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ABSTRACT

This phase of the research in t-chnical training microfor
applications explores the comparative advantages and disadvantages of

microform in classroom training applications. A 30-hour instructi-nal
sequence entitled, "Basic Computer Operation" was selected from an

on-going course at the 3`(50th Technical Training School, Sheppard Air

Force Base, Wichita Falls, Texas. A two-stage filming procedu e was
d to convert the train ng manual used in the instru-tional sequence

to an innovative microform format in both positive A negative film

pola ities. Students in three experimental classes used the icroform

presentation, both in the classroom and in their residences, as the
instructional medium.for the course. The microform use patterns

and course p- -for -.ance of thdse students were determined and com-

pared with use patterns and the perfor- ance of students in three
control classes in which identical instruction-1 materials in hardcopy

form were employed. The m-jor result of this comparative a alysis
is that Air Force trainees can and did use the microform syste s

effectively and intensively over a one-week period. No significant

pe -formance decrements were encountered in the experimental classes.
Th study also examines a number of important considerations involved

in utilizing microforms for training purposes, including the impact of
mir:roform use on instructional routine-, administrative-logistics con-

siderations, and student study habits. Although problem areas are

identified in tach of these categories, all can be resolved or minimized
through equ pment development and imps oveine t. A personal reader
is recommended for its positive values in classroom use, student
re idence use, and logistics The signifiCant accomplishments of this

study were the de- --_stration of the feasib_lity of the microform

iii
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medium for classroom instruction and the develop--_ ent of an effective,
innovative format which ut lizes the unique presentation characteristics
of microform to facilitate instructional communication.
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SUMM AR Y

The Denver Research Institute, University of Denver. Microform Use
in a Technical Trainir 2 Environment--An Ex eriment.
AFHRL-TR-71-43. Lowry AFB, Colorado: Tebhnical Training
Division, Air Force Human Resources Laboratory, May 1971.

Ob'ec ives

The objective of this study was to identify the comparative
advantages and disadvantages of microform for classroom training
applications in terms of (a) student oriented factors such as material
usage patterns, study styles, examination results and fatigue,
(b) instructor oriented factors such as attitudes and opinions, the role
of the instructor, and the need for adjunct reference materials, and
(c) adminIstratively oriented factors such as logistics considerations
and relative value added by microform utilization.

Api roach

A 30-hour instructional sequence was selected from an on-got _g
course at the 3750th Technical Training School, Sheppard AFB, Texas
and converted to microform. Students in three experimental classes
used the microform, both in class and in their residences, as the
instructional medium for the course. The microform use patterns and
course performance of these students were compared with use patterns
and performance of students in three control classes in which identical
materials in hardcopy form were employed.

Findings

1. The exp_ :mentation demonstrated that Air Force trainees
can and did use the microform systems effectively and intensi ely over
a one-week training period.

2. No significant performance decrements in terms of-
examination results were encountered in the experimental classes.

3. A history of administrative participation in the planning
and execution of the experiment,was developed and the logistics factors
involved in implementing a program using microforms as the primary
resource medium in technical training were descriptively analyzed.
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Such things as maint nance requirements, equipment abuse or loss,storage facilities, power considerations, room planning, and repairstrategies were considered.

4. Fatigue resulting from microform use was not found to bea pervasive problem in this experiment.

Alm 75% of the participating students expressed apreference for the negative-image fiche for both classroom and hornstudy uses.

6. The innovative formatting and indexing techniques employedin this study were responded to favorably by the students and usedeffectively by them in the cour se of their study.

7. Students identified deficiencies in the reader-fichesystems used in this study and made recommendations for theirimprovement.

This summary was prepared by Dr. Edgar A. Smith, TechnicalTraining Division, Air Force Human Resources Laboratory.
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L INTRODUCTION

Background

Although microforms are now distributed widely in educational

environments, the materials available in _ icroform are of interest to
a lim ted audience and are used more for research than instructional
purposes*. Recent microform research has indicated, however, that
students us ng microform presentations of educational and training

materials perforth as well as those using hardcopy present,ilcions of the

same information. In one reading experiment, for example,

1<ottenstette (1969) determined that there are no fundamental physical

or psychological barriers to the use of microforms in communicating
narrative inforthation that students cu to arily encounter in hardcopy.
St-dents are able to preserve skill levels (reading rate and comprehen-

sion) when utilizing viewer presentations of both descriptive and

abstract narrative thaterials which reflect various levels of difficulty.
Baldwin and Bailey (1971) also found that students can perform

adequately using microfilmed narrative reading mater als. These

investigators developed twelve tests which represent the various visual

skills involved in the utilization of Air Force technical training mate-
rials. They found that the only significant performance differences

between hardcopy and microfiche materials were encountered in tests

which involved character recognition and symbol interpretation as

opposed to reading continuous p ose. They concluded that thaterials
presented via thicrofiche are feasible for technical training purposes.

* The term microform, as employed in this report, is intended to
include all microimagery, whether in roll or fiche form and all
reduction ratios found in commercial practice.

1
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The applicability of the Baldwin and Bailey results to a different
user enironment was established in a replication cf their study by

Grausnick and Ko tenstette "A Perform nce Evalu tion: Microfiche
versus Hardcopy, AFHR L -TR -71 -42. Ao air --o funda -ntal difficulties
were encountered which would legislate against the ut lization of
forms in educational or training prog _

The shidy described here was pArt of a larger research effort
designed L d.evelop and evaluate microforms for u e as primary
source materials in Air Force technical training programs. Data from
three separate investigations have been analyzed in response to the
following basic questions:

1. Can Air Force Trainees use 'nicroform pi esentations of
educational and training materials to an extent consistent -,th their use
of hardcopy materials?

2. What are the optimal micr _form formats to be used in
presentin a tPC'brli rAl

3. What are the advantages and disadvantages of microform
presentations in actual elassro m use as they effect such factors as
instructional effectiveness, training logisti s, and classioom
administration?

An additional pa_ t of this research program involved the
preparation of a user-oriented guide to the utilization of mlcrofor
technology in technical training, based on a review of the literature and
the Insights which result from the total research effort.
12111-1ose- Stud

The research reported here was designed to identify the com-
parati ,e advantages and disadvantages of microform presentations in
actual classroom use. An instructional sequence was selected from
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an on-going course at the Sheppard Air Force Base Technical Training

Cu ter in Wichita Falls, Texas. Hardcopy mate ial used in the course

was converted to microform, which then was used as an instructional

-dium in the course. The classroom experiment was con CL

assess the
factors:

pacts of microforms use on the following three sets

I. Student oriented facto s: stud nt attitudes and opinions;

material usage patterns; study styles g. , note taking, home tudy.

examination results; fatigue characteristics

2. Instructor -riented factors: th- role of t e inst =uctor;

structor attitudes
m terials.

.ions; the need for adjunct reference

Administ_-ator o- iented facto supervisor opinions and

attitudes; logistics considerat ons; relative value added by microform

utilization .

ization of This Report
Since the research project reported here was exploratory in

nature, a was essential throughout the course of the project to keep

careful records of all fa tors which could operate to influence the

experiment 1 results. '1-his research report is organized and pre-

sented to reflect the complex_ty and variety of observed incidents. To

some extent, repc;-rt Is organized as many such reports are organized;

research procedures (Section II) and experimental results (Section V)

are described in considerable detail. Factors operating to make the

experiment unique, however, particularly those involving the logistics

of carrying out the research, a -e described in Sections III and IV. The

logistical considerations literally provide a general framework for

placing the r-sults in their appropr ately exploratory perspective.
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The style in Nhich the rema nd r of Lhis report is ore ented
also deserves emphasis. It, too, grows out of the exploratory (--h ac-
ter of the entire research project. In a word, the style can be charac-
terized as descript ve. To have employed a propositional or statistical
style would have suggested the occurrence of much greater rigor ai.d
control than could actually e ist. The d:.scussional form of developing
theory and presenting res arch results lends a feeling of the "develop-
ing" state-of-the-art In this dimension of educational technology. It
is hoped, further ore, that the discussional style makes the relevance
of the research results to future applications of mi- ofor _ educa-
t onal settings easter to comprehend.
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H. METHODS

Prelimin ry Work
Course Selection Procecures. The course of instruction was

selected after an on-site visit to the 3750th Technical Training S,I-hr,ol

at Sheppard Air Force Base. Three Training departments --

Communication and Missile Training Aircraft Mai.-tenance Training,

and Comptroller Training were evaluated in terms of the following

criteria:
1. Appropriate du ation (at least twenty hours

Continued student load prediction over the next year.

3. A minimum of "hands-on" training in the classroom.

4. Substantial outside reading requirements.

5. A mixtu.re of non-cornmiss ined officers and airmen in
the trainee population.

Candidate instruct on cour es were identified in each department

and representative study guides were obtained for later re-.iew and

analysis. The course, "Data Processing Machine Operati n", taught

in the Department of Comptroller Training finally was selected for the

classroom experiment. The course, which is divided into four instruc-

tional "blocks' is taught o -er a nine- reek period. Hardcopy materials

used in Block II of this course, "Basic Computer Operatio__

converted to microfiche and presented to trainees via microfiche

viewers. The training manual (SG/WB 3ABR68530 - II) for this

30-hour block contained nine chapters and an appendix. Each chapter

included review and or workbook problems. The class was conduct -d

for six hours daily over a fiVe day period. Forty rriThutes of this time

was devoted to breaks: four five-minute breaks and one 20 minute

break each day. Tic. final day was spent administering and reviewing

the Block II examination.
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S udent Motivatiol. Student motivation to take a technical train-
ing course and to re _ain in it is generally quite high for at least three
reasons. First, the assignments of trainees completing a course
usually are much better than the assignments of individuals who are not
technicall- trained. This is especially true for airmen t- ained in
computer operation who, in all probability, will be assigned to a corn-
puter installation in preferred locations. Second, the course offers
students an opportunity to receive training in a valuable career field
while fulfilling their military obligation. This education often has val-
uable application outside the military when trainees leave the Air Force.
Finally, there is the training situation itself. Students anticipate greater
personal freedom in their field assignment which differs from the more
structured military environment en7ountered in other situations.

These incentives differ from those operating in educational
environme ts outside the military. Such strong motivation was con-
sidered essential in order to meet the additional demands of the icro-
form system of presentation.

Stud-- Guide Review and Rev sion. The original intent in
reorganizing Air Training Command (ATC) inaterials for fiche presen-
tation was for the content to remain virtually intact, modifying only the
organiz tion of information and the method of presentation to take full
advantage of the microfiche medium. A few additional ---odifications of

the hardcopy materials w re required as part of the normal revision
and update of materials for the course, independent of the research
effort.

1. -Errors were found in certain calculations, figures or tex-
tual materials.

