES 

IN SUBJECT-MATTER KNOWLEDGE RESULTING FROM TRAINING 

Group 

Test Incidents A- l A-2 B-l B-2 

Percent Improvement 

Test A - Test B 27 19 12 16.5 

Percent Improvement 

Test A - T e s t C 24.5 23 11.5 22 

2. Begin replication and elaborative 
studies in Plant Y and Plant Z, using 
a revised design of the Plant X ex-
periment and a revised version of the 
programmed text. 

3. Exert more rigid controls to assure 
close conformance to the experimen-
tal design. 

The first project regarding retention of 
learning was initiated. The retention 
test (Test C) was administered approxi-
mately ten weeks after the post-test 
(Test B) which was given at the conclu-
sion of training. Table IV exhibits the 
results. Comparisons are also made with 
the pre-test (Test A). 

In making such comparisons, it should 
be noted that the retention test con-
sisted of all multiple-choice questions 
with no problems to be worked. Test C 
was, therefore, probably slightly easier 

than Tests A and B because the advan-
tage given by substitution of multiple-
choice questions for problems may be 
greatest for persons whose subject-
matter knowledge is weakest. 

Participants were asked whether they 
had done any additional studying or had 
had contacts with work standards per-
sonnel since taking the course. Answers 
are reflected in Table V. 

in the B-2 Group and these were able to 
score higher on the retention test. Also, 
twice as many foremen exposed to the 
programmed text as opposed to those 
undergoing conventional instruction re-

ported contacting work standards per-
sonnel. Possibly the novelty of program-

med learning stimulated their interest 
and induced them to make these con-
tacts. 

DESIGN OF THE STUDIES AT 
PLANTS Y AND Z 

Preparations were then made for two 
new experiments subsequently sched-
uled at Plants Y and Z. A review of test 
data from Plant X indicated that the 
likelihood of improvement in an individ-
ual's subject-matter test score was a 
function of both his ability to learn 
(measured by the PTI test) and the 
amount to be learned (measured by the 
pre-test score). It was, therefore, con-
sidered worthwhile to develop an ad hoc 

Improvement Potential Index, desig-

Group 

A-2 B-l B-2 

15 15 14 

4 4 10 

-4.0% -6.3% +5.2% 

nated as IPI, in assignment of foremen 
to experimental treatments by using the 
following formula: 

PIT Score x (100 - pre-test 
score on work standards 

examination) _ ^ 

100 

For example, a foreman might have a 
PTI score of 38 and a subject-matter 
pre-test score of 57. His IPI on the basis 
of the above formula would be 38 mul-
tiplied by 43, divided by 100, equals 
16.34. 

Next, plant training personnel and the 
plant supervisors at the two factories in 
the experiment were informed of the 
purpose and general design of the study. 
As at Plant X, the foremen were given 
two tests: The PTI Verbal Test and a 
work standards subject-matter test (Test 
A). IPI scores were established and were 
used to design four carefully-matched 
groups from each plant. The number of 
participants in each group was kept as 
close to fifteen as possible. The lowest 
number of the experimental groups to 

complete the training at Plant Y was 
twelve. In the experiment at Plant Z, 
one group had thirteen participants, two 
had ten, and one had six. Attrition due 
to illness and other reasons did not 
change the IPI scores appreciably and 
the comparison of results should be ac-
ceptable. The training given can be de-
scribed as follows: 

PLANT Y 

A-l Four one-hour conference pre-
sentations as outlined in the 
conference leader's guide. 

These statistics would seem to indicate 
that although relatively few persons in 
the total study were motivated to any 
further study in establishing work stand-
ards (and most received no particular 
benefit), a large number were motivated 

Table V 
RESULTS OF ADDITIONAL SUBJECT-MATTER INTEREST 

A-l 

Number in group 16 

Number men reporting 
contact or study 3 

Percent change for these 
Men - Test B -
Retention Test 0% 
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A-2 Self-study using the conven-
tional text prepared for the 
regu la r conference described 
above . Each individual pro-
ceeded at his own rate. 

B-l Self-study using the revised pro-
grammed text. Each individual 
proceeded at his own rate. 

B-2 Self-study with revised program-
med text as described in B-l 
plus a one-hour discussion and 
summary. Each individual pro-
ceeded at his own rate. 

PLANT Z 

A-l Four one-hour conference pre-

sentations as was used by the 
A-l group in Plant Y. 

A-2 Self-study using the conven-
tional text as used by the A-2 
group in Plant Y. Each individu-
al proceeded at his own rate. 

