
Ax
) 6

1
7

 6
 0

¾
 

j-TR-65-79 

AN EXAMINATION OF THE FEASIBILITY OF MODULAR 

DESIGN FOR AUDIOVISUAL AUTOINSTRUCTIONAL 
EQUIPMENT 

• 

.., . à 

WILLIAM H TROW £ ^ 

GRAFLEX, INC. ± C C 

c Tc 
EDGAR A. SMITH. EdD '1 £ f 

AEROSPACE MEDICAI, RESEARCH LABORATORIES 

MAY 1965 

BEHAVIORAL SCIENCES LABORATORY 
AEROSPACE MEDICAL RESEARCH LABORATORIES 

AEROSPACE MEDICAL DIVISION 
AIR FORCE SYSTEMS COMMAND 

WRK;HT-PATTERSON AIR FORCE BASE, OHIO 

Ä* my 



NOTICES 

When US Government drawings, specifications, or other data are used for any 
purpose other than a definitely related Government procurement operation, the 
Government thereby incurs no responsibility nor any obligation whatsoever, 
and the fact that the Government may have formulated, furnished, or in any 
way supplied the said drawings, specifications, or other data, is not to be 
regarded by implication or otherwise, as in any manner licensing the holder 
or any other person or corporation, or conveying any rights or permission to 
manufacture, use, or sell any patented invention that may in any way be 
related thereto. 

Requests for copies of this report should be directed to either of the addressees 
listed below, as applicable: 

Federal Government agencies and their contractors registered 
with Defense Documentation Center (DDC): 

DDC 
Cameron Station 
Alexandria, Virginia 22314 

Non-DDC users (stock quantities are available for sale from): 

Chief, Input Section 
Clearinghouse for Federal Scientific & Technical Information (CFSTI) 
Sills Building 
5285 Port Royal Road 
Springfield, Virginia 22151 

Change of Address 

Organizations and individuals receiving reports via the Aerospace Medical 
Research Laboratories automatic mailing lists should submit the addressograph 
plate stamp on the report envelope or refer to the code number when corre¬ 
sponding about change of address or cancellation. 

Do not return this copy. Retain or destroy. 

800 - June 1965 - 448-47-1001 



AN EXAMINATION OF THE FEASIBILITY OF MODULAR 
DESIGN FOR AUDIOVISUAL AUTOINSTRUCTIONAL 

EQUIPMENT 

WILLIAM H. TROW 
EDGAR A. SMITH, EdD 



FOREWORD 

This study was initiated by the Behavioral Sciences Laboratory of the Aerospace Medical Research 
Laboratories, Aerospace Med ial Division, Wright-Patterson Air Force Base, Ohio. The research 
was conducted in part by Grailex, Inc., Rochester, New York 14603, under Contract No. AF33 
(657)-11339. Mr. William H. Trow, Project Engineer, was the principal investigator for Graflex, 
Inc. Dr. Edgar A. Smith of the Technical Training Branch, Training Research Division was the 
technical monitor. The research reported herein was begun in May, 1963 and was completed in 
March, 1964. The work was in support of Project 1710, "Training, Personnel and Psychological 
Stress Aspects of Bioastronautics, " Task 171007 "Automated Training and Programed Instruction. " 
Dr. Gordon A. Eckstrand was the Project Scientist, and Dr. Ross L. Morgan was the Task Scien¬ 
tist. 

The authors extend their thanks to Mr. Christopher L. Faegre of the Programed Learning Depart¬ 
ment, Graflex, Inc., for his valuable assistance in detailing programed teaming methods. They 
also thank Dr. Gordon A. Eckstrand and Dr. Ross L. Morgan for their review of and comments up¬ 
on the manuscripts leading to this report. 

This technical report has been reviewed and is approved. 

WALTERE. GRETHER, PhD 
Technical Director 
Behavioral Sciences Laboratory 

U 



ABSTRACT 

applications ^ 
Each specific situation requires a certain mmbinafi aï“ifmfnt to meet varying demands. 
lions which can«* neceZ^U, he“nu^ul ^‘ó, elM,ronic ^ 
ther in the costly acquisition of manv Himiia ( ^ usages of the equipment. This results ei- 

the ™tnictionaH^u“rt¿triX ^¿LP TtL0^U‘,,n'en‘i<>r “«’“‘«»le rcslclcUon, in 
Of application for aodiovlhuaUutoi^“roctto^-eo^L eXlSU"g ^ p0‘en,iil 
development of new equipment. Each module Proposes a modular approach in the 
interchangeable in the system * The omnoned ha |d e"^°fy a separable major function and would be 
module, (2) a fUmstripnmduIe ? m0dUle8 WOUld (1) a slide-changer 
ules, (5) an audio recort and piayïïcî mSuL of light source mod- 
i-*juice response module, and (8) a write in re«rJnL ^ Pulsing modules, (7) a multiple- 
ttonal altenutives or n,^m Jlon for^clilT^.rt“1'- . 01 woaU lU™ <>Pe~- luuuicauon lor specialized applications for maximum versatility. 
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SECTION I 

INTRODUCTION 

^ í!1arB’kmany articles ^ve been written and much promotional literature has 
dustr^fJnn^ 1 the, many advant^es of U8i^ audiovisual equipment in military andT 

Partlcular emphasis has been placed on the use of such equipment in the per¬ 
formance of maintenance tasks. However, despite the demonstrated improvement inaccuracy and 

Per'hais one8rtJnn f T °f \eSirnin* time- 1186 of 8^h equipment remains limited, 
haps one reason for the limited use 01 audiovisual equipment is that many of the potential uses 

UndCitTn^n,eTndS 0n ^ Btandard item can meet ^need^ ^d mot users 
ot Hmu d y ÎT"8 6 t0 purchaBe ^ insta11 custom-designed equipment. The same fac- 

ÎoTul ^ctionTsts ^ gÍVen aUdi0ViSUal device; ^erefore, mass production cannot be used 

tüd solSon t,co"ftfuction of audiovisual equipment has been considered as a poten- 
Ini »í10 * Í P^b em oi obtainin« economical multipurpose equipment. The modular concept 
allows the user to select audiovisual components to satisfy his specific, immediate needs, with pro- 

t***™10? anf modlfication as required. The user need not be burdened with ex¬ 
pensive features he cannot utilize simply because only complete units are available to him. 