2. Obsolete info mati n and Irrelevant materials were
identified.

6
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3. Materials occasionally were incomplete with respect to the
objectives of the ATC, Plan of Instruction.*

These --nd other consideraLions led to a decision to produce a

revi ed hardcopy of the trainee text. That decision to ipplernent,

enhance, and correct the textual materials, hoever, complicated the
original research question. The require e t for a high quality presen-
tation p ecluded consideration of the alternative for production of new
fiche materials which would not refl ct correction of recognized prob-

lems. The experimental design, therefore, was changed soi-__e hat to

consider achieve' ent under three trerments: a control group using
unr vis d hardcopy, a second contrc group using revised hardcopy,
and an experimental group using fiche m

As an example of the kind of reorganization of ccntent ( _ith only

minor changes) that went into the revised hardcopy and microform

editions, consider Study Guide #2, Numbering Systems. Study Guide #Z

has as __s objectIves the explana ton of the structure of nux bering
systems with bases 10, 2, 8, and 16 and the conversion of each system
to any other syste The 1970 Study Guide organized this information
into two sections: equal length explanations of decimal, binary, octal

and hexadecimal numbers: and conversion rules and examples for each
of the possible combinations. The 1971 (revised) Study Guide begins

with an explanation of the binary system with examples of binary and

equivalent decImal expressions. Conversion rules and examples
between base ten and base two follow. The explanation of the octal
sy tem is -lated to the deci- __al and conversions for these two are

The entire "Data Processing Machine Opera ion" course was under a
Service Test (Regulation 5218) at the time of the experimentation.
The updating, revision and realignment of training objectives in the
experimental block was anticipated during the Service Test.

17
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given at this time. The bala ee of the material is similarly _rganized.
The reason for this re- ganizat on is to stress the reasoning behind
numbering systems in order to reinforce the positional notation concept
and to minimize the meMorization of ru7.es by building upon the princi-
ples as explained in the first example. The material presented is
essentiall the same as that which appeared in the unrevised edition.
The microfiche edition of this study guI was able to give more moti -

vational illustrations of the applicatio-_s of the binary and associated
number systems and included many more examples to ass st in the
acquisition of the skill. These would not have been appropriate to
include in the text but were well, suited to an optional reading
presentation.

Another type of revision was required in Study Guide #6,
Progra -ming Languages. The unrevised edition had as its objectives
trainee fa iliarity with two Assembler Languages, and two Compiler
languages,._COBOLand FORTRAN. Basic and Advanced assembly
languages were fir ,t presented with the full range of advantages and
disadvantages of each. COBOL was discussed contrasting it with
machine and assembly language, and finally a discussion of FORTRAN
was presented with the same kind of infomation. This was consistent
with, but not sufficient, for achieving the obje:tives of the Plan of
Instruction which included a recognition and knowledge of assembler
and compiler language idiosyncracies. The revised edition now presents
a full explanation of the Assembler Programming System. Subordinate
to this heading are the sections on Basic and Advanced Assembler
Languages with the differences between the two delineated. The second
major heading then is Compiler Languages which s mmarize the basic
similarities between compiler systems and contrasts compiler with
assembly and machine languages. COBOL and FORTRAN are then



www.manaraa.com

described separately and contrasted'with each other to assist in iden
fying each of thL..ci. At the conclusio _ of the guide, in addition to

recognizing the four different languages, the trainee should understand

the differences between machine, assembly and compiler sygtems, and
further' should be able to distinguish between t -o assembly and t -o

compiler languages.

_Equipment _and_Materials

Viewer_s. The preliminary visit to the t- ai ing facilities at
Sheppard Air Force Base, led to a decision to use two sets of viewers

in the experi ent.

The course selected for the expe_ men_ is geared -1 ost

exclusively to use of the lectu7.e method. AlLnough very 11 tle material

not included in the manual is presented in a lecture, slides and other
vis -. aids occasionally are used for illust ative purposes. Trainees

d;narily do not read the manuals in class, instead they use printed
materials to follow a lecture and to note highlights or make corrections.
Extensive and sustained manual reading is done almost ent rely outside

of the classroom. To conduct the experiment, therefore, it was nec-
essary to provide each trainee with both a classroom viewer and a

home viewer. A tour of several residence halls at Sheppard revealed
that ..hey were quite suitable to accommodate the required viewing

equipment. Typically there are three trainees to a oom, although
some rooms are equipped with a fourth bed which could be used when

needed. The rooms contained three 30" X 2,0" desks -ituated near an

electrical outlet; each desk was equipped with a suitable study lamp.
The reader selected for use in the residence environment was

the Micro-Design, Model 100A viewer at 18X magnification (Figure 1).

This view _ is well suited for home use because it combifies sturdy

19
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Figure 1. Micro-Des
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construction all steel and alum _u- ) relatively small size

(18-1/2" X 9-1/2" X 16"). Addit onal features which influenced its

selectio- include a floating lens, constant focus, a non-glare high

resolution screen, a rigid, smooth operating fiche carrier, and a lon

lived, quartz halogen lamp having high-low intensity control. These

featu es help insure easy operation and minimum maintenance

requirements.
The Eastman Kodak Recordak Easa_atic Reader, Model PFCD,

which was us-d in the initial phase of this research program, was used

in the classroom itself. It is a table-top film reader designed specifi-

cally for viewing images on 4 by 6-inch microfiche having DOD, NMA

or COSATI formats. The Easamatic vie er was selected on the basis

of its inclined screen, double f ame presentation, and frame locator

characteristics (Figure 2).
Fiche and Index Cards . The fiche and the coordinated index

cards used in the study were produced by the Denver Research Institute

of the University of Denver (Figure 3). The -eduction ratio used (20X)

was specified by the col t-act due to its pervasiveness in govern ent

documentation systems.
The entire 185 page Block II t aining manual was filmed,

requiring a total of thirteen fiche. Each fiche contained five rows and

twelve columns for a potential capacity of 60 frames. Each fiche also

contained an eye-legible heading which included the number of the

fiche, the chapter of the training manual to which it referred, and a

b- ef description of its content. The fiche _-ere produced in both posi-

tive and negative polarities so that the student could decide which

See Grausnick and Kottenstette, "A Performance Evaluatiom Micro-
fiche versus Hardcopy." AFHL-TR-71-42..

1
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polarity to use in various situations. The fiche and the revised train-

ing manual contained identical infor- _ation although the organization

and formats were obviously different. The five ro of the fiche were
developed according to the folio ing format:

ROW A. Workbook and review problems were contained in this
row. Spel ific questi ns or problems were located in the same
column, but two frames (or ros) above Lhe main textual mate-
rial relevant to them. Therefore, if a student was unable to
answer a question, or wished to verify his response, he had
only to inove down two frames to the material directly below

the question frame to find the correct answer. In the training
manual, workbook and review proble- s were located at the end
of each chapter.

ROW B. This row, labeled "additional information, " was

reserved for e_ t a explanatory material. It contained ilingtra-
tions, diagrams, and short narratives whi,-h explained in more
detail the textual material located one frame below. This

addition-a information was located on the back of the page to

which it referred in the revised training manual
ROW C. This row contained the main t xt of the Block II train-
ing manual. This material was thought to be essential t- an

understanding of the topic area and contained the infor ation on

which the students were tested.

R.OW D. This row was reserved tor material directly compl-
mentary to the main textual material of the training manual.

Students were not held responsible for infor -ation located in

ths row, but it -as considered to be of general interest to students
of computer operation. In the revised tr ining manual, this mate-
rial was also located on the back of the page to which it efe- ed.

14
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ROW E. A course outline was presented along this row. Each
frame in this row was filled with-the appropriate outline infor-
mation. Material to which the outline referred was located
directly above the frame hich it was listed. The trainIng
manual did not contain such an outline.

In the formnat described above, materials were presented hori-
zontally in order to take advantage of the twelve frame capacity of the
row as compared to the five frame vc:rtieal capacity. The concept of
vertically relating supple entary mate als to the lain text was
applied in this study to provide options for individual students, t- dis-
courage unneces ary repetition of explanation, and to promote self-
diagnosis of areas of deficiency with the provision for self-help.

An index card located on each viewer was designed to coordinate
with this format and provide students with an indication by row and
column of their location within a fich,=.. When a new fiche is Inserted
into a viewer, the user may scan ROW E (course outline) to obtain an

overview of what the fiche co .t ins. He may then move the pointer
knob to ROW C ( ain te:-.:tual material) and begin to read. When a
vertical line extending down on the left side of a frame is encountered,
the user may move the pointer knob to ROW D ("nice to know' terial).
When a vertical ine ctending up on the right of a frame is encountered,
the user may move the pointer knob to ROW B (additional information).
If the user wished to review the fiche after he had completed reading i_

he could scan ROW A and attempt to answer workbook and review ques-
ions presented there.

The use of the format just described necessitated a filming tech-
nique which differs from conventional commercial procedures.
Ordinarily, a co lamercial "step and repeat' camera wpuld be used to
reate a microfiche master of theqnsttuctional information: the

15
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master would then be duplicated to obtain the necessary dissemination
0:- :ijLIIL LL115 I. ling procedure restricts the original

material to be photographed to both a single 8-1/2 by 11-i -h page
(nominally) and to the serial filming sequence (i. e., page 1, page 2,
page 3, until the first row on the fiche is filled), another technique was
developed for the fuming of these inaterials. A two-stage filming
process _s ing a commercIal press camera was employed. The instruc
tional material appropriate to one fiche, usually a chapter in the train-
ing rrianual, was filmed four pages at a time, using a five-times
reduction factor. The negatives obtained in this step were then stripped
together in the proper sequence so that the final layout of the complete
information for each fiche was assembled. This layout was then filmed
at four-times reduction to create a fiche m_ ster consistent ith the
COSATI standards for film dimensions and information area. Both
positive and negative masters were created and dissemination copies
were produced using a commercial diazo microfiche duplicator. The
density limitations of the disse -riination copies were within the COSATI
specifications but the overall resolution was lower, as determined with
the NBS resolution chart during the development of the fil- ng procedure.
First-stage reductions produced a resol- tion of approximately 60 line
pairs. Descriptively, this loss of resolution could be seen in the breakup
of lines having an original stroke width (in the hardcopy) of less than
0,002 inche-s -- a condition that was rare in the materials filmed.

The use of an intermediate stage in the filming technique
allowed the various linking lines to be added to the fiche, a requirement
for this experIment that cannot be met using the -istep and repeat"
process. This filming flexibility was -_ls o used to title each fiche so
that th-, eye-legible information was alWays readable when the as
in the viewer.

,26
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The Notebook. As noted previously, class time is devoted

al: ost entirely to lectures which review readings in the t aining
manual. To augmen in-class work, each inst uctor and st,i_APr,

given a specially developed n- tebook. The notebook permitted students

to follow a lecture on the screen presentation and to take notes in con-

junction with A fiche-holder, designed _to hold 13 fiche on each -ide,

was included in each notebook (Figure 4). It was arranged so that the

eye-legible heading of each fiche, which contained the fiche number and

a brief description of its contents, was exposed to allow easy access to

a y desired fiche.
The notebooks also presented illust ations of each type of viewer

and detailed operating i lstructions. Also included was an explanation of

the formatting technique employed and instructions in how to use it.

The final section contained an ample supply of note paper arr-).nged by

chapter. Students used these notebook.s and fiche materials for the

entire exper mental period. At the end of the week, both fiche and

supporting materials -e-e returned in exchange for the revised
Block II training manual (SO WB 3ABR68530-II).