A-3 Self-study using the conven-
tional text plus a one-hour dis-
cussion and summary confer-
ence. Each individual proceeded 
at his own rate. (It is important 
to note that this design was not 

used in Plants X and Y. It was 
used in place of the B-2 experi-
mental arrangements in Plants X 
and Y.) 

B-l Self-study using the revised pro-
grammed text. Each individual 
proceeded at his own rate. 

The self-study groups as well as confer-
ence groups met on a regular schedule. 
The time spent on self-study was re-
corded by each participant at the end of 
the class periods. 

The experiments were controlled as 
closely as possible with a research repre-
sentative observing the four one-hour 
conferences to assure close adherence 
by the instructor to the leader's guide 
and to prevent any attempt to prepare 
the trainees (intentionally or uninten-
tionally) for post-testing. 

As in the Plant X experiment, on com-
pletion of the training a subject-matter 
test (Test B) was given all participants. 

An attitude questionnaire was also given 
to each participant to secure his reac-
tion to the training method. Results of 
the tests and questionnaires, the time to 
complete the exercises and the errors 
made in the programmed text were anal-
yzed by the researchers. 

The experiment at Plant Y closely fol-
lowed the one for the earlier study 
made at Plant X. The only difference 
concerned the A-2 Group. At Plant X, 
self-study with conventional text was 
used, was followed by a one-hour dis-
cussion and summary. At Plant Y, the 
discussion and summary were omitted 
to assess the value of self-study with a 
conventional text without the benefit of 
a discussion and summary. 

The Plant Z study included the evalua-
tion of self-study using conventional 
materials without a discussion and sum-
mary, as well as with one. This was 
prompted by the success of the conven-

tional text at Plant X, which, as previ-
ously mentioned, had generated much 
interest in self-study with conventional 
materials. The programmed text was 
used with only one group and without a 
discussion and summary. 

RESULTS AT PLANTS Y AND Z 

A summary of the data obtained from 
the experiments at Plants Y and Z 
appears below: 

Plant Y 

A. Subject-Matter Knowledge. Compar-
ative figures in Table VI show sub-
stantial improvement (D-score - 17) 
by the Group (B-2) using a self-

study programmed text plus a one-
hour summary conference. 

The regular conference (A-l) ranked 

second and resulted in a 14-point im-
provement. Groups A-2 (conventional 
text) and B-l (programmed text), both 
self-study groups without discussion or 
summary, achieved relatively poor re-

sults. In contrasting the results from the 
A-2 and B-l groups, the conventional 
text was clearly more effective than pro-
grammed materials. The most salient re-
sult of the total experiment is reflected 
in the results achieved in the B-2 Group. 
Programmed learning supplemented by 
human instruction apparently contrib-
utes most to subject-matter mastery. 
Again, by implication, the impact of 
interaction on the learning process 
seems of overwhelming importance. 

B. Attitudes. The attitude question-
naire was identical to the one used 
in the experiment at Plant X. The 
figures in Table VII are indices de-
vised (on the same basis as those ex-
plained previously) to show the 
group reactions to the four methods 
of training in regard to the value of 
the course and the perceived effec-
tiveness of the training method. 

The group responses to the questions re-
garding the value of the course did not 
vary much except for the B-2 Group 
which rated the value of the program-
med course (with summary) as relatively 
low. Regarding the effectiveness of 
method, the A-2 Group rated the self-
study text (without summary) some-

PLANT Y 
Table VI 

KNOWLEDGE IMPROVEMENT FIGURES 
(Median Scores) 

Group Pre-Test Range Post-Test Range D-Score 

A-l 38 1 5 - 5 8 48 2 1 - 8 0 14 

A-2 38.5 1 2 - 6 7 48 1 3 - 9 1 8.5 

B-l 39 2 0 - 6 9 47 2 2 - 7 7 4 

B-2 35.5 1 7 - 5 7 55 13 - 84 17 
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Table VII 
PLANT Y SUMMARY OF ATTITUDE SURVEY RESULTS 

BY TRAINING GROUPS 

Results Item A-l A-2 B-l B-2 

Value of Course 70 73 69 64 

Effectiveness of Method 78 71 77 77 

Table VII I 
INDIVIDUAL HOURS OF TRAINING FOR STUDY 

GROUPS AT PLANT Y 
(Median Hours) 

Groups 

A-l A-2 B-l B-2 

Individual hours spent 

LO
 

CO 3.4 4.2 

Summary and discussion 

hours 0 0 0 1 

Total 4 3.5 3.4 5.2 

what lower in comparison to the other 
group responses. Thus, the group which 
ach i eved the greatest improvement 
valued the course least; also, the B-2 
group considered the novel training 
methodology employed in about the 
same way Groups A-l and B-l regarded 
the methods to which they were ex-
posed. 