The modular concept has special promise for research and the development of instructional pro- 

wX’h Vhe rT/trChe.i buUd whatever system he feels is the most suitable 
tion?^h J!e W,0U d the freedom to experiment with alternate modes of presenta¬ 
tion and varioim methods of response. When the program is finalized, only the modules showing the 

^ic^r sitlf tion would be acquired in quantity. It is highly probable that 
Seï For pSmnfr 0 ufn lnstructlonal program would be different from that used 
later. For example, it might be desirable to use slides during development but filmstrip after the 
program is finalized. Also, much of the data gathering and recording equipment required during 

compS^pr^™^104 0nly be 8uperfluous but actuaUy detrimental during latter applications of The 

This study explores the implications of modular design on audiovisual auto instructional equipment. 
This will be accomplished in two phases, each developed within a section of this report. Section O 
will expiore some of the functional requirements of audiovisual autoinstructional devices in terms 
of their utilization as (a) performance aids, <b) instructional aids, and (c) research vehicles. Sec¬ 
tion in considers the application of modular design concepts to obtain these functional requirements 
and presents a general description of a system of modules. A final section provides some conclu¬ 
sions drawn from the study. These may be summarized as indicating that a modular system would 
provide greater flexibility of equipment. While offering greater utilization potential, modulizatlon 
also offers major economies. The combination could provide considerable impetus to expansion in 
the application of autoinstructional training techniques. 
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SECTION n 

FUNCTIONAL REQUIREMENTS 

functions. mTI^ â^lÎ^aüœifl1 where^autoinstructiorui^audio 7ech^llca1' °Ptical ^ electronic 
the quite staqdaXd Procedure/lÛto e^ert eú.^ t?'"“,™'" ^ ^ ^ 
training. Thts aec.ion covera three major areas Ôr^nTlrâ^ ‘i'f ,0iresearcho" learning and 
tional aide, and (c) research and devlpmem M Performance aide, (b) Inetruc- 

^Ltn^etSS^Ân^r^ïT1 yet convenient It Is 
ment can be neatly dlchotoTÄ t“„r“2 ^ 
have some of the characteristics oi both. Hn3L L categories. Virtually all applications 

aider the functional characteristics Sa^dioviluL an/n^T868’ “ ^ C0nvenient t° con- 

In many ^plications, the aid U ^e^^ tL ä^Ce“ °eth tl!,e COndltl°“ 
if the task is repeated at all. Success is measmwi tn * °r each time the task is accomplished 
cations will be relerred to as performa^IX completion of the task. Such appli- 

ünÜ^y^siccëeTls mei'ur^'rfeZ^^;^ ““ ^ 11 ^ "« >* required con- 
referred to as Instructional aids. The directions'^!? " /PPUcsUon* of this type will be 
performance aid If the tricycle were a rhristma« ^ssemblin8 a tricycle would be considered a 

While some learning urnktSly occirt^ is s^^0''^- “.‘T* « 
would be an instructional aid to th» ^ r17* MoweVPr» 0,6 sa«»« instruction sheet 

tricycles. The learning and retention ï^lred ¿ÍSÂ^SiTm^e^^ ^ 
lions may be more Important than the rate or suer««« nf . ^ subsequent repeti- 

accompiished on a replica that may enhance learning but never 

tr^proceM^r^r^jdSg tec^quss'm^the^pnsllmlrwjy'dmretopiTieih o^tiTüiüng^rogrã^.^* 

PERFORMANCE AIDS 

fc.riX ^oïuc,h'ZÎ?e^“^î,Sll‘r'.rqU?reT,ÏÏ performance aids 1. to 
the field of Individualized audiovisual devices lor°me ^ ot 111,1 "“l“' ventures Into 
Maintenance Laboratorv Ai r77» o , 88 Performance aids was conducted at the 

Base, Colorad^ WhilTs^rS ^ ^ CeTntei' 
Viewer (Handy-Dandy) is particularly relevant here DayU*I,t Sound FH 
to 200 feet of contlmius-toop ,T^ ^ '"“«“toes storing up 
all required threadlmr The devir» inri..HJiÍm‘ Inßert!ng the maKazine or cartridge accomplished 
The projector t» P^hto individutd vlew!^. 

Of the fUm. The device was develotid to nro^riínlíl 7 Viewer or by ^°101168 on the edge 
demonstration of the assembly of several with “ movle 
imitated the demon,tr“ irby ^^mbT^Ä/“^?1 ^ 8lol>-lr*ni®s view«! while the tnün« 

production of this misaUe, especiallv the electiiî7l^üLP7Lf^ operaiions involved in the 
into possible ways of providing accurate and flexible Hughes to look 
bly operators. Adopting a method alreadv d»v»ion»s h se74y instructions to the individual assem- 

poratton which was then a division of Genertd PrsÂ Âe^íí? “Ä™ »totT 
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Ing basically of a slide projector and a tape recorder. This equipment was set up at each work sta¬ 
tion. It was placed on the bench in front of the assembly operator, approximately at arm's length 
from him. The operator would listen through earphones to a verbal description of a single step in 
the assembly procedure while viewing a rear-projected color slide of that operation being performed. 

After the operator had carried out those instructions, to the accompaniment of background music, a 
recorded signal on the tape actuated the slide changer. The next step would then be presented in the 
same manner. The entire cycle was repeated as each new subassembly was built. After some ex¬ 
perience in the use of this method of instruction, it was decided that the fixed time allowed for each 
operation (machine pacing) was not necessarily beneficial. The equipment was modified to permit 
the recorded signal to stop the tape at the end of each step (block of information). When the opera¬ 
tion was completed, the operator depressed a footswitch which changed the slide and restarted the 
tape. 

This mode of operation is commonly referred to as the "demand" or "student-paced" mode, in con¬ 
trast to the "timed, " " machined-paced" or simply "paced" mode. Both modes of operation are in 
current use and should be available in a versatile system, (ref 1. ) 

FUNCTIONAL REQUIREMENTS 

When procedures are subject to frequent change, the pictorial material may be presented on 2" x 2" 
(35mm) slides which can be replaced easily or rearranged in sequence in the slide tray. In an ap¬ 
plication of this type, use of fixed sequence filmstrips would be a costly inconvenience. Magnetic 
tape, being erasable and reuseable, allows similar flexibility in recording the audio portion; where¬ 
as an embossed phonograph disc or belt would not. Conversely, if the developed program were sta¬ 
ble and if hundreds of copies of it were required, filmstrip and discs might be both more economi¬ 
cal and more convenient. 