ResearchStrateg
One fundamental problem was explo-ed in this study: "What are

the ad%antages and disadvantages of a microform system as an instruc-

tional tool in actual classroom use?" A control group versus experi-
mental group comparative approach was employed to deal with this

problem. Three experimental classes, which used microfor mate-

rials exclusively, and three cont ol classes, which used the revised

17
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training manual in hardcopy form, were involved in the study. One

experimental and one control class was taken f Orli each of three work

shifts:
A. Shiftr 0600 1200 hours

B Shift: 1200 - 1800 hours

C Shift: 1800 - 2400 hours

Three primary instructors were involved in the experimentation.

Each taught one experimental and one control class according to the

schedule presented below.

Table I. Class Schedule

Experimental Control
Shift Instructor Group Group_

Starti
Date

Completion
Date

A 1 X March 17, 1971 March 23, 1971

A 1 X March 24, 1971 March 30, 1971

X March 24, 1971 March 30, 1971

X Ma,rch 31, 1971. April 6, 1971

X March 31, 1971 April 6, 1971

3 X April 7, 1971 April 13, 1971

Each participating instructor taught the Block II course to an experi-

mental class and a control class, both of which were in the same work-

shift No attempt was made to predetermine the size or composition of

the classes after the first week. Recycled students -- those who failed

a block examination and began the block a second ti e -- were, included

in the participating classes.
Demo ra hic Characteristics

An examination of the demographic composition of the experi-

mental and control groups revealed important similarities and only
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minor differences. Thirt -eight students in the control groups took the
final Block II examination compared with 34 students in the experi _ntal
groups. Two cross-trained students originally enrolled in xperimental
classes dropped the course and returned to their home bases.

All of the students in both types of classes were high school
graduate . Exactly one-half of those in the control group had some
college experience; eight percent (N 3) had received college degrees.
Similarly, 65 percent of those in experimental groups had attended
college with eight percent (N 3 ) graduating. Approximately 25 percentof each group had some previous experience with computers, primarily
through programming or data proces ing courses in high school or
college.

Fifty percent of the control group was age 20 or younger and
16 percent were 30 years of age or older, contributing to an average
age of 23.1 years. The average age of students in the experimental
group was 22.4 years; 43 percent were 20 or younger and nine percent
were over 30. The experimental group contained more students
between the ages of 21 and 30 although the mean age was younger
because fe er people over 30 years of age were represented. The
control group was composed of 58 percent airmen and 42 percent NCO's
compared with 68 percent and 32 perce t respectively for the expe
mental group.

The demographic similarities between the two groups facilitated
the comparisons which were necessary to assess the effects of intro-
ducing the microform system into the classroom sItuatIon. Where dif-
ferences of composition were apparent, such a_s the ratio of NCO's to
airmen, the differences were considered in interpreting the results of
the study.

20
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Methods of Data Collection

Formal Examinations. Each class involved in the experiment
was required to take an end of block e- amination after four days of
Block 11 instruction. The examinations generally contained bet- en 45

and 55 single-response, multiple choice questions valued at one point

each: from six to eight conversion problems valued at five points each;

d a written performance section involving the proper sequencing of

the st ps involved in performing specified operations. Standard end o

block examinations which were not restructured in -my way e e used
in the experimentation. Test score totals sum,""ed to 100 points.

Students advancing to Block III were required to meet defined

criterion objectives -during the first week of instruction in order to
progress to the second week of instruction. Student perfo_-_ ance grades

at the end of Block III are based on satisfactory completion of USAF

type "compu uns" performed in the job-oriented environ ent of the

machine room atmosphere. Student progress is recorded by the instruc-
tor using a "criterion and performance" grading system which results
in a final number grade.

Since Block III is a performance applicat on of the theory learned
in Block II and prepared for in Block I, the three block grades were
used in the f_ llowing way: Block I examinatIon results were used to
establish the equivalence of the control and experimental groups.

Block 11 and III final results were used to demonstrate differences in

performance when the medium of presentation was different. In addition,
both control and experimental Block I, II and III grades were compared
with a distribution of grades from previous classes to determine if the
overall pattern of results had changed during the experimental period.
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Students Microform Use Analy. This variable was examined
to obtain an estimate of the outside study requirements of the course
and to compare student use of the instr ictional material by the two
groups. The data which relate to this variable were obtained primarily
from ti-!e "student-use check list" which was developed to obtain an
estimate of the tie spent studying outside the classroom. Experimental
group members were asked to estimate for each day the total time sp nt
Studying (not including workbook and review problems), the percentage
of study time spent in ROW B (additional planation), the percentage
of-study t' -e spent in ROW D("nice to know" material) and the additional

me spr.t on workbook and review problems. Control group members
were asked to supply identical information except that for them the
material which corresponded to ROWS B and D on the fiche was com-
bined on the back of the pages in the training manual. Information
regarding the use of material in the classroom was obi _ined through
observation.

Student attitudes toward the u e of microfornis were assessed

at two points during the experiment. A pre-class questionnaire, devel-
oped primarily to elicit demographic information, included questions
designed to provide information regarding trainees previous experience
with microforms and possible negative --ttitudes or resistance toward
their use. A post-class questionnaire was administered to deterli ine
whether these general attitudes had been affected by their experience
with icroforms. In addition, the post-class questi nnaire elicited
more specific student responses regarding the physical characteristics
of the equipment and materials used, their effect on study habits and
fatigue, comment= concerning the environments for information use,
and recommendations for the improvement of the syste s. Classroom

32
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observation and infor al int views with the students alao contributed

data_ related to these factors.

Instructor M1roforrn Analysis An historical approach to

the attitudes a d opinions -f the instructors was developed through a

series of semi-structured intervie- s with particular --tte tion to the
impact of --_icrofori__ use on teaching technique and on the role of the

instructor. A close working relationship between instructors and
researchers evolved during the experiment which allowed a daily

critique of class progress and an assessment of the influence of the
reader-fiche system as a mode of prese-itation.

Daily observations of each class were directed toward deter-

mining h.ow instructors use different visual aids and other adjunct
reference materials, how instructors used the microfiche readers to
teach, how they used hardcopy materials, and how they used additional

materials included on the fiche.

Lislistical Analysis. A case history of administrative partici-
pation in the planning and executi n of the experiment was developed

with particular emphasis OD the logistics of implementing a program

using microfor s as the primary rL,source medium in technical train-

ing. Such things as maintenance requirements, equipment abuse or

lo s, storage facilities, power considerations, room planning and layout,
and repair strategies were consider d.
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III. LOGISTICS

En ironmert for Microform Us

The analysis of the logistics invol ved in implementing a m cro-
form system in technical training began -ith an examination of the
environment in which the equipment was to be us d, The classroo
selected for use in this study was typical of those used in the Depart-
ment of Comptroller Training. The room was approximately 15 by
27 feet and contained eight 30 by 54-i-ch tables arranged in rows do
each side of the room with a center aisle. There were five-sets of out-
lets along each wall, each outlet capable of accom iodating two viewers
Thesc outlets were newly installed for the experimentation and had the
three-pronged (grounded) outlets compatible with the equipment used.
Most other 1-ooms in the building were not wired to act: mmodate e
ment of the type used,

1 -
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The size and characteristics of the room itself did not allow

_iuch flexibility in the arr-ngement of the desks the readers. Ine
permanent location of the projector screen/blackboard in the fr nt-
centet of the room necessitated the center aisle, and there was insuffic-

ient space to slant the desks or alternate them for a better view of the

instructor.
One dral.,\,back to the classroon selection was that the room con-

tained the only entr-nce to an adjacent classroom which made interrup-
tion a frequent occurrence and tampering with equipment a potential

proble . The classroom itself was reserved for t e microform study

during the ex-per nental period. During normal operations, however,

this would not be the case. If a wholesale cniiverson of mate ials

within a training program were initiated, thc r eaders would be in almost

all classrooms and used 18 hours a day; the problem, then, would be

one of establishing equipment maintenance and repair strategies lf,

h wever, only selected blocks or segments of a p ogram were converted
to microform, the main problem would be one

maxiiwim use of the equipment and

department.

Married students e roll

f scheduling for the

OOTTis within a particular

d in the technical school may live off

base and must, of course, make their own provisions for study. These

students usually co prise between 20 to 25% of a class. With micro-

form use, this ti-teans impr_vising a study area with adequate space and

lighting for extended study, -ithin highly variable living situations.

The on-base quarters provided for the resident students are quite suit-

able for accommodating the viewing equipment itself. Typically, there
are three t ainees to a room, although most rooms are equipped with a
fourth bed which can be used during overload periods. Each student
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has an individual desk (approximately 20 by 30 inches) which is loca ed
near an outlet and adequate desk lighting is provided.

A problem in the residence halls is noise. Trainees from dif-
ferent shifts and diffe ent fiquadrons are represented, sometimes in
the sa e room, so that it is difficuP to establish study hours or quiet
hours which apply to everyone. In gene al, each squadron has at l6ast
an hour for study and an hour of quiet time (optional study) each day.
Ez_aiiplinent Pre aration

For this experiment, the view rs were transported from the
University of Denver to Sheppard Air Force Base, Texas, by rented
truck. After the 12 classroom viewers were in the room and uncrated
(a process which took approximately 30 minu s) each viewer required
about 15 minutes of cleanup and assembly.

1. The lamps had been removed for shipping and needed to be
installed.

2. New reader index cards were installed.
3. The inte_ior mIrrors were cleaned and vacuumed to re ove

dust and dirt.

4. The viewer screens were washed and installed.
5. The glass-flat fiche holders were cleaned.
6. The focus and field settings were adjusted.
For each of the experimental tests, the above checkout proce-

dure was completed while the participating students were completing
their Block I examination in another room. After the Block I tests had
been critiqued, the students who passed ca_ e to the experimental room

The rules concerning the structure of a trainee's time are presentlybeing relaxed so that the trainee is responsible for more of his non-class time.
6
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and received their fiche materIals and an orientation d

s orientation session was an impo tant factor in the successful

utilization of the viewer-fiche system by t experimental students.

The following points were emphasized In the orient tion.

1. Students were told of the experimental effort and their

inyol ement in ft.

Z. The conten s of the notebook-fiche holder were explained

in d tail.
a. Notebooks would be turned in after the Block II test and

students would receive a hardcopy training manual in

exchange

Students were given an explanation of what a fiche is

and that they are sensitive and r -,quire a certain amount

of care in handling. They were told that polarity pref-

erences were theirs alone.

3. Students followed written Instructions to insert the fiche and

align it properly.
4. Students used the rie\verfiche p esent _tion to follow an

explanation of the fiche format and the reader index card system.

5. A similar explanation of the home viewers was given by

demonstration only.

6. Students were told when and how th y would receive their

home viewers. Student respons bility for lost, stolen, or damaged

equipment was established.

7. Students were told that the information obtained from them

during the experimentation would not be used in their training evaluation.

8. After the 0 ientation briefing, the students :--ere given a few

minutes to use the viewers in order to become more familiar ith them.
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Pri- r to the official starting time for B1,)ek II, s -udents in the
experimental classes r ce ved their home viewers. During the first
experimental week, the rented tru k was used to deliver the readers to
students living both on-b.ase and off. The distribution process took
approximately 5 hours (12 students were involved). This unusually
long delivery time was due, pr marily, to several factors: first, fo ir
students lived off-base and this extended the delivery time substanti lly;
in addition, the home viewers had not yet been unpacked and they
required the same setup and check-o t procedure as described for the
classroom viewers. After the viewers were operati -a, students were
given a brief description of their loading and operating characteristics.