C. Training Time. The time spent in 
conferences by the A-l Group was 
carefully controlled at one hour for 
each conference. The time spent by 
each individual in the self-study 

groups was also meticulously logged. 
Table VIII reflects median figures 
for each group and the additional 
hour of discussion and summary for 
the B-2 Group. 

Plant Z 

A. Subject-Matter knowledge. Compari-
sons of the figures in Table IX show 
almost equal results obtained among 
the three self-study groups. A-3 was 
the only group that used the one-
hour summary, and it should be 
noted it did not produce results 

PLANT 
Table IX 

Z KNOWLEDGE IMPROVEMENT FIGURES 
(Median Scores) 

Group Pre-Test Range Post-Test Range D-Score 

A-l 60 1 0 - 6 8 75 5 6 - 9 2 22 

A-2 41 2 7 - 6 7 75.5 4 1 - 9 4 33.5 

A-3 41.5 3 3 - 6 2 81 4 5 - 9 2 33 

B-l 47.5 1 7 - 6 3 86.5 6 0 - 9 5 33.5 

superior to those obtained in the 
other self-study situations. The A-l 
Group showed considerably less im-
provement in the median D-score. 
However, there was considerably less 
improvement to be made as com-
pared to the other groups, judging 
by the pre-test median D-score in 
Group A-l and the others' D-scores. 

There was no group established for 
Plant Z which used programmed materi-
als and a one-hour discussion and sum-
mary as in the B-2 Groups in Plants X 
and Y. 

Several results of the self-study ap-
proach are worth discussing. Both 
groups using conventional materials 
(A-2 and A-3) produced practically the 
same results with D-scores of 33.5 and 
33 respectively. The results of self-study 

with the programmed text were equal to 
but no better than the results obtained 
with the other two groups. 

A close look at the measurements in 
Table IX suggests that the practical 
value of the exclusively conference 
method of training in work standards 
and comparable subjects is open to 
question. This study strongly indicates 
that a self-study method of training 
could be used with better results by the 
organization in which the research was 
conducted. This change would free the 
conference leader for other work (if not 
for other jobs). 

On the basis of this experiment, one 
could question whether programmed 
learning is an economically effective 
training device, i.e., whether it can pro-
duce superior results which justify the 
costs of programming. It should be re-
called that the programmed materials 
used in this experiment had been 
through several revisions, the last occur-
ring after the experiment at Plant X. 
Probably little could be done to im-
prove these materials educationally. It 
may be safely assumed from the results 
reflected in Table IX that conventional 
materials can be used with comparable 
results in a self-study situation without 
the cost of programming. 
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Table X 
PLANT Z SUMMARY OF ATTITUDE SURVEY RESULTS 

BY TRAINING GROUP 

Results Item A-l 

Value of Course 57 

Effectiveness of Method 82 

B. Attitudes. The attitude question-
naire used in Plant Z was identical to 
the one used at Plants X and Y. 
Table X again shows the group reac-
tions to the four training methods in 
regard to the value of the course and 
the effectiveness of the training 
method. 

The B-l Group responded with a rela-
tively high rating of the programmed 
text for both course value and effective-
ness of method. It is noteworthy that 
the A-3 Group had a lower estimate 
than the A-2 Group of both the course 
value and the effectiveness of method, 
the summary and discussion notwith-
standing. These views of the A-3 Group 
could have been caused by a dislike of 
reading a conventional text or the con-
tributions of the conference leader (or 
both). 

C. Training Time. The time spent in 
conferences by the A-l Group was 
carefully controlled at one hour for 
each conference as in the other ex-
periments, and each individual's 
time in the self-study groups was 
carefully logged. Table XI reflects 
median figures for each group and 
the additional hour of discussion 
and summary for the A-3 Group. 

SUMMARY AND CONCLUSIONS 

Conclusions can be drawn on the basis 
of these studies which pertain to the 
mechanics of programmed learning, the 
value of self-study, attitudes toward 
self-study, and the influence of human 
interaction in the educational process in 
three industrial settings. How far these 
findings can be generalized depends, of 
course, on further research. 