Lighting leads to another major requirement, tt is generally undesirable, if not impossible, to 
darken a work area sufficiently to provide adequate screen brightness with front projection, ie, with 
the projector on the same side of the screen as the viewer. As an additional problem with this ar¬ 
rangement, the viewer tends to obstruct the picture, or the projector interferes with the workspace 
of the viewer. For these reasons, projection from behind a translucent screen, usually referred to 
as rear-projection, has advantages. Combining the projector and screen into a single unit has ad¬ 
ditional advantages. 

Performance aids are especially useful when complex work must be performed on an intermittent 
schedule. Under such circumstances, even experienced operators or maintenance personnel need 
guidance on the procedure. For maximum worker efficiency and minimum learning time, the equip¬ 
ment should be fully automatic except for a footswitch to control the timing. The operator should 
not be obliged to put aside tools or parts during the program to actuate anything on the control panel. 
Nor should the equipment allow the picture and taped message to get out of synchronization during 
normal sequencing of the program. 

To meet the parameters described, the basic functions required for audiovisual performance aids 
are defined as follows: 

(a) a rear-projection device 
(b) remote-control slide changing capability 
(c) a tape playback unit 
(d) added circuitry for synchronized sequencing 
(e) provision for recycling slide tray and tape 
(f) auxiliary recording and photographic equipment 

DETERRENTS TO EXPANDED USE 

There seem to be three principal barriers which have been a deterrent to the more widespread use 
of this type of equipment: 
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la^e „u„,£i „1 Srrent ^ ‘n'r0lVed ta 8UP[11^ vere^ Mvlduahzed equipment to a 

INSTRUCTIONAL AIDS 

the on-the^b^rttor^ce^f 1k th<: cl^8?°m» rather ^ an aid to 
means lor responding. The response forms faU into t™ * take 0,n further function of providing a 
and constructed rinses. Tte c^mmon^L^o™.8^.“*6*0^“' Selected 
en in parentheses) are eatior^te^w: ^ ^ ^ means ior responding giv- 

(1) Selected response 

(a) True-False (two pushbuttons) 
(b) Multiple Choice (three or more pushbuttons) 

(2) Constructed response 

(a) Written (pencil and paper) 
(b) Spoken (recorded on tape) 
(c) Manual (performance with objects) 
( ) Typewritten (Air a-numeric keyboard with computer) 

SELECTED RESPONSE 

ta grading lenta ota 

live programmé, by SldTy L. Pre*“ ÿï “ mectanl2ed adjunc- 

CONSTRUCTED RESPONSE - WRITTEN 

1.x Ä^rÄSl XXrX^ot1» m0dera =:r Äxrv"1 ^ -XÄxr1 
forming) a re.ponee correctly; mai Immediately seeing Xg’Äta' X5? °r 

»IdSfta raSIcaUy tttaídf “ ^ p,wrtdta» * roU paper 
wer on the printed p^ram ta^veïïeS As the correTans- 
parent shield to prevent the changing of m incorrect resoorae ¡° a P°«ltlon under a trans- 
that it may be compared with ttecoirect «XT "“1,0“0• S ta vle*. ^wever, so 

CONSTRUCTED RESPONSE - SPOKEN 

Another form of constructed 
response 1. the spoken response as typified b, the language laboratory. 

5 



Here the vocalized response is recorded on tape and played back for aural comparison with an ex¬ 
ample or model. Many variations on this basic equipment concept have been tried successfully. In 
several Installations, a student's progress can be monitored or his questions answered from a con¬ 
trol center adjacent to the classroom. 

The merging of filmed materials with language laboratory materials into integrated programs has 
potentialities that have barely begun to be realized. A very fitting application for such programs 
would be in combined language and culture training for personnel being readied for overseas duty. 
This would include military personnel, Peace Corpsmen and civilian technicians. Students could 
learn not only the basic foreign language but the expressions, gestures, cultural practices and ta¬ 
boos. The use of video tape to provide immediate visual and aural feedback is particularly prom¬ 
ising at this time. 

CONSTRUCTED RESPONSE - MANUAL 

Manual responses, by our present definition, cover a variety of situations, the requirement being 
that equipment must be provided which requires specific overt responses, ie, performing actual 
activities as distinct from the vicarious experience of reading and/or writing verbal material. 

As an illustrative, though not unique example, at the 3320 Retraining Group, Amarillo Air Force 
Base, Texas, audiovisual equipment is being utilized on an experimental basis in teaching the use o 
vacuum tube voltmeters. As in the performance aid applications described previously, the student 
is shown slides portraying the successive steps to be performed to the accompaniment °i a ^ped 
narrative of each operation. Of crucial importance for present consideration is that he is furnished 
with an actual meter exactly like the one pictured and a series of electronic components. He uses 
the meter, in an individual laboratory situation, to determine whether or not each component pos¬ 
sesses the prescribed resistance within accepted limits of tolerance or whether it is defective and 
in need of replacement. At Lackland Air Force Base, Folley et 3 -ref 2. employed individual 
audiovisual devices for instruction on a manipulative task, the disassembly and assembly of the car¬ 
bine. Each student was given step-by-step instruction while manipulating actual weapons. 

These situations differ from those described previously as involving performance aids in that these 
instructional aids are used to contribute to learning. This being the case, factors such as transfer 
and retention become major considerations. The performance aids, by contrast, are at times re- 
ferrred to as nonlearning aids in that they enable the performance of a task without requiring the 
learning of sequences and details that have no relevance outside of that particular activity or situ¬ 

ation. 

Other, more sophisticated, devices react or adapt to the response. A recent commercial develop¬ 
ment applied to a recreational pastime, indicates the extent of potential applications in kinesthetic 
training and, more particularly, the alteration of responses to produce effects more closely ap- 
nroximatine the desired effects ( shaping of behaviour). This device, a simulated golf course, sets 
up a stimulus (a view of a golf course) and then reacts to the response ( a golf ¾ 
random access oroiection. Viewing the projected scene of a fairway from the tee stimulates the in 
door golfer to hit the ball into the flexible projection screen. The resulting bulge in the screen is 
detected by a network of photoelectric cells, and the time interval between the two impacts is meas¬ 
ured. The resulting data, describing the velocity and direction of the ball, are fed into a small 
comouter which calculates the expected range and then selects, by random access, the scene mos 

the new ¿oeitlon nn the fairway. Thin procedure u, repeated over the en- 
tire s^mulated^olf course. Provision has even been made for overshooting the green by including 

rearward facing scenes. 