After the first experi -ental class had completed its Block II
examination, the home viewers were returned to the base and stored in
the Requirements Unit. Students who lived off-base returned their
readers to the Requirements Unit. The resident students went ith the
truck to retrieve their home viewers and received their receipt for
thew. This process took approximately 1.5 hours.

The home viewer delivery and pickup procedures were simplified
and the time requlred to accomplish them was reduced for the next two
experimental classes. The Requirements Unit assum-A responsibility
for storing the equipment when it was not in use and for Its delivery
and retrieval. Students who lived off-base were issued home viewers
by the Requirements Unit and these men were responsible for setup and
return at the end of the experimental period. Students living on-base
received permission from their squadron commander to be in their
room- during a designated hour to receive their viewers and sign the
hand receipt for them. Several squadron commanders requested that
remedial slips which indicate the time and place of viewer delivery be
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furnished to the embers of their squadron. This procedu e, coupled
with the fact that th- vIewers were in operating condition, reduced

delivery time to ,approximately Z. 5 hours including the time it took to

load the re-ders on the delivery vehicle). Squadron and Department

liaison tir _es were estiwated at 2 ho _ per xperimental week. Pickup,

storage, and preparation of hand receipts represented approxi ately

4. S hours. Readers were delivered during a designated hour on the

fi st day of class and were picked up during the same time period

exactly one week later. All stud nts signed hand receipts for the equip-
ment when they received it and got the receipts back when they turned

in the readers.
Esuip ent Stora2._!

The Requiren ents Unit stored both the classroom viewers and

the home viewers, in their shipping boxes, while they were not in use.

A di aster control storage room was us d during the experimentation
and, although it was sufficiently large to handle the 26 viewers involved

in this effort, it did not appear large enough to handle the storage

requir ments if a large-scale c.mversion to microform were initiated.
This room had the advantage of being located near the loading ramp and

also close to the classroom itself. During the conduct of the experi ent

itself, the classroom viewers were taken to the classroom in the shi -

ping boxes and the empty boxes returned to the storage area. Home
viewers were delivered in their boxes and the students were responsible

for storing the boxes in their residences for the week du ing which they

kept the viewer. Students who lived on-base usually checked the boxes

into a storage area in the residence hall. The e students were required

-0 keep their vie -ers in a wall locker when they were not being used.
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Equipment Use

The microform viewers were used by the experimenta students
in a way which was consistent with the use of hardcopy in other classes.
That is, the classroom vie _rs remained in use for the entire 6-hour
lecture period each day, with the exception of break times. Home study
time estimates by students ranged fron- 3. 5 hours to 40 hours for the
week of training and these estimates yield an average use of approxi-
mately 13 hours each for all experi _ ental students. Equipment abuse
in the classroom itself did not appear to be a problem since all in-class
viewer use was monitored by the instructor. In this study, at least,
equipment abuse outside the classroom was not problem because
student responsibility fo_ lost, stolen, or damaged equipment was
stressed in the orientation. Several students asked about the possibility
of taking their viewers out of town or off-base for the weekend to study
elsewhere. The instructo s and supervisors decided that a man may
take his reader with him since he was responsible for it and would have
to pay for it if it were da a Yed or lost.

There was only one slight classroom interruplion due to the
presence of the viewing equipment; a reader 1 mp failed and was
replaced immediately. In addition to these equipment considerations,
none of the fiLhe or software support materials were lost or damaged
during any of the three exper._ ental periods.

It follows from the above discussion that maintenance require-
ments were minimal during the experimental period. For each of the
experimental classes, the viewer cleanup and reassembly procedure
described earlier in this section was followed prior to the first day of
class. Since each classroom reader was used over Z4 hours during
the week's instruction, this cleanup was an important part of the prepa-
ration for the next class. Fingerprints, pencil marks, and smudges

4 0.
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appear on the screen itself, fingerprints, dust and di.rt accumula e on
the fiche carriage, and dust particles began to settle on the interior

Outside tampering with the equipment was minimized by
covering the viewe s at the end of the shift each day. The fiche them-
selves were replaced with new fiche prior to the start of each new

Block II experimental class. The dust and dirt particles which accum-
ulated on the fiche would have been v- ry dist -acting when magnified
18 times. Attempts to clean the fiche usually result in scratches or

other damage to the film surface. One problem area noted was with the
diazo film dissemination copies used in this experiment; the negative-
mage fiche had a tendency to buckle slightly with extended use because

the film held heat from the light source. This d d not occur --ith the
positive-image fiche.

Three additional viewers were available for _se as replacements
if any major maintenance or repair had become necessary during the
experimental period. However, during the preparation and experimen-
tation, only very minor repairs were required. In all, two classroom:
reader I mps and one home reader lamp were replaced. T o additional
classroom reader bulbs began to discolor (turn brown on one side) after
approximately 1. 5 weeks of use. Since this discoloration affect d the
screen presentation, these bulbs ere also replaced.

41
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IV'. INSTRUCTOR MICROFORM USE ANAL -SIS

Three instructors were involved in the experimentation. As
mentioned in Section II, each taught the Block II instructional sequence
("Basic Computer Operation") to a control class, which used the
revised training manual in hardcopy for and an ezperimental class,
which used microform materials exclus vely. Each instructor was

-en a thorough explanation of the operating characteristics of the
viewing equipment and of the fort atting technique applied in presenting
the materials on microform but no attempt was made to influence the
t6aching technique employed in the classroom. The i structors were
a ked to use the technique which they felt was most appropriato in view
of the equipment used. Each inStructor followed a detailed Blcck II
lesson plan which outlined the points for emphasis and the sequence in
which they were to be taught. This outline corresponded very closely
to the organization of the Block II training manual

T e Instructors were interviewed periodidally and each experi-
mental class was monitored daily to obtain information regarding the
effect of the microform system On teaching technique and the role of the
instructor and to document changes in procedure necess tated by its
use. The monitoring activity showed that the general approach to teach-
ing the course, independent of the medium of presentation, varied from
instructor to instructor. For example, the amount of feedback or
interchange which the instructor atte -43ted to elicit from his students
varied widely. One instructor was very good at drawing out student
response. He encouraged questions from t e class and handled them
very well. He attempted to get erxh student to participate in class
discussions by asking questions and had the students answer the review
questions verbally in class. The second instructor was much less
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concerned with feedback from his students. He did not solicit questions
from the class as strongly as the first instructor had, although he
handled them well when they were asked. He seldom asked questions

of the class and the review problems were answered in written form
and handed in rather than answered verbally in c'lss. Compared with
the previously ment

on lec re and less
instructcr used the

oned instructor, his class placed more emphaSis
on discussion and student participation. The Enal

lecture method of presenting the material almost
entirely and asked only those questions suggested in the training

manual. Student participation and discussion was minimized in his
class.

There was also considerable variation among instructors in the
use of visual aids and the chalkboard to illustrate or emphasize certain
pointu covered in the l cture. One instructor used illustrative slides
spari gly and used thc chalkboard only once during the entire week.

Another instructor used slides to present pictures of equipment which
had only been described in the manual and us?,d the chalkboard to

emphasize the main topic areas of his lecture, and the third inst uctor
used both slides and the chalkboard t- provide illustrations and exam-
ples throughout the week.

The three instructors also diffe :ed in the amount and type of

material presented in lecture which digressed from the main points o
the lesson plan.. This varied from a point by point sequential "rehash"
of material in the training manual to a relating of the instructor's past
experience in the field to illu tr te what can happen in the actual
machine room environment.

Finally, there was variation in the way the instructors moved
about the room as they addressed the class. 0 e instructor continually
paced the front of the room as he talked, while another never left the
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podium. The third fell between these t- o ext emes, occasionally
moving fro_-- place to place during the course of his lecture.

These variations in the general instructor approach to teaching
the course were m ntioned in this section to indicate that, although the
lesson plans and olfecti es of the -ourse are the same for all instruc-
tors, individual teachers may be differentially effected by the tr-duc-
ti-n of a new medium for presenting the instructional -aterials. These
,ffects may be evi(lenced in the ma. r and degree to which new equip-

ment is incorporated into existi g teaching methods and by the changes
its use necessitates _n classroom technique.

The degree to whi h the microform equipment and materials
were used as an instructional tool aiso varied from instructor to instruc-
tor. One structor used the micrulorm materiall exclusively during
the entire w ek he taught tile course. That is, he did- not even bring
his notes or the hardeopy form of the training manual into the Class-
room but relied entirely upon the filmed motel_ ls for his orientation .

His cle.ssroo lewer faced the front of the room so that the students
could not see the presentatwn. He referred the students to the proper
frame by using the coordin 1_43 index card located on each reader.
This particular instructor continually referred to the supplementary
material contained in ROWS B and D of the fiche. His use of the mate-
rials and equipment did not ch rnge noticably from the first day to the
last.

The second instructor also attempted on the fIrst day of class to
use the microform materials exclusively. However, this proved very
difficult for him due to the big difference between the reader presenta-
tion and his usual method of keeping his orientation within the te t. He
had pr viously highlighted his training manual with various colors in
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order to quickly identify main ideas within the text. He had then
directed students to that general area of the manual and began to lecture
on the ropic area identified. The microfiche present_t on, of course,
could not be highlighted and the p_ nts he wanted to emphasize were not
easily identified. Therefore, after the t da- he began to use both
his highl -hted manual and the -reader presentation. His technique was

idently what he wanted to e ize using his revised manual,
locate the corresponding material on the fiche, direct the students to
the proper frame, and begin to lecture. His viewer again faced the
front -1 the room and he directed the students using the re-der index
cards. This instructor only occasionally referred to the supplementary
material in class, but advised his students to rev
their home study.

The third instructor involved in the expe-

ROWS B and D in

entation also had
initial adjustment problems as he attempted to use the fiche. However,
this instructor decided to discontinue the use of the microform presen-
tation and to rely on his revised training manual in the more familiar
hardcopy fc m. His students, of course, continued to use the mi
form materials. For referral purposes, he labeled each page in
training manual with the fiche number, row, and frame number of its
corresponding lo-ation on the fiche. For example, a page labeled
4-C-3 would conta.;n material located on fiche number 4, row C,
column 3, and using this system, the instructor could direct the stu-
dents to the material to which he was referring.