Groups 

A-2 A-3 B-l 

54 47 70 

71 64 73 

An examination of each frame in the 
revised programmed text used in the 
Plant Y and Z studies suggested that the 
material was clearly presented. Only 
two of the 234 frames showed a number 
of "mistakes" (detectable by crossouts 
and erasures) as compared with a high 
incidence of mistakes on numerous 
frames in the experiment at Plant X 
(which led to the revision). When com-
paring the results of the first program-
med text used for the study at Plant X 
with the results achieved at Plants Y and 
Z using the revised materials, the quality 
of the revised materials, the quality of 
the revised programming appears to 
have been particularly important. Fore-
men at Plant Z who used the revised 

materials learned more than the fore-
men at Plant X who used the original 
text even though the learning potential 
of foremen in both plants was about 
equal. Also, the results were better at 
Plant Y, which may further suggest the 
impact of an educationally sound pro-
gram. 

The data from the three experiments re-
veal definite value in the self-study 
method for teaching work standards 

subject-matter as compared to other 
more orthodox training techniques. This 
conclusion appears to be further sup-
ported by the following summary tables 
on attitudes toward the method used, 

changes in subject-matter knowledge, 
and time spent by the various groups. 

The data in Table XII suggests that the 
foremen's perception of the method and 
material is favorable to self-study. 

The index of 83 for the group taught by 
the conference technique supports the 
conventional method of teaching from 
the standpoint of the trainees. By impli-
cation, this result is an endorsement of 
the value of human interaction in the 
learning process. The indices of 78 and 
76 pertaining to self-study groups which 
used the programmed text represents a 
positive attitude toward the method, al-
though these results are slightly less 
favorable than those obtained in confer-
ences with no supplementary reading 

material. Interpretations must be cau-
tionsly made on the basis of these data, 
however. It is generally expected that 
the subjects of an experiment will re-
spond with enthusiasm to novelty. After 
continued use, interest in the novelty 
sometimes subsides and attitudes often 
become more like those in the control 
group of the original experiment. Never-
theless, the groups which used standard 

Table XI 
INDIVIDUAL HOURS OF TRAINING FOR STUDY 

GROUPS AT PLANT Z 
(Median Hours) 

Groups 

A-l A-2 A-3 B-l 

Individual hours spent 
(median) 4 3.55 3.53 4.55 

Summary and discussion 
hours 0 0 1 0 

Total 4 3.55 4.53 4.55 
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texts (A-2 and A-3) apparently did not 
like these as much as the other foremen 
liked the approaches to which they were 
subjected. 

Inferences favorable to the effectiveness 
of the self-study method can also be 
drawn from the average D-scores shown 
in Table XIII. (The group at Plant X is 
omitted because of the bias mentioned 
earlier.) 

The self-study groups performed better 
than the groups taught by conferences 
according to these measurements. The 
conventional text materials produced 
much better results than the program-
med text. 

In making inferences on the basis of 
these data, attention should be directed 
to certain differences between the re-
sults obtained at the two plants. The 
average PTI score for Plant Y (25) was 
considerably lower than the score at 
Plant Z (34). The association between 
PTI scores and the post-test scores 
seems to point up dramatically the im-
portance of some minimum of learning 
ability as a prerequisite for training re-
sults. 

Turning to a summary of the hours used 
by the various groups, the time spent by 
the self-study group is much the same as 
the time utilized by the conference 
method. (One hour for conference-dis-
cussion was added to the A-2 Group and 
the B-2) The A-2 and B-2 groups, both 
of which used self-study, were respec-
tively the shortest and longest in train-
ing time. 

PI MERIT 

Any conclusions on the relative merits 
of programmed instruction in this ex-
periment must take into account the 
participants' prior knowledge. All parti-
cipants were presumably exposed to 
prior work standards training and most 
were supervising work operations where 
their performance was measured by 
direct labor hours. The training could be 
regarded as remedial. One might then 
infer that reading conventional materials 
could be more effective for remedial 
training while programmed instruction 