CONSTRUCTED RESPONSE - TYPEWRITTEN 

The most sophisticated form of generalized (nonspecialized) response is a typewriter keyboard. 
ïSLmeüiÂ been pursued not to provide a typewritten response per se, but rather to perm t 

automatic evaluation or scoring of a written response and, in ^e o^Se-ï^uÜe 
nuises to the device. In this heuristic programming context, feedback refers to the on-the-spot use 
onncorrecTresi^esto modify the sequence of the program, that is, to control the selection of the 
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device,'TuS’i0 acompPú“eyrd' TÍeCaíd'f^/rvIsbullPmaVtedridaiby ' ,;r|?^an, ‘n 8°me SOrt lot!lc 
ceas das is. Sveis et a. have described such a “ rand°m aC- 

criterla ^rÄ byÄ' P^X'tem^èarc'Âuâ 

Some degree of feedback is required in anv Dro^ram wh»r0 
medial steps or to "skip ahead. " Such program^ are referr^i tn™^ r°UtfS are provided for re* 
Their principal proponent has been Norman A rrnLn f [ d * ^ ^ranching" or "intrinsic. " 
ing concept is the "scrambled book" where the stíS ¡óes the?, 81mPle em*?odiment oi ^ branch- 
cess searching himself. student does the response evaluation and random ac- 

8B¿rria0Xh„^ -dtPd. equipment, heybcard re- 

Moore suggest that preachool-a^e chluieTc^TtaM f; H7e.Ver' by O. K. 
before ihey are old enough to manipúlale a pencil Thhftií, tyPewrlte a"d compose stories 

computer-equipped schoolrooms for the teachi^ of rn^y subS?" y SP“Clai keyb<li‘''d- 

RESEARCH AND DEVELOPMENT APPLICATIONS 

the performanceaSTanrm™:rdrare“dbuTÂ^f^eÂ 

(a) data-collecting (scorekeeping) capability 
(b) flexibility for experimental manipulation 
(cj augmented performance requirements. 

The probability that a training course will be of onHmum n 

which it has been validated. Program va idatmnfnih^ íÍ TfTT, CreaaeS With the extent to 
of responses obtained in actual ^e. includes repeated study, on an item-by-item basis, 

capability of mockii^ up^/con^binaüon ofThc^funcîiorï^ Tht primary concern is the 
be subject to frequent modification or int^ra^ “ïï. 

tions. For example! periormance oi some of these func- 
tween pictures may have to be variable but w>ru nearîy lnstantaneous, or the time interval be- 
frequent demand for high speed random access^or us^in f c°ntrolled* Probably there will be more 
materials but for the audio messages as well. training research, not only for the visual 

SYNCHRONIZATION AND RANDOM ACCESS 

The maintenance of synchronization between the visual anw ^ * 
dom access creates a sizeable problem The *dl the audio frames witb high-speed, ran- 
the slide change or filmstrip advance is' not easily adínt^Mn^h1 3 recorded si«nal to trigger 

%Zh~r f i"n the äuLraid%ÄLtodif 8^TulTHde ' dev", ^ Gray Manufacturing Company, Hartford Conn is an ^he Audioelide, developed by the 
the center of a large slide (approximately^ inches sauaTei?n raf1Sparency 18 mounted in 
The audio signal can be both recort?^ played bvTe^ nî » f fpiral groove 18 ^bossed. 
Revere Camera Co., Chicago, Dl., and K^art Co revolving cartridge in the projector, 
with the audio and visual material physically ioined' Thp if1, ’ also provide equipment 
waukee, Wis., provides an interest sy^ em with’coLiri^Tnd °f America’ Mil' 
sociated parallel tape channels. At present nonl nf^L ^ remedial material keyed to as- 
lecting the slides. P 8ent’ n0ne oi these machines provide random access for se- 

:^db * “¿vrs T r ^a ^ .y.- «« epeaier, would be to key the channel selector mechanically to the frame 
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or slide selector. Such a mechanism was developed at Graflex Inc., Rochester, N. Y., early in 
1963. The number of parallel tape channels that can be accommodated in one machine is relatively 
limited. Selection of any specified frame on a long filmstrip by entering the frame number on a 
desk calculator type of keyboard has been accomplished in the Behavioral Sciences Laboratory at 
Wright Patterson Air Force Base, based largely on equipment developed by U. S. Industries, Goleta, 
Calif. It is conceivable that a similar method could be used to select any specified block of audio 
information on a tape moving at high speed by counting sustained (long duration) signals. 

Although the specialized capabilities described in this section are, for the most part, outside the 
scope of this study, they have been mentioned to illustrate the degree of flexibility which may b.; re¬ 
quired of the research equipment system. 

RESPONSE EVALUATION AND FEEDBACK 

At the present time, multiple-choice and keyboard-computer responses can be processed automati¬ 
cally. Recent developments in machine recognition of written symbols and speech sound waveforms 
are promising. The advent of computer controlled cathode ray tubes offers intriguing possibilities 
for the very near future. However, written or spoken responses, for practical purposes, are gen¬ 
erally processed at the present with human assistance. The response is self-scored on a subjective 
basis. Another alternative, not requiring exotic equipment, is a written or spoken response fol¬ 
lowed by a confirming multiple-choice response. This input (if correct) can be used to advance the 
program or (if incorrect) to present remedial branches. It can also be recorded on a counter, mag¬ 
netic tape, punched cards or the like to compile error rate data automatically for program evalu¬ 
ation. An arrangement similar to this has been devised by a British firm, Associated Electrical 
Industries. Two buttons, labelled "correct" and "?" either proceed with the program or present 
remedial information not directed at any specific response. This results in simpler mechanics and 
simpler programming, (ref 4. ) 

On the other hand, the programmer may wish to increase the complexity of his program by requir¬ 
ing two or more correct responses to a given stimulus. This would allow him greater freedom in 
the use of remedial branches. If the response panel had n pushbuttons, then the use of all possible 
combinations would provide up to 2n - 1 different responses. For example, if 1 = yes and 0 = no, 
and the first and third of four statements were the correct ones, then the pushbutton input would be 
"1010. " The control function must be able to discriminate the pattern of this binary input and, ac¬ 
cording to a predetermined program, select the proper feedback. 
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SECTION m 

MODULIZATION 

From a review oí the various functions served by audiovisual equipment, it is clear that require¬ 
ments to be fulf illed by a piece of autoinstructional equipment may vary in type or complexity from 
time to time. Especially in the area of program development for specialized skills is the complex¬ 
ity apt to be great and the equipment subject to frequent and drastic modification. A survey of 
available equipment would indicate that no available device can fulfill all functions, nor can compo¬ 
nents be interchanged among a few devices to satisfy a larger variety of purposes. 