This description of how the microform system was used by the
participating instructors as an instructional tool illustrates that there
are a variety of ways that the microform viewer could bc incorporated
into the teaching method. However, the particular microform viewer
used in the experimentation did have several disaivantages which
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required some adjustment on the part o the instructors For one
thing, the size and bulk of the reader made it difficult for the instruct r
to maintain visual conta,L with all of his students as he lectured. Eye-
contact and facial expressions are aormally important types of feedback
which the instructor uses to determine whether his students are under-
standing particular topic areas. Obviously, this loss of visual contact
differentially effected the instructors depending upon how much impor-
tance they normally place on feedback from their students, but each of
the instructors n entioned th:is as a problem. One of the instructor

_

partially alleviated this problem by pacing the frott of the room as he
lectured enabling him to see differ:, -t students as his angle of vision
changecL In this regard, the size of his vie- er presentation allowed
him to mair;:i his orientation to the text from :ious parts of the
front of the room. Again, individu "4 instructors have preferred lecture
styles which inclu e moving about the room for some and remaining
stationary for others and it is difficult to adapt established lecture

';_ts to jit changing situations.
The use of visual aids and the chalkboard was also affected by

the microform system used in the classroom. Students in the back of
the room.we e required to stand in order to view the lower portion of
the projection screen due to the interference of the reader. This
position made it very diffi ult for them to take notes on the slide mate-
rials presented. This same difficulty also occurred with the use of the
chalkboard. In this case, the adjustment was made by the instructors
who attmpted to write on only the upper portions of the board. To
accomplish this, the shorter inst uctors elevated themselves by stand-
ing on a short bench located in the front of the room. With the exception
of the itite ference due to its size, however, the microform equip _ent
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worked very well with the dim lighting conditions inherent in the use of
the slide nrojector. In fact, one instructor often left the slide projector
on ai,c1 the lights off even when there was no i_ age presented on the
projector screen.

Another disadvantage of the microform system used in the
classroom was the volume of the fan noise when all the vie ers were in
use at the sa- e time. It was difficult for the instructors o speak at a
level which could be heard above the fan noise for the entire six-hour
lecture period each day. The students also had problems hearing the

comments of other students who -ere facing the front of the room.
Diffi ulty in hearing was compounded by the lack of eye contact.

There were three additional disadvantages in the classroom
which were based more on the microform concept itself than on the

particular viewers used in the -tudy. First, the printing on several
diagrams and flow charts was too small to be read on the viewer when
these ch rts wer reproduced to be presented on a single "frame ' of
the fiche. This was especially problematical to the instfuctor who did
not have a hardcopy version of the training manual in the classroom for
reference. It was suggested that XOX copies of these diagrams and
charts be distributed to the students as supplementary hardcopy mate-
rials but this was not done Of course, future applications of the
microform technology for presenting instructional materials could
overco e this problem through improved planning in the original film-
ing procedure.

Secondly, the pages as reproduced on the fiche we e not num-
bered, due to the particular format employed in the study. This

caused some minor orientation problems because of the double frame
presentat'on capabilities of the classroom vi.:-wer and the iact that the
fiche-in ertion proced-ure had not been stressed as a potential source
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of difficulty. :In general, however, the reader index card was used very
effectively Iv the instructors to direct their students to particular
desired frames.

Finally, the instructors' revi- of the workbook problems con-
tained in ROW A of the iche was quite awkward because the specified
reduction-ratio employed in the study required the use of 13 different
fiche That is, an overall review of he training manual 7complished
by scanning ROW A of the fiche) required frequent re _-_oval of one fi he
;-ind insertion of another. The production of an additional fiche which
presented au. workbook and review problems in one place would resolve
this difficulty.

The above disadvantages of the microform system for instructor
use in the classro_m should not be considered sufficient to legislate
against the use of this medium of presentation in future technical train-
ing programs. All can be adequately resolvedthrough equipment
improvements and proper instructor indoctrinaLon. The wide variety
of teaching approaches and techniques evidenced in thi,..s study further
emphasizes the need for a th_ -ough group indoctrination of all primary
and alternate instructors concerning the use of m crofo- m in the class-
room. This would allow them to share their ideas of methodology and
to learn the advantages and possibilities of microform beyond their use
as a book sub titute. The indoctrin. tion could, for example, emphasize
the flexibility of microform as a teaching tool and con ider ways to

t _er employ the unique formatting or organIzationil capabilities of
the fiche in the classroom. In addition, it could alert the instructors
to the various disadvantages inherent in the use of he particular system
employed and allow them to develop strategies to counteract these dis-,
advantages. For example, in the .present study, fan noise and loss of
eye-cont7ct were problems which c uld have been at least partiall
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counteracted by having the instructors walk among the students as they
E

lecti__ ed. They could have used the students' viewer i to maintain their
orientation and check student progress and this tec:inique poss'- 'y
would have resulted in more ,_t dent questions and inc_ _ sed student
p:rticipation in the class. In other wo ds, the indoctrination session
would better prepare the instructors for the situation they will encounter
in the classroom.
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V. EXPERIMENTAL RE ULTS

Student Use of Iviaterials

Before the effects of introducing the reader-fiche system to -:he
experimental group can be properly assess d, it must first be estab-
lished that student use of the instructional materials was comparable
for the experimental and control groups. Classroom observation indi-
cated that the viewi equipment was in use during the entire 6-hour
lecture period each day. Its use as an orienting method for following
the instructors' lecture is comparable to the use of the training mani al
in hardcopy form by the co,itrol classes with one exception. Students
in the control group made occasional marginal notations, highlights and
(-or ections in the training manuals whereas the use of microform
materials by the experimental group necessita_ed taking notes on a
separate pad and relating them to the presentatcon. Over-11 classroom
exposure to the instructional material, however, was identical.for the
two groups.

Information regarding use of the instructional material outside
the classroom was obtained from the student-use check lists f lied out
by each participating student. It revealed that students in the control
group spent an avc., age of approxi ately 15 hours reading the training
ma ual outside the classroom during the one-1 eek period examined,
compared with 13-3 4 hours per student for the expe imental group.
The fact that the control students averaged 75 minutes more of out ide
study possibly reflects the fact that this group contained a lo er per-
centage of airmen whose study time is limited by squadron duty and
lights-out conditio _s in the residence halls. This interpretation is
substantiated by considering the range of outside reading behavior.
For the control group, the overnll range was from Z hours, 20 inutes.
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to 49 hours of outside reading eon: pared --ith from 3 hours to 44 hours
fo the experimental group. Separ-ting this data by rank, however
produced the following results:

,_ontrol Group -- Airmen, /4 hours to 26 hours: .0's,
2 hours, 20 minutes to 49 hours.

Experimental Croup -- Ai:men, 5-1/2 hours to 13 hours:
NCO's, 3 hours to 44 hou

These data quite probably approach the upper limits of time available
for outsidi, stIti-- to students in the categories considered, especially
since additional t me was sp__it on workb ok and review problems. It

was estimated that if airmen utilized all available time, including week-
ends, their outside study could not exceed 30 hours. When the NCO's
from botn groups who studied over 30 hours o Aside the classroom
we e ignored in the calculations, the fferenee between the two groups
in average s' .dy time per student was reduced to just 20 minutes over
the On eek period (N = 34 for the control group and 32 for the expe
imental group). Since these data were based entirely _n subjective
esti- ates by the students, more rigorous comparative st tistic11 pro-
cedures were not applied. The or1ginl 75 minute discrepancy repre-
sents only an eight percent difference in outside study time bet
t o groups and sup-ports the conclusion that _xposure to the instructional
material outside the elassro --as comparable for the two groups.

Students in the experimental group spent an average of approxi-
mately onr hur of their study ti __e reading the additional information
presented in ROW B of their fiche and an average of approximately
30 minut-s reading the comple entary material contained in ROW D for
a combined total of 1-1/2 hours per student reading the supplementary

materials. This compares to an average of approximately one-hour
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per control stude t reading the additional and complem mtary materials
combined on the back pa4; s of the har_ ony training manual. The
30 minute difforence het\vecn the two groups in the use of supplementary
materials possibly refle-ts the value of the forn atting technique
emp oyed in. -resenting the rnaLerial to the experimer d classes. It is
also possible., however, that this difference refl -ts the manner in
which the data were obtained from the two groups. That is, questions
regarding the use of additional and complementary materials were
combined by necessity for the control group while separate estimates
were obtained from the students in the experimental group.

Additional time spent working the workbook and review problems
was very comparable for the two groups. The control group reported
to have averag d 3-3/4 hours on the review oblems compared with
4 hours for the experimental group.
For -al Exa iination Results

Three sets of examination scores were recorded for u e in the
analysis of the effects of the fiche medium on achievement. Scores
from Block I, Block II, and Block III were tabulated for this purpose,
although the experimental conditions were confined to Block II. Mate-

al in the two-we !lc Block I sequence includes basic information on
Air Force Policies and Procedures, including training orientation _d

explan tion of the operation of peripheral computer equipment. Test
scores for Block I reflect written and performance evaluations.
Bccise there was so little basis for stati:tical co Rarison of the
experim_ntal and control groups (some aptitude scores were available
but the data were not complete), Block I scores for each of the samples
were used as a basis _termini g if the groups identified in Sec-
tion II were drawn from the same population. The conditions uncle__
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which all three groups (con _ol, revised, and experit _ntal ) were
treated in Block I and in Block III were not des gned to vary in any
system_ tic way. Block II, the experimental week, provides instruction
in comput-__,: components, computer functions, and computer languages
and is basically an introduction to the machine an( to the procedures
for computer operation. Block III is a -_-:-achine room application of_
Block II material, and as such the analysis of Block III evaluations is
conside-_d pertinent to the measurement of performance in Block II.

s discussion the following termin logy is used to identify
each of the three groups of examination scores. The first group of
scores represents the Ofli y four classes of trainees that completed
Block II usilV, the hard copy forn of the unreyis,:!d traini g anual, and
completed Block III under the new performance evaluation procedure
that was instituted under a concurrent service t st. ,This group is
designat d in this discu:iion as Control Group C. The second group
consists of the three classes which used the revised h(lcopy edEtion
of the training manual. This group is identified as Control Group R.
The Experimental Group E consists of the three classes that useC the
microform materials. All three groups us41 the same Block I and
Block III material and were evaluated with the same instruments for
Blocks I, II and.III. ',Only data from those trainees who successrAilly
completed all thr ee blocks oiinstructon are included in this analysis.
Table II compares the pass f il ratio of the three groups. Failure is

Table II. Numbers of Students Who Passed or Failed Each Block

Group
Block I

Pass
Block II

Fail Paas Fail
lock III

Pass Fail
41 1 40 0 40
'4. 4 36 2 35 3
33 1 34 0 32 2
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interpreted here to include scores of less than 60 On a t int al exam x

nation attempt. In each case, aft -successfully repe_ti_ g the section
previously failed, the trainee eventually continued into the next block
of instruction Two of the R gr ip failures and one of the E g oup
failu -es in Block III were _ lally washed out. With zero failures for
Control Group C, it is chili, tilt to use C as a basis for compa ison.
(The Cof trel Group R had Z failures in Block II, and 3 f-
Block Ill, hoever, there was a nigher -fate of failure in Block I for
G oup R.) Since no statistical i ferences should be drawn from this
lim ted data, note only that the experimental Group E did not experience
any failures during Block II, and only two failures during -Block III, one
of whom scored below 60 on his fi =st attempt through Elock I also,

A frequ ncy d1stibution of grades for Blocks I, II and III is
shovn in Table III. Table IV presents the arithmetic m an and st- dard
deviation for each block of scores for each of the three groups.

Table V presents the results of an anatysis of variance for
Block I scores which was computed to determine if the differences in
the variances e attributable to sampl' ig errors. The Table of
F values indicates that it is appropriate to use tests for significance of
means quiring equal variances in the p_ r w_th
39,30 degrees of freedom at the .05 level i:Aust be equal to or greater
than 1.79 for significance.