Table XII 
SUMMARY OF INDICES MADE FROM THE 

SURVEYS PLANTS X, Y, AND Z 
ATTITUDE 

Groups 

Plants A-l A-2 A-3 B-l B-2 

Plant X 89 60 77 79 

Plant Y 78 71 77 77 

Plant Z 82 71 64 73 
— 

Average 83 67 64 76 78 

SUMMARY OF 
Table XI I I 

MEDIAN D-SCORES FOR PLANTS Y AND Z 

Groups 

Plants A-l A-2 A-3 B-l B-2 

Plant Y 14 8.5 4 17 

Plant Z 22 33.5 33 33.5 

Average 18 21 33 18.7 17 

Table XIV 
SUMMARY OF INDIVIDUAL HOURS SPENT 

GROUP IN PLANTS Y AND Z 
BY EACH 

Groups 

Plants A- l A-2 A-3 B-l B-2 

Plant Y 4 3.5 3.4 4.2 

Plant Z 4 3.5 3.5 4.5 

Average 4 3.5 3.5 3.9 4.2 

Discussion and 

Summary 0 0 1 0 1 

Total 4 3.5 4.5 3.9 5.2 

could possibly be more effective where 
the material is new to the student. 
Nevertheless, the data obtained suggest 
that programmed materials have definite 
value in training foremen. The data do 
not establish categorically the superior 
value of a c o m p l e t e l y - p r o g r a m m e d 
course. 

The conventional text seemed quite 
effective for self-study and compared 
favorably on this dimension with the 
programmed materials. Conventional 
texts were not as well liked. The reasons 
for the dislike could be as various as the 
respondents, although one could offer 
the opinion that they are "dry." 
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There is also evidence that the self-study 
technique, with either type of text for-

mat,' yields higher test scores with the 
addition of the summary and discussion 
of course content. 

HUMAN INTERACTION 

Obviously, we lack proof that specific 
interaction with a human instructor im-
proved the scores because we do not 
know which students spoke or other-
wise communicated with the conference 
leader. Maybe few interacted; maybe 
many. Perhaps simply being an observer 
in situations where others interact is 
sufficient. In future studies a measure-
ment of interaction originations and re-
sponses could be taken in the confer-
ence room. It would also be worthwhile 
to secure measures of instructor com-
petency, if possible. All these measures 
could then be related to pre- and post-
test scores and other variables. 

Much learning contains "depressed 
learning" spots where students display 
particular difficulty in grasping concepts 
without help from an instructor. For ex-
ample, in mathematics-oriented prob-
lems, the student may fail to complete 
the problem if he cannot make an 
orderly transition from one step to the 
next in the solution. Perhaps it is pre-
cisely at this crucial juncture that the 
student requires interaction with the in-
structor or conference leader. 

Turning to another consideration, quite 
possibly the essentially Skinner-type 
program used was less appropriate than 
a Crowder-type program, which may 
provide more depth, although this is 
controversial. Different results might 
have been obtained with a Crowder-type 
program or an "integrated" program 
which draws upon both approaches to 
programming. Or, perhaps it would have 
been most effective to use a linear pro-
gram only for the descriptive informa-
tion about work standards and to 
handle the problems separately, such as 
"homework" to be "passed in" to an 
instructor. Here again the possible role 
of the teacher should be noted. These 
alternatives suggest that the experimen-

tal alternatives are numerous and that 
designing experiments with the new 
education technology has many implica-
tions. 

ECONOMICS 

The economic aspects of programming 
are also of concern because they have a 
bearing upon the diffusion of this edu-
cational innovation. The programming 
of texts is obviously expensive because 
of the time involved in writing the pro-
gram and the large number of frames 
used in a typical programmed course. 
Programs can cost up to several hundred 
dollars per frame. A completely pro-

grammed text is rather bulky and incon-
venient. It also has little value for scan-
ning the subject matter for review or for 
"brush up." Of particular importance in 

industry is the permanence of the sub-
ject matter and the number of trainees. 
If the subject matter changes rapidly 
and few persons require training, pro-
gramming would be uneconomic. These 
considerations alone often preclude 
developing a completely programmed 
text. 

The final conclusion which we would 
draw from this study is that the import-
ance of social interaction to classroom 
formal education cannot be dismissed 
by those who automatically and uncriti-
cally believe the new educational tech-
nology will pari passu meet the needs of 
the future. At least for the foremen in 
this study, the opportunity to interact 
appeared crucial and conventional texts 
were quite acceptable. Possibly educa-
t i o n a l technology can replace the 
human instructor who teaches different 
kinds of persons on different topics in 
different settings, and the learning re-
sults would be unaffected. But there is 
evidence in this study that educational 

technological replacement was not es-
pecially effective in the circumstances 
previously analyzed. Only future re-
search under controlled conditions will 
point to the specific conditions that 
make for successful learning with pro-
grammed instruction and indicate how 
far the conclusions of this study can be 
generalized. 
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