Many instructional program developers have found that their equipment, some of it quite expensive, 
that has sr tisfactorily served its originally intended purpose, has become obsolete when additional re¬ 
quirements are placed on it. Or, perhaps, the requirements of one setup may have been simpli¬ 
fied, so that a major function representing a large percentage of the cost of the equipment, is no 
longer required. It frequently happens that when a program is under development, much elaborate 
timing and recording apparatus is required that is neither required nor desired in later classroom 
or on-the-job use. 

For individualized audiovisual equipment, a very attractive possibility is to develop a number of in¬ 
terchangeable packages, or modules, each embodying a single major function. These modules 
could be designed and constructed to permit their being combined into various configurations. The 
program developer may build up whatever system he feels is the most suitable for each application. 
He would have the freedom to experiment with various configurations to attain the maximum effec¬ 
tiveness of his program. When the program is finalized, only the modules necessary to meet the 
specific training situation would be acquired in quantity. 

The remainder of this report is devoted to a discussion of some of the considerations that enter in¬ 
to the modulization of various separable functions and some of the characteristics of the modules 
comprising one basic system. 

MODULIZATION OF*VEUAL DEPLAY 

We shall first nvestigate the feasibility of separating the visual display functions into two or more 
modules. The basic functional areas with which we are concerned are as follows: 

(a) Rear-projection screen, with mirror(s) and enclosure, or screen box. 
(b) Projection lens 
(c) Film transport mechanisms for various film formats 
(d) Light source, including lamp and condensing system 
ie) Blower for cooling. 

A determination must be made as to which of these functional areas should be combined into a sin¬ 
gle moduli and which should remain separate. To do this, one must first estimate the extent to 
which the various alternatives might be used in major applications. We shall assume b at the basic 
system would be designed for individual use and, hence, would have the smallest screen. A larger 
screen for group instruction would be the exceptional requirement, carrying along with it the need 
for a more powerful light source and blower. This will be discussed in greater detail later. 

Closely tied to this major usage consideration is the desirability of designing with a potentiality for 
maximum versatility. 

The visual display equipment should be designed to accommodate both slide and filmstrip modules 
(ref 5). Further, it should be possible to project either moving pictures or still pictures on the 



same screen by Interchanging the projection mechanisms. However, the ultimate in versatility 
would be to be able to switch from one visual medium to another instantaneously by remote control. 
To accomplish this, the projection mechanisms must be spatially arranged to permit simultaneous 
operation, each feeding into a common, unobstructed light path. Yet it is also desirable, for sim¬ 
pler setups, that the still projection module form a compact and unified configuration with the 
screen module. To arrive at a completely satisfactory arrangement for every possible combination 
of the modules while keeping costs within reason is difficult. Such an accomplishment would un¬ 
doubtedly require a certain amount of compromise in compactnes! and appearance. 

It will be assumed for the present that a motion picture module would consist of any of several com¬ 
mercially available projectors equipped with an appropriate projection lens. Due to the special¬ 
ized lamp requirements of motion picture projectors (ref 6) and also the greater complexity of their 
film handling mechanisms, only the still projection functions will be subject to modular treatment. 
The question now arises whether the film transport module should have both slide and filmstrip 
mechanisms built in, or whether separate modules should be provided for each. Although most 
still projectors designed for classroom use are convertible from filmstrip to slide operation by the 
interchanging of manual film transport mechanisms, the fact that autoinstrvctional applications al¬ 
most invariably require remote control motorized operation indicates that each basic mechanism 
should be self-contained. Also, the possible substitution of more complex mechanisms such as 
random access capability, and the fact that the two film formats require different projection lenses 
in a rear-projection application, as will be shown in following paragraphs, add to the argument that 
the slide and filmstrip mechanisms should be designed as separate modules. The film transport 
modules are discussed further elsewhere in this section. 

EQUALIZATION OF PICTURE SIZE 

When accommodating various sizes of film format with a screen of a given size, it is desirable to 
have the picture fill the screen, or nearly so. For interchangeability, it is also desirable to main¬ 
tain approximately the same projection distance to the screen. These two requirements can only 
be met by matching the focal length of the projection lens to the film frame size. Thus a set of pro¬ 
jection lenses must be selected, preferably having standard focal lengths so as to make use of ex¬ 
isting lens designs. All members of the set must project about the same picture size at a common 
projection distance. The wider the field coverage requireo of a projection lens, the more difficult 
and expensive it becomes to cover the maximum frame size without darkened corners. Hence, for 
any film format there is a practical low limit on focal length. 

Table I lists two sets of lenses, designated A and B, which are presently available and would be 
suitable for compact configurations. Also shown are a few moving picture projection lenses which 
might be used, depending on the selected light path configuration. We have, for purposes of com¬ 
parison, selected an 8-inch square í creen as standard for individual instruction. Set A, using the 
shortest standard focal lengths available and practicable, gives a film to screen distance of about 
16 inches, which would provide a very compact design. Set B, using the next higher increment of 
focal lengths, results in a distance of around 22 inches, which would require more folding of the 
light path for compactness. 