The unmodified t-tests for s gnificance of n ans for each of the
three group:; are shown in Table VI. The only significance encountered
was in Block 1 in which the revised hardccpy Control Group R performed
sign fi _antly better at the .01 level than the ExperImental Group E.
Since no treatn ent was in -lved in Block I, a simple t -test of the two
independent groups (R with E) was sufficient to establish significance .
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Table III. Freouency Distribution of Raw Scores With a
Class Interval Five

Control Group C Control Group R Experimental Group E
Unrevised Hardcopy Revised Hardcopy Microfiche

(N = 40) N = 31)

Score
.Interval

(N = 2

Block I

96 100 0 1

91 95 5 5 0
86 90 9 7 5

81 85 7 6 6
76 80 11 8 .1_1

71 75 5 1 6

70 1 3

60 65 1 2

Block II

96 100 0

91 95 1 1

86 90 4 3 1

81 85 7 4 4
76 80 8 6 8

71 - 75 8 6 7

66 70 8 5

60- 65 3 6

Block III

96 100 1 4
91 95 3 5
86 90 6 5 5

81 - 85 4 6 4
76 80 5 6 6
71 75 5 3

70 8 5 3
60 65 3 3
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It was on the basis of this test that it .as d- _ided to u _n analysis of
covariance for groups P. and E to determine if there was any significant
difference in performance in Blocks II and III, adjusting for or co-
variating the differences in Block I. The resuies of that test are shown
in Table IX. Since the t-test of Blocks II and III for the C and R. groups
and the C and E groups did not show significance, it was not necessary
to proceed with any more rigorous tests, and it can be assumed that
any differences in scores between the Control and the two other groups
can be attributed to chance alone.

Table Raw score M- ans and Standard Deviations
C N=40

Block I 81.7 7.1
Block II 76.2 7.6
Block III 79.6 10.8

84.1 6

75.9 7.7
80 1 10.1

78.1 6.5
;3.° 7.6
82.9 19_ 7

Table V. Table of Variances, Block
C-R

Variance 52 1.275 1.19 1.07

Table VI. Table of t Values for Significance of Me ns
Block I Block II

1.476 2.206 0. 03 1.271
3.698* 989

60 df t = 2 660 at .01 leel of confi!ci nee
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There was no control for the relative numbers of airmen and
nc'ncommissioned officers in the Control Grotp R and Experimental
Group E. Data or each of these groups is therefore shown separately
in Tables VII and VIII. Tables Vila and VIib present the raw score
means and standard deviations for airmen and non-coms respectively
and the results of the t -tests or signif canre for the two groups are
given in Table VIII. The only significant difference in means of the
two groups occurred In Block I scores for the airmen.

Table VII. Me ns and Standard Deviations

Block I 81.7 6. 5 78.9 6. 2 85.7 5.7 77.4 6.7Block II. 74.4 5.4 73.0 6. 8 76.8 8.8 74.7 8.1Block III 84.5 8.9 85.7 8 6 77.4 9. 8 80.6 11. 8

Table VIII. T-Test Values
Villa. NonCornmissioned Officers VIIIb. Air ien

R-E
t values

Block I 1.103
Block II .564
Block III .351

Table IX. Test of Significance of Influence
Block I Scores on Block II and III Scores

Source of Variation

Total
Within
Difference

-E
values

3.918
.721
.873

Sum of Mean
df Squares
61 7405.4
59 4667.4

2738.0
= 1 . 73. For significance at.Q5 level F2,95 5. 15
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Ther_ ere no sigr ficant differences in performance in
Blocks II a d Ill for any of the three groups. Noting, however, that
Group R perforined significantly 1-)cter than Group E in Block I where
thece was no difference in the treatment, it is appropriate to lo
tko analysis of covariance to determine whether tiere is significant
difference in Blocks II and HI, having remo ed the bias introduced by
class differences as revealed in Block I scores.

Table IX indicates that when the criteri n means of the two sub-
groups are adjusted for the gro p difference as reflected in Block I
scores, the difference in achie -er ent in Blocks II and III cannot be
attributed to anything, but sampling er or. Therefore, the difference
In means for Block I, although significantly higher for the control
group, is not sufficient to indicate that the differe ce in Blocks II
and III scores is an indication of superior achievement using microform
materials. In terms of magnitude, the Block I mean for the control
group was 6 points higher than the experimental groap, for Block II it
was only 2 pi'nts higher and ii Block III, the experimental group
scored an average of 1.8 poi ts higher than the control. In terms of
the research hypothesis, however, it must be stated that there was no
significant difference in performance a __ong the three groups usirg the
standard, revised and fiche instructjonal materials in Block II, nor was
there evidence of different performance f each of the three groups in
Block III.

As a point of infor__ ation, this analysis revealed a noticeable
difference in class variance in B1 ck III as compared wIth Blocks I
and II (Table III). Another interesting statistic is revealed in
Tables VII and VIII, where the non-commissioned officer data is sep-
arated from the airmen data. Airmen scored somewhat lower in
Block III than non-commissioned officers and had a substantially higher
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egree of var in each case, as revealed .n the standard deviatIons
(no tests for significan pe formed). IP addition, the t -values for
no corns and airmen indicate that most of the diff rence in mea s
between the R and E groups is found in the airmen category. The non

cornrnis3ioned groups appear to be considerably yiore homogeneous in

all these ileasures.
Stud nt Subjective E aluations

The students who participated in the classroom experimentation

are unique in having experienced the su-tained use of microform as the

exclusive medium through which instruct onal materials were presented

to n et defined course objectives. Their opinions concerning the ques-
tions surrounding the use of educational microforms were obtained

through a questionnaire nterview technique and are summarized with
regard to the following considerations.

1. St dint atti.tudes

2. Effect of microform use on study habits

3. Fat gue chai act ristics
4. Polarity preferences
5. Fiche organization and format

6. Viewer preferences
7. Student criticism and rec- mendations

Student Att tudes. Response to a pre-class questionnaire indi-
cates that only five of the 34 students in the experimental group had any

experience with rnicroforms prior to this class. Most of this experience

represents reference work for research papers in high school 0i-college.
Only one of the students wIth previous microform experience expressed

negative feelings toward its use.

Students were als asked in the pre-class questionnaire whether
they thought the use of rnier
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their Block II exp_ ience. Only iOUi Lud its thought it would hinder
then 20 (57%) thought it would help them, and the remaining 11 stu-
dents had no opinion. The primary reason given by those who thought
it would help them in Bi- ck TT was th-t the novelty of tho syste- ould
old their interest longer and lead to improved study habits. Those

who thought the system would hinder them cited lack of reader portabil-
ity and the inability to underline or make marginal notations on the
fiche as the pri .ary influencing factors.

It can be concluded from these remarks that prMr to their
experience in Block II, student attitudes toward microforrns wer-- gen-
erally positive and that there was little prejudice or resistance to the
use of this new medium of prese tation.

In the post-cla s questionnaire, these same students were asked
whether their attit de toward the microform system had changed with

7tended use. Nineteen students or 56% of the experimental group
respo_led that their attitules had changed. In 12 of these case's, stu-
dent attitudes improved over time while for 7 students they worsened.
Those with increasingly favorable attitudes commonly thought when the
cl- ss started that the fiche would be more difficult to use than a book
and would inte-fere with or complicate their study methods but found
with actual use that the organization of the material and the additional
information included on the fiche actually made study eas er and more
efficient.

Those with increasingly negative attitudes toward microforms
com ented that they became aware of more and more deficiencies in the
system with extended u e. For example, it became increasingly
troublesome to remove the readers from the wall lockers and set them
up for just a few minutes use; it becaine bothersome to have to exchange
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fiche in order to review previ isly read material, and students began to

int-rest in the system as _totak lg became a chore and the inabil-
ity to highlight became more noticeab

These comments imply that v hile initi 1 impressions are
mportant in the introduction of new learning equipment, attitudes and

opinions do chanAe with extended use if students are not given an oppor-
tunity to discontinue using the system when first impressions are
unfavorable. If there is a value added by the system such as the sep-
aration of _in t-xt and supplementary materials in the format
employed in this study), this value becomes recognized with conti ued
u:,e. If this added value is of no p _ticular advtage to a given student,
equipment def ciencies and inconveniences become more noticeable and
his attitude becomes more negative.

Students were also asked whether they would prefer to continue

usi g the microforn viewers or return to using the training manuals in

hardcopy for In response t- question, 19 students (56%) stated
that they would prefer to return to tbe u f the manual in h= -dcopy
form. These students stated three m- jor objec,ions to the cont" ued
use of microfo s:

1. The use of microforms limited study to the loce.ti n of the
readers, which was not always the best environment for study.

2. The inability to highlight or make marginal notations on the

c e as can be done in the manual necessitated more notetaking.
3. Review required that the fiche be changed in order to access

previously read materials vthich is not true iith the manuals.
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he ten (- -ould prefer to continue using the microform
readers cited th. ee main reasons:

I. The fiche pre tation was better organized; essential
materials were indicated so that supplementary material need not
read unl ss problems were encountered or time permitted.

Several students could read faster with less eye strain
using the microfo presentation. (This response and the one immed-
iatety preceding are quite probably interrelated.)

3. The reader presentation fo -Ced st _dents to take notes and
in that way learn the Ina al better.

Five students also commented that they would like to use both
the viewer and the training manual conetv:rently. These student indi-
cated that t .ey co ld work fa ter using the f che and liked its organiza-
tion but would also like to have a nianual so that tLey could stud- where
they -anted. to.

EffsJ-jOld-r Habits. A majority of the students (74%)
indicated that the reader-fiche system altered their study methods in
some way-. Some of these changes were positive, some negative, and
some were open to interpretation. On the positive side, several
students felt that studying was less tiring using the viewer and that they
could _tudy for longer periods of time. Other positive comments were
that students made it a point to study more due to the novelty of the
system and that their hands were free to do other things while they
studied. On the negative side, some students did not take advantage of
short periods of study time since it was necessary to remove the reader
from the wall locker and set it up prior to use. Others resented being
restricted to the barr cks rather than spending more time in other,

2.
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quieter locations. in addition, _tudents were also restricted to their
desk when they noimally wot ld have relaxed in bed or in a chair while
they re-d.

Several students indicated that the reader presentati-n forced
them to take niore __otes rather than hi hlight in the manuals. Son

simply did II- -re reading since they could not review only what h-d been
highlighted. These last comments are subject to interpretation. While

they might seem to the student to be disadvantages, they might actua 1-
help him better learn the material. Some of the highlighting requ _e-

ments may actually have been accomplished _for the btudent by separ-
ati g the supplementary and complementary ma__ ial from the main text.

Seven students or 2l of the experimental gro p felt that their
study ieeds were not met by the reader-fiche system used in the

sidence halls. These -tudents felt that the syStem was inad quate
for review because main points could not be highlighted for emphasis
and the f he had to be frequently chai ged in o der to access material,
In addit on, having their study restri eted to the barracks resulted in
frequent interrupti_ns by other t inquiring about the viewing
equipment. The major ty of the students (79%) however, iiidicated that
they were able to adequately meet their home study neee:s using the

crofor_ system.