In any case, it can be seen that, for fully modulized visual display equipment, the projection lens 
must be regarded as part of the film transport module. As an alternative, the use of a zoom lens 
might be practicable under certain circumstances. However, it would have to be justified on the 
basis of a combination module and the acceptability of higher unit cost, not only for the more ex¬ 
pensive lens system and zoom mechanism, but also for the zoom control. Furthermore, corner 
resolution of a low-cosi zoom lens design would probably fall below the requirements of this appli¬ 

cation. 
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TABLE I 

PROJECTION LENSES SUITABLE POR COMPACT DESIGNS 

(Dimensions in inches unless otherwise indicated) 

Set Format 
Frame 
width 

Focal 
length 

Film-to-screen 
distance * 

Picture 
width ** 

Picture 
height 

A, 35mm slide 
35mm strip 

1.344 
.906 

2.0 
1.5 

16.25 
15.6 

8.0 
7.5 

5.4 
5. 63 

B. 35mm slide 
35mm strip 

1.344 
.906 

3.0 
2.0 

22.6 
21.95 

7.2 
8.0 

4.85 
6.0 

16mm movie .380 .625 
.750 

1.0 

14.4 
17.3 
23.0 

8. U 
8.0 
8.0 

6.0 
6.0 
6.0 

8'nm movie .172 0.5 
15mm 

24.2 
28.4 

8.0 
8.0 

6.0 
6.0 

* To make optimum use of illumination from the common light source module, the position of the 
single-frame filmstrip was moved forward on the light cone 0. 65 incn from the double-frame 
slide position. This difference shows up in the film-to-screen distances. 

The film-to-screen distances for 8-inch picture width were calculated by simultaneous solution 
of the simple lens formula xx’ = f2 and the magnification formula h/h' = (x+f)/(x' + f). These 
quantities are defined in the following diagram: 

Fhe picture widths less than 8 inches were calculated in reverse from the film-to-screen dis¬ 
tances which were determined as stated in the preceding footnote. 
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THE SCREEN BOX MODULE 

An important difference between front and rear projection Is that the image is reversed right for 
left. Correcting this by reversing the slides or filmstrips is generally inconvenient. Reversing 
most movie film is impossible. Thus it is preferable to accomplish this correction by using an odd 
number of mirrors. 

The positioning of auxilliary projection systems, such as a moving picture projector, is most con¬ 
venient if the entire optical axis is horizontal. Based on the conventional placement of controls on 
standard projection equipment, the logical arrangement would be to use a one-mirror system with 
the projector to the left of the screen box. (See Fig 1. ) The projector and screen box modules 
would then have interface openings which would coincide when the modules are attached. With this 
arrangement the projector could be used alone for front projection, and the screen box could be used 
with any auxiliiaiV projector. 

Some applications require motion sequences interspersed in a slide or filmstrip presentation. The 
separate projection systems could be made available interchangeably on one screen in either of two 
ways. One is to mount the large 45° mirror rotatably so as to clear the path for projection from a 
smaller 45° mirror at the back of the screen box, for example as shown in figure 1 (D). (Note that 
the rotatable mirror -mist be swung so as to face away from the straight-through light path to avoid 
grazing incidence reflections at the edge of the screen. ) This method virtually requires a manual 
shifting operation, if the expense of a drive motor and a clamping mechanism is not justifiable. 
These problems can be avoided by going to the alternative method of using a fixed partial mi *ror, 
or beam splitter. The disadvantage here, however, is the loss of light by reflection when using the 
transmitted beam and by transmission when using the reflected beam. However, if one of the pro¬ 
jection systems can supply abundant lumen output, the losses of the other system can be minimized 
by using a reflectance-transmittance ratio of, say, 70 to 30 instead of 50 to 50. 

The arrangement illustrated in figure 1(D) indicates that a basic screen box module could be pro¬ 
vided with a removable panel at the rear of the box which could be replaced by a small mirror ex¬ 
tension for specialized use with a second projector. 

Two additional features which might be provided in the screen box module will be described in a 
later section. These are the "answer mask" and the "photoelectric code detector. " 

Finally, for the instruction of groups of various sizes, rather than individuals, larger screen boxes 
must be substituted for the 8-inch screen box. The maximum audience size that can view a given 
screen satisfactorily can be calculated from recommended values of distance and off-axis angle 
(ref 6). Using tbotie values and an area of six square feet per person, an audience of P=6W2 per¬ 
sons (where W equals screen width in feet) is possible with rear projection in a normally lighted 
room. By contrast, for front projection in a semidarkened room, P=2.2W2 is recommended. (The 
derivation of these formulae is given in the Appendix. ) Table O shows the audience that can be ac¬ 
commodated if the screen width is successively doubled. Of course, it may be advisable to select 
some intermediate size as the best compromise for common class sizes. 

TABLE fl 

AUDIENCE SIZE (P) VS SCREEN WIDTH (W) 

Screen Width Rear projection 

P = 6W2 

Front projection 

P = 2.2W2 inches feet 

8 
16 
32 
64 

2/3 
1- 1/3 
2- 2/3 
5-1/3 

3 
10 
42 

170 

2 
4 

15 
62 

(Note: Large screens are subject to limitations of light output and film resolution. ) 
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FRONT VIEW 

A. SYSTEM MADE UP OF LIGHT SOURCE, 

FILMSTRIP AND SCREEN BOX MODULES. 

FRONT VIEW 

C. SCREEN BOX MODULE USED WITH 

SAWYER'S ROTOMATIC PROJECTOR 

( 2" LENS AND BASE ADDED). 

B. SAME AS A, EXCEPT WITH 

AIREQUIPT SLIDE CHANGER. 

D. SAME AS B, EXCEPT WITH SWINGING 

MIRROR AND EXTENSION FOR INTERMIX 

WITH 16MM MOVIE PROJECTOR. 

FIG. 1. SUGGESTED MODULIZATION OF VC UAL DEPLAY 
(Sections Through Cases Indicated By Heavy Unes. All Views 1/8 Scale. ) 
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THE LIGHT SOURCE MODULE 

There are two environmental variables which strongly affect the brightness requirements of the vis¬ 
ual display. 

(a) audience size - a larger audience necessitates more screen area, as shown in table II. 
The required lumen output of the light source increases directly with the square of the screen width, 
assuming equally efficient condensing systems. 

(b) ambient light level - this can be expected to vary at least tenfold from one situation 
to another, and likewise affects the required lumen output (ref 6). 

To accommodate these independent variables, provision should be made to allow for the substitution 
of more powerful light sources for the basic low-wattage unit. Since the base-to-filament dimen¬ 
sion of high-wattage lamps is greater than that of low-wattage lamps, the vertical position of the 
socket must differ for each source, yet the precise relationship between the lamp and the condenser 
system must be maintained. For these reasons, it appears advisable to design a family of complete 
light source modules, separable from both the film transport and screen box modules. Each mem¬ 
ber of this family could be designed so as to supply power to the film transport module through a 
case- mounted plug and socket. 

The higher wattage modules would require higher capacity blowers for adequate cooling. Converse¬ 
ly, low-wattage lamps (100 watts or less) can be convection-cooled without the aid of a blower. 

If a smaller still-picture format should come into common use in audiovisual materials, such as the 
8mm or 16mm filmstrip, the integration of the light source with this film module would probably be 
the best choice. In this case, a lamp with an internal condensing reflector, such as the Sylvania 
Tru-Elector, which is now commonly used in both 8mm and 16mm projectors, could be mounted in 
more precise relationship to the film gate in an integrated module. 

Finally, three design considerations should be mentioned with regard to the light source module; 

(a) The condensing lens system should be specifically designed to be compatible with the 
short focal length projection lenses in order to achieve optimum efficiency. 

(b) The modular construction is especially well suited for employing a very efficient cool¬ 
ing system. This would consist of an impeller which exhausts the air directly from around the lamp. 
With an enclosed box, the air intake can be restricted to the front aperture, thus drawing cool air in 
from the film gate area toward the lamp. The alternative is to force air at the film which is neces¬ 
sary with high-wattage motion picture projectors, but may allow heat to accumulate in the lamp- 
house. 

(c) It is desirable to increase the rated lamp life beyond the usual 25 hours when the 
equipment is to be used several hours every day. This can be done either by reducing the operating 
voltige or, preferably, by using a lamp at normal voltage that is designed to operate at a higher 
voltage. In either case, the light output is reduced and reddened. For example, the rated life of 
both a 115-volt lamp operating at 106 volts and a 125-volt lamp operating at 115 volts will be in¬ 
creased 300¾ while the lumen output will be reduced by only 25%. 

THE FILM TRANSPORT MODULES 

It should be emphasized at this point that the anticipated use of these modular equipment systems 
differs from normal classroom use, where slides and filmstrips may often be intermixed from one 
showing to the next. For the broad autoinstructional field envisioned here, the use of slides and 
filmstrips would be more distinct. We can summarize from Section II that slides are and will con¬ 
tinue to be used almost exclusively in research, in program development, and in low quantity or 
flexible programs in any area. Conversely, filmstrips are and will continue to be employed pri¬ 
marily for ’'publisbed*1 classroom programs and training courses (ref 5). (Random access filmstrip 
usage is not included in this discussion. ) This distinction results from the fact that quantity repro¬ 
duction costs of filmstrips are lower and also from their compact, one-piece nature. 
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The design of a transport module for filmstrips would be fairly straightforward, inasmuch as the 
motor-actuated advance mechanism could be adapted from current designs. Possible modifications 
might include the addition of remote reverse operation or provision for handling a continuous loop 
of filmstrip for repetitive applications. The latter modification would necessitate side-loading capa¬ 
bility, as well as some sort of support for the loop. In any case, the film gate should be designed 
to pass film splices without catching. Another possible modification might be provision for half- 
frame (or quater-frame) indexing of the filmstrip in the gate to suit the format of the program 
frames, as will be discussed later. Of course, manual operation should also be provided. 

The module for 2 x 2 (35mm) slides could make use of any commercial automatic slide changer 
mechanism that is dimensionally feasible. However, one important restriction is that for the com¬ 
pact arrangement under consideration, any slide magazine (or tray) longer than the commonly used 
Airequipt design (about 5-3/4 inches) would run into the screen module. (The Airequipt magazine 
is limited to a capacity of 36 cardboard-mounted slides, ) Also there is the problem occuring in in¬ 
dustrial production applications of recycling the linear travel of the magazine if it is not easily ac¬ 
cessible to the operator. Both of the above problems would be solved by using a circular magazine, 
such as the Kodak Carousel®(Eastman Kodak Co., Rochester, N. Y. ) or the Sawyer’s Rototray 
(Sawyer’s Inc., Portland, Öre. ), even though this type takes up considerably more s'orage space 
than a straight tray. (For a comparison of cost and storage space per slide of various slide trays, 
see Table HI. ) The circular magazine would also lend itself to a more sophisticated random access 
module. The Sawyer’s Rotomatic changer has the further advantage of accommodating several 
types of straight trays, as well as a stack changer for loose slides. 

TABLE m 

COST AND STORAGE SPACE PER SLIDE FOR VARIOUS SLIDE TRAYS 

Type Capacity 
^ /slide 
(retail) 

cu. in./slide 
(as boxed) 

Airequipt 
Kodak Carousel 
Sawyer's Rototray 
Sawyer’s Easy-Edit 

36 
80 

100 
36 

6.2 
3.7 
3.0 
4.0 

0. 95 
2.5 
2.1 
1.3 

MODULIZATION OF AUDIO FUNCTIONS 

As with the visual display functions, it may be feasible to separate some of the audio functions into 
modules. However, the separability of audio functions, as we shall see, is not so much for the ac¬ 
commodation of interchangeable media or of various sized audiences as it is for the attainment of 
specialized and more complicated systems. The problem will be to define a basic audio sub-system, 
complete in itself for common usage, but which will accept add-on modules for more complex sys¬ 
tems. The complete audio sub-system must provide three fundamental functions, namely, program 
recording, program playback and automatic sequencing control. Before taking up the electronics of 
modular audio systems, we should review the various audio recording media. 

AUDIO MEDIA 

There are currently three recording processes in common audiovisual use. The playback of these 
recording processes all involve relative motion between (a) a record material carrying variations, 
In the direction of motion, of one of its physical properties, and (b) a detector of these variations. 
The relative motion causes a voltage to be generated In the detector. (The recording process itself 
is roughly the reverse operation. ) The three processes (with the material, the nature of the vari¬ 
ations, and the detector) are as follows: 
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(a) Phonographic (a groove embossed in plastic with transverse ripples causing vibra¬ 
tions in a tracking stylus) 

(b) Magnetic (variations in field strength of a magnetized material passing an extremely 
narrow gap between two pole pieces) 

(c) Optical (variations in density or clear area of photographic film passing a narrow il¬ 
luminated slit over a photoelectric cell). 

There are also three configurations of the recording material in common use: 

(a) Pises (rotated on a turntable, with the detector moving slowly from edge to center) 
(b) Tape or film (transferred from reel to reel past the detector) 
(c) Belts (turned on parallel rollers with the detector usually moving slowly from edge 

to edge). 