Si cc notetaking is an important aspect of almost any course-
related learning experience, this particular study task was examined
some detail. The extent of not taking activity, as, determined from
response to the post-class questionnaire, is presented in Table X.

in
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Table X Experin ental Student Response tO the Ques ion,
"Did You Ta Notes on The Material" 9

None
A Few
Extensive

In Class

1 ( 3%)
15 (44%)
18 (53%)

At Home

8 (24-
17 (50%)
9 (26%)

These responses indicate that a majority of the pa- icipating
students took at least a few notes on the instructional materials. Less
than one-third of the experi- ental group had difficulty taki g notes
whPe using the m croform materials. These difficulties were based on
four niain p roblerns.

1. It was reported that notetaking was more difficult and
consuming than underlining or making marginal notations so that it was
impossible for so e students to complete their assignme ts n the
limited time available to them.

2. It was necessary to take more extensive, thorough and pre-
cise notes to be able to relate them to the discussion or to the text for
review at a later time.

3. When sentences were interrupted at the end of a fiche, it
was difficu t to concentrate while making the tr-n ition to the next fiche.

4. Fan noise in the class oom coupled with the rapid teaching
pace made it difficult to hear and take notes on all that -as said in the
lecture.

The student responses to the que ti nnai e give no indication
that the physical characteristi s of the viewers in conjunction with
limited work space caused difficulties in the actual physical act of
takkrig notes.
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Fatigue Char,- Re spor

naire indicates that fatigue resulting fro
pervasiv- problem in this exp_,-:iment.

t ao post=ciass question-
i Ir use was not a

-ity of the students
(74%) felt that it was not necessary take more study breaks using
microforms than it would have been had hardcopy materials been used.
Several students did, however, indicate that using the viewer-fiche
s7stem res lted in paysical and/or eye fatigue over and above th
resulting from hardcopy use; nine indicated eye fatigue and four indi-
cated both physical and eye fatigue. Student comments indicate that the
primary cause of eye fatigue was the nonuniform distribution of light
which resulted in a bright spot on the screen. In this regard, slightly
more of the students experienced eye fatigue using the home viewer
than using the classroom . ieer (11 students conipared to 9). Student
responses to othei questions indicate that the center screen brightness
was more noticeable on the home viewer.

Physical fatigue was associated with restrictions imposed b the
reader-fiche system itcelf. Limited work space and the size of the
reader made it difficult to alter the physical position of the reader so
that students were forced to maintain a rather consi-tent po- ture to use
the syste

The pe centages enumerated above are based on students1 sub-
jecjive feelings of fatigue since-measures of 2_b_jectiye fatigue ma -ifest
in performance decrem nt were n t available. Although fatigue was
present using the vie _-er- 1( he presentation as in any extended reading
task), the students were s ff ciently motivated to complete the necessary
readings and meet course requirements.

Pola- ity_.preference. Thevarticipating students expressed a
very d- finite preference for the negative-image fiche for both class-
room and home study uses. Almost 75% of the expenmental group
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preferred the negati nage while only 15% pi:- erred the pos e-
image fiche. The remainder of the class stated no p eference or md
cated that their preferences were dcpeddent upon vhe sitnation. The
primary factor which influenced student preferences was eye-strain.
Th, negative-image fiche reduced eye-strain by minimizing the glare
or "hot spot" caused by nonun.form illum nation and by reducing the
distraction caused by dirt and dust on the film chip or on the fiche
carriage glass plate.

Reduced eye strain was also the prime influencing factor for the
-- students who preferred the positi e-image fiche. These students

felt that they could read longer using the positive polarity because the
image was much clearer and crisper.

These student comments were substanti.ated by the classroom
observation. In each of the experimental classes, there was an initial
exploratory period during which no polarity preferences were evidei-_ -ed.
As time p ssed, howev more and more students 3 witched to the
negative-image fiche so that the preference for this polar ty was clearly
established by the third or fourth hour of use. However, the student
polarity preferences evidenced in this study should not be considered a
reco- _mendation t_ produce only negative-image fiche for future
instructional applicationS. There were a fe students who used only
the positive- mage fiche and with certain types of material (small dia-
grams, f or example) and for particular applications the positive-image
fiche was used by the major ty of the students.

Fiehe_Organization -d Format. Microforms desigr _d for use
in direct support of a particular course must meet specific, structured
information needs as defined by the instructor or by the course objec-
tives. In Air Force technical training programs, course objectives are
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very rigorously defined. Therefore, the specific order of re ding
imposed by these objectives was follo ed precisely on the fiche. How-

ever, it is important that the Mill presentation be formatt d and indexed
in a way which adequately and conveniently meets the defi ed informatior
needs.

Each of the thirteen fiche used in the course contained an c

legible heading which included the number of the fiche, the n yiber of
the study guide to which it referred, and a brief description of its
content. The fiche were also arranged num rical y in the fiche con-
tainer so that the user had easy access to specific fiche by number, by
study guide, or by content. Almost 90% of the experi _ental group

(30 of 34 students) felt that the indexing system adequately fulfilled

their needs.

Another important consideration is the format or style of pre-
senting materials. The innovative format used in this study (described
in Section II) was responded to favorably by the experimental students.

Seventy- -ne percent of those responding said they neve_ became "lost"
thin the material and 77% had no difficulty locating specific required

mages. The reader index card used in conjunction with the format

provided the instructor with a convenient -eans of orienting the studen
in the classroom. For those who did have difficulty, the problems
arose mostly when changing from one fiche to another.

The majority of the st- dents (85% or Z9 of 34) were sati_ ied
with the organization of the materials on the fiche. Those who were
not, cited two important considerations. Occasionally, paragraphs or
sentences were interrupted at the end of a fiche and it was difficult to
hold a thought while making the transition to a new fiche. In additio

the two readers used by the students did -lot have identIcal x-y
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C dinating systems or identical -fiche loading characteris ics and this

caused some minor adjustment p oble

Seventy-five p_rcent of the group preferred the organization of
the fiche to that of a ;onvent onal book (17% preferred the book and

9% did not answer). They especially apprPciated having the main text

separated fronl the additional material which could be used if problems

of understanding arose or if time permitted. They also liked having

the revieN- questions located directly above the materials relevant to
them. It was t_luch easier to check responses or find answers than

having to page through a book.

Students who preferred the, conventional book style cited not

being able to underline or make margi -1 notations on the fiche. How-

ever, these responses are more relevant to the mIcroform concept
itself than to the pa_ ticular organization of materials utilized in this

study.

Students -ere asked to indicate how often th used ROWS B,

aDd E of the for atted material.

Table XI. Student Esti-- ates of Their Use of Supplementary Materials

ROW B
(additional explanation

ROW D
complementary material

ROW E
outline

Always 7 (71%) 5 (15%) 0

Often 9 ;26%) 8 (23%) 2 ( 6%)

Once in
a While 16 (47%) 18 (53%) 6 (17%)

k t-t 2 ( 6%) 3 ( 9%) 3 ( 9%)

Never 0 3 (68%)
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These responses are consistent wIth results from the student-
use check list which indicates that -tudents a -eraged one hour and
2 minutes of study ti _ e in ROW B and only 32 minutes in ROW D. They

are also consistent wIth classroom observations which indicated that

students were aIm ost entirely dependent upon the reader i -iclex card for

search and orientation and seldom, if ever, _ sed the outline in class.

Thirty-two of the 34 students said that the additional explanato y

material in ROW B helped them in their study, mainly by providing

definitions of terms and illustrative diagrams which helped them under-
stand the ain text. Similarly, 76% felt that ROW D -,_,Tas helpful to

them; the material presented th_ e also helped them understand the
main text but also provided n terial which was interesting to them a_ d

crea ed their awareness of the field in general. ROW E (outline

which was seldom used by the students, was found to be helpful t_ only
seven students (21%). Those who responded negatively simply did not

find it necessary to use the outline.

The location of the workbook and revIew problem-_ directly

above the relevant textual material proved very helpful to all but one

student. It was much less time consuming to do the problems and
check responses using this format.

In general, then, the formatting and index ng techniques

employed in this study were responded to favorably by the students and

used effectively by them in the course of their study.

N neteen students or 56% of the experimental gr ..Ap felt that the

notebooks helped them in their home study. Many of these students

stressed the fact that the organization of the notebook allowed them to

index material for easy reference later. Others said simply that they
appreciated having the paper for notes and working problems. Other

favorable comments were that the ,riotebooks allowed them to study their
69
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classroom note t home and th t Llice their home notes were col_ plete.
they were no longer restricted to the viewer and could study outside the
barracks.

ID-ople who did not feel that the notebook helped them with their
study commented that the spiral notebooks which ,ere issued separately
gave them a more permanent, better organized set of notes after the
class w s completed, whereas all the otebook was good for was holdir
the fiche.

There is an indication iron these comments that the not book-
fiche holders wo ld have been more valuable had tric students been
able to keep them after the class was completed. Knowing that they
would only be able to keep their notes. they preferred to use the spiral
notelkok.J in conjunction with their experiment-1 materials rather than
the loose-leaf not(' paper provided. Classroom observations indicate
tha- 'n general, only nine or ten students used the notebooks provided
for taking notes.

However, students felt th.,..A the fiche-container itself was a
valuable aid: Thirty of the 34 students in the experimental group had
no difficulty locating specific fiche since thcy were well indexed and
labeled (each fiche contained an eye-legible headi-ig which included a
brief description of 'ts content), and were a ranged numerically.
Student comments regarding the value of operat ng instructions and the
format des- ription were not available.

Viewer Preferences. The students were asked to state which of
the two viewers (home or classroom) they preferred to use in accom-
plishing the two basic types of study tasks: reading and notetaking.
Responses to these questions ere not analyzed to make evaluative or
comparative judgements of the particular readers -_sed in this study but
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rather to identif-- the machine characteristics which positi - ly or neg-
ativ-ly effect student attitudes toward and use of microforms.

For reading purpoos, 25 of the 34 students (74%) pref rred to
use the home viewer. Eighteen of these 25 students cited a more uni-
form, constant focus which required fewer adiustment: as the basis for
their choice. Three students said that the single image was less con-
fusing or distr ting than the doubl- L__.age used in the classroom and
the remainii_g students cited small size and ease of handling. Seren of
the 9 students who preferred the cl- ssroom reader said that being able
to view two images at the same time was the main factor influencing
their choice. The other tw-:-, students liked the more uniform stribu-
tion of illumination.

Similar reader preferences were stl,ted for notetaking purposes:
23 students (68%) preferred the home viewer, 10 (29%) pr-ferred the
classroom viewer and one student had no preference. Again, the pri-
mary influencing factor was the b-tter focus mainten _nce of the home
viewer. Several students also cited the smaller size of the viewer
which left _ -r_ room for notetaking, the smoother operating fiche
carriage mechanism, and the fact that the home viewer was closer to
eye-le- -1 and allowed the students to get closer to the screen. One-
hund ed percent of those who prefer ed the cTassroom viewer cited its
dual frame presentation capability.