Of the nine possible audio media resulting from combinations of any one process ami any config¬ 
uration, six have been used extensively. Examples of commercial equipment using these media 
are given in table IV, 

As stated previously, the choice between the phonographic (or optical) process and the magnetic 
process, like the choice between filmstrips and slides, is primarily a matter of the need for revi¬ 
sion of the program and the cost factor, based on the quantity of reproductions involved in the par¬ 
ticular application. There are several other important considerations which might indicate, in 
some cases, that some medium other than the usual magnetic tape would be the most feasible. 

TABLE IV 

EQUIPMENT USING VARIOUS AUDIO MEDIA 

MATERIAL CONFIGURATION 

Disc Tape or Film Belt 

Phono¬ 
graphic 

8 
w 

Om 

2 

Magnetic 

Optical 

All Phonographs Edison 
(3Qm) Gray (20™, lh) 
Soundscriber (15, 30m) 
Gray Audioslide 

Telefunken (10m) Con¬ 
cord Magnedisc Revere 
Soundslide 

Not Used 

Not Used 

All Tape Recorders 8MM 
and 10MM Sound Movies 
Edison, Dictaphone, and 
Others (40™ To 1®) 

16MM & 35MM Sound 
Movies 
Kalart Filmstrip (18s) 

Dictaphone (15, 30m) 

IBM (14m) 
Nord (15m) 
Stenocord (8, 12m) 
Victor Comptometer 
TTÎmJ 

Not Used 

NOTE: Dictating machines are underlined . 
Maximum playing times in parentheses, (ref 7. ) 

PHONOGRAPH DECS AND BELTS 

For high quantity audiovisual applications the familiar pressed phonograph record is employed, us¬ 
ually in combination with filmstrips, primarily because of its durability and the great availability of 
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record players. In the area of dictating machines a smaller thmn«»- ¡u» 

lTertor^w\r^ea'èd p‘XmaÄ^ à“" T 
ponae, II could be said that JrTcasonibly gial repí^ducton ot musl'f 

S: "LrfoT^'^mïïrriiat1“'18 roug“;50 to ^ 
Äd eThtf mUSt ^ CU*- ^ " -4Tse 

MAGNETIC TAPE, BELTS AND DISCS 

med^a^and *vice‘vers^ The^uÄl^^ medÍa ^ the ^411^68 ^ ^ magnetic 
it is common practice to erase and re-recCd with th^68 not .detenorate with repeated playing, and 
playing time, magnetic ta^s ^re e^WeUd bulS^n vT^T* H°JeVer> f°r e(lulvalent 
belts also have shorter piaving t mes t£nThpfr s nyI dÍ8CS- Ma«ne,ic discs and 
cording track. The greLt .id^nÏÏe countueri,iirts becaus^ of the wider re- 
visual applications is the tart ltau^ or nTn 1 ' h °,Ver other audlu medla ior ““V audio- 
lowi^ the use of inaudible stop-and-gó signals or o^r^Z mSon^ simuUa"d‘>usl>'. 

There are at least six different ways that magnetic tape can be handled, depending on the degree of 
convenience and repeatability desired: * B 

(a) Two separate reels - the standard tape recorder and dictating machine method. 

so t Cb)1,°,ie-reel pulI"out cartr*dge - developed early for commercial tapes to reduce the 
danger of spilling. 

Wooldrid1,iCTLTWOpn.?eIhCartrAdge * cur,rent df^rns hy RCA and Bell Sound Division, Thompson 
ooldndge Lnc., Columbus, O., who also make the tape decks to operate these cartridges 

hnth „„„ jf} stack-changer cartridge - designed for automatic changing, recently deveioo-d bv 
both KRS Electronics, Palo Alto, Calif., and Revere-Woilensak DivTsi^n, 3Mc“, St Pam Minn. 

(f) Random storage - a reel-less cartridge in which the tape folds freelv back and forth 
in random fashion; still in experimental stages. y * d ÍOrth 

l^mm PÍníire fÍlm ‘S to taP* -an be used where 8mm or 
T v e contro111^ Program medium. A recent proposal by M. A KeTiU S 

uZ raagnetlC reC°"^ to be 

Âc!^l®cóXrltfZm»i:,ZPUt,ll0n 0Í VKi7«netlc “at"« uacd oh mylar Up. to 
tho„„i , t .. 1 ? ' ^hich ln t"™ evolved from the early Dictaphone wax evlinders Al~ 

gh their playing time is shorter than that of the phonographic belts the magnetic holt« ran h*. 
reuse many times even after being pressed flat, the creases having little effect on playback auali 

L ^°Jr!lCWl\rtternS ar,P0S8ible: (a) helicaJ- for continuous play of the enure Seft L in 
aXÄi^dCprvL¾.(b, Paralle1’ ÍOr 8h0rt Perl0d mUltÍ- cha-l operatÄhtS^ex- 

To complete our survey of audio media we shall mention three other products making use of two of 
these media. The first is the Concord©Ma«nedisc, (Concord Electronics Corp lloT Zeles 
Calif. ) a magnetic disc with a spiral groove molded into it for the purpose of tiacki^j tWarrów 
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pole pieces of the magnetic head, which is mounted in a conventional tone arm. The machine can 
be converted to standard phonograph operation by merely replacing the magnetic head with a plug¬ 
in phono cartridge. The magnetic disc (without a groove) is also used in the Revere Sound Slide, 
(Revere Camera Co., Chicago, Ill. ) a counterpart of the Gray Audioslide. 

The third product is the Kalart Soundstrip projector (Kalart Co., Inc., Plainville, Conn. ) which 
scans, line by line, an optical sound track contained on alternate frames of the filmstrip. The 
rotating scanner covers a full double frame of sound in 18 seconds. As with other optical sound 
films, large quantity reproduction is required for economic justification. 

Thus we see after examining several audio media, each of which has certain advantages in appro¬ 
priate applications, the most versatile medium for the low quantity programing applications with 
which we are primarily concerned here is magnetic tape. Further discussion will be in terms of 
tape, although in many cases other media may be substituted. 

PROGRAM SEQUENCING 

In addition to recording and playing back the audio portion of a program, an audio module should 
provide automatic sequencing by means of signals. This is the control function of the system and 
may involve any of several operations: 

(a) Stop audio - must be restarted manually or by some other input. 

(b) Film advance - changes frame of visual display in continuous operation. 

(c) Repeat - on manual command, returns to the signal at the beginning of a block of in¬ 
formation for replay