Student Criticisms and Recommendatons . Students were asked
in the post-class questionnaire to identify possible deficiencies in the
reader-fiche systems used in this study and to make recommendations
for their improvement. Students identified four main problem areas
rega :ding the viewers used in the classroom.

1. The most common complaint was the difficulty in -tain-
hard focus on the viewer screeri..:withou t. constant adjustments this

7
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being especially true while scanning but also occurring in normal fru
t_ -frame operation. It is essential that hard, uniform focus be main-4
tair in the operation of the viewer.

2. ii-he size and bulk of the classroom ewer caused pr_blems
for several students. The reader left too little of the work surface for
notetaking and tended to block the students' view of the instructor.
Students recommended a smaller, more portable reader an& or a
coordinated viewer-desk configuration with the viewer recessed to a
more horizontal position,

3. Students complained of not being able to hear all that was
said due to the fan noise when all readers in the room were on. It was
especially diffic,At to hear the comments oi other students who were
facing the front of the room. Difficulty heari g the, instructor was
compounded by not being able to e his hos move due to the problem
mentioned in ntunber 2 above.

4. Another, although less serious pr-blem with the classroom
viewers as Lhe uneven distribution of illumination. There was a
tendency for the corners to be slightly di -mer than the rest of the
screen presentation.

Students were less critical of the physical characteristics -f
the viewer used in their residences. Their responses z,re summarized
in the following descriptions.

1. A common complaint with the home viewer stems from an
Air Force regulat on which stat s that all valuable objects in barracks
must be stored in the lockers when not in use. The students found it
bothersome to remove the reader from the locker, set it up, plug it in,
insert the fiche, etc., each ti e they went to study. This resulted in
a reluctance _o use the vie er unless large segments of time were
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available, wher he training manu.1 in hardcopy form could be picked

up and used convenieitly e ever the student had a few minutes of
f ee time.

2. U e of the home viewer restrIcted extended study to the
location of the viewer. Students recommended a smaller, more port-
able viewer, perhaps battery operated, which could be easily carried
by t e students t_ wherever they wished to study.

3. Students recommended that the "bright spot" and the fan

noise with the home viewer be reduced to minimize '24-ip,ue with

extended study.

Two additional consideratIons which apply to the fiche concept

itself rather than to the equipment used, should also be mentioned. As
mentioned -.a Her, the use of the COSATI standard reduction ratio

necessitat d usi g 13 fiche to present the entire 185 page training
n -alai. This made it difficult for _tudent (both in class and during
home study) to quickly and conveniently refer to material located on

another fiche. When students w nted to refer to material covered
earlier, they were required to remove one fiche and insert another,
especially during review Then this was done several tirnes

Students also recommended that paragraphs and sentences

not be interrupted at the end of a fiche. Even though this occurred on

only two fiche it was sufficiently irritating to be mentioned by several
students. This type of interruption akes it extremely difficult to

ma --tain a thought while i-aking the transition to the next fiche.
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CONCLUSIONS AND RECOMMENDATIONS

The research project desc lo_d in this report was executed in

a manner consistent with achieving the p__ ary objective of tl e larger
research program of which it is one part: The identification of some
of the innovative capabilities of microforn s for presenti .g instructional
materials and the development and evaluatic n of microforms for use
as primary source materials in Air Force technical training programs.
It was an explo atory study conducted to identify the advantages and
disadva tages of micr forms used to pre ent instructional mater'ils
in the classroom. The introduction of the microfori system into the
training environment was examinee as it affected the instructor, th
student, and the supervi ory pers( nnel. Various difficulties or di sad-
vantages of the particular microform systems used in the study ere
encountered in each of these three areas, as might be anticipated
because of the unique nature of the experi ent The crucial point is
however, that the feasibil ty of classroom instruction through the
microform medium has been clearly demonstrated and the concept of
utilizing the unique characteristics of the microform to facilitate ins-
tructional communication has been operationalized.

The participating instructors agreed that there were two impor-
tant disadvantages to the use of microforms in the classroom. BoLh

were related to the physical characteristics of the vie er selected for
classroom use. First, the size a d bulk of the viewer made itdifficult
for the instructor to maintain visual contact with students as a method
of obtaining fe_dback from them, and the viewer geometry interf red
with the effective use of v sual aids. Second, the combined fan noise,
when all readers were in use, made it difficult to hear all that was
said i the classroom.
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These t -o disadvantages also effected the students in the class-
rooni o_ course. In addition, students had difficulty maintaining a
hard, uniform focus on the viewer screen without frequent adjustment.
Students also complained about the "hot spot which resulted from the
uneven dist-ibution of screen illu- ination peculiar to presently avail-
able film viewers, but the primary disadvantage of microform use to
the student was the inconvenience involved in using the horne viewing
system. Students were required to store the viewer when it was not
in use and found it bothersome to r -ove the viewer from the wail
locker, set it up, plug it in, and insert the fiche, each time they wished
to study. Use of the home vi6 er also restricted extended study co the
barracks. In spite of these disadvantages, however, the students were
sufficiently motivated to complete the required readings and meet
course requirements.

Administrative problems which required resolution prior to
the introduction of additional equipment into the training environment
included the provision and scheduling of facilities to be used in conjunc-
tion with the equipment, and the delivery, retrieval and storage of the
equipment itself.

The problems and disadvantages of microform use encountered
in this study indIcate a need for the development of microform reading
equipment designed specifically for instructional applications. All of
the problems described above could be resolved or minimized through
equipment improvement. A personal reader which combines portabil-
ity with sturdy constructio-_ adequate focus maintenance and uniform
illuminatIon characteristics is recommended for t_--aining applications.
This "personal" viewer would have several advantages in addition to
eliminating the size and fan noise problems encountered in the classroom
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itself. First, its portability would free-the students from being
restricted to the location of the viewers. Second, it would simplify
room provision and scheduling since the equipment would not remain
in the room when not In use. Finally, it would reduce storage re uire-
me ts and simplify the reader delivery and retrieval procedu e. In

other words, a pe -sonal viewer has ad antages for the instructor, the
student-user, and the administrator.

Actually, there are two options here: a viewer for borne use
and a viewer tor classr_om use. If instructional microfor__ use
should beco e pervasive in training, each trainee would be issued a

reader at the beginning of his resident t aining. This rt:ader would
become part of his equipment compliment just as he has a desk, lamp,
and locker. The classroom would be outfitted with permanent reader-
work stations. In this manner, the syst m achieves the necessary
flexibility and ob -iates transport and setup diff culties. While this
equipment is not commercially available at this time, it is a funct on
of studies like the one reported here to specify new require ents in
order to advance the state-of-the-art.

Improvements in the viewing equipment itself would allow
educational and training institutions to take better advantage of the
unique flexibilities and capabilities of the microform technology for
presenting instructional materials. This study emphasized the flexi
bility of microforms in the classroom by demonstrating that they could
be used effectively by instructors who varied widely in teaching approach
and technique. It also demonstrated that the serial presentation found
in hardcopy materials could be improved upon using microforms.

While only one fiche format was utilized in this experiment it
is clear that important simplification in the film presentation could be
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achieved by using a higher reduction ratio in preparing the filr-
material. If, for instance, a 42X reduction rat- o were employed
(instead of 20X), compuuer generated text becomes practical, fewer
fiche would be required, and more flexibility in format is promised.
That the innovative format e _ployed in this study was accepted and
used effectively by the students and instructors is an indication that
microforms have an, as yet, unexploited value in addition to their use
as a hard_opy substitute. It is this potential for adding value to instruc-

ti nal materials which makes microform an i portant educational

technology of the future.



www.manaraa.com

VII. BIBLIO RAFJFIY

Baldwin, T. S. and Bailey, L. J. "Readability of Technical Trai ingMaterials Presemed on Microfiche versu 3 Offset Copy."
Journal ofLA_Ealie'ziPsycholligi, Vol. 55, No. 1, 1971 (Feb.)37-41,

enstette, 3. P. "An Investigation of the Characteristics of Ultra-fiche and its Application to Colleges and Universities. " DM,University of Denver, Denver, Colorado, August 1969. (U.S.Office of Education, Bureau of Research, Contract OEC-08-
080826-4648 (095)).

Grausnick, R. R. and Kottenstette, J. P. "A Performance Evaluati-Microfiche versus Hardcopy." AFHRL-TR-71-420 Lowry AFBColorado: Technical Training DiviSion, Air Force Human
Resources Laboratory, May 1971.

6 8



www.manaraa.com

Unclassified
Security Classification

- ---------------,-- -- .. ,-.
(Security c sification body e abstract and indexiag anne(atien muNt be en

RIGINATING ACTIvITY (Corpora r

University of Denver
Denver Research Institute
University Park, Denver CO 80210

h n the overal port Is , 1 td)
. REPORT SECuRITY CLASsIFICATION

b GROUP

REPORT TIT

MICROFORM USE IN A TECHNICAL TRAINING ENVIRONMENT AN EXPERIMENT

4 DESCRIPTIVE NOTES (Type of report and inclusive dal
Final Report (July 1970 to July 1971)

5. Au THOR (S) (First name, middle InitIal. Iasi name
Robert R. Grausnick
Ardta S. West
James P. Kottenstette
REPORT DATE

ay 197)
7 . TOTAL NO. OF A ES

6
7b NO_ oF ReFs

. CONTRACT OR GRANT NO-

F41609-70-C-0040
b. PROJECT NO. 1121

c. T sk No. 112101

d. Work Unit No. 112101009

9a.ORIGiNATO5 REP RT NU ER(S)

AFHRI-TR-71 43

b. 0THER REPORT NO(5) (Any other numbers that may hea.eIgnedthis report)

0. DISTRIBUTION STATEMENT

Approved for public release; distribution untiniitzel.

ii. SuPP ENTAR f NOTES 12. SPONSORING MILITARy ACTIVITY

Technical Training Division
Air Force Human Resources Laboratory
Lowry AFB CO 80230

, . AssTRACT

This phase of the research in technical trainLig microform applications explores the comparative advantages
and disadvantages of microform in classroom training applications. A 30-hour instructional sequence entitled, "Basic
Computer Operation" was selected from an on-going course at the 3750th Technical Training School, Sheppard AirForce Base, Wichita Falls, Texas. A two-stage fihning procedure was used to convert the training manuO used in the
instructional sequence to an innovative microform format in both positive and negative film polarities. The major
result of this comparative analysis is that Mr Force trainees can and did use the microform systems effectively and
intensively over a one-week period. No significant performance decrements were encountered in the experimental
classes. This study also examines a number of important considerations involved in utilizing microforrns for training
purposes, including the impact of microform use on instructional routine, administrativelogistics considerations,endstudent study habits. A personal reader is recommended for its positive values in classroom use, student residence
use, and logistics. The significant accomplishments of this study were the demonstration of the feasibility of themicroform medium for classroom instruction and the development of an effective, innovative format which utilizesthe unique presentation characteristics of microform to facilitate Mstructional communication.

,

FORM 1 A 73
1 NoV 68 8 mni I T1 ceifipri

Security Classiftca on



www.manaraa.com

Unclassified
Security Classification

Technical Training
Microforn: systems
student attitudes
fatigue characteristics

80
Unclassified
Security Classification



www.manaraa.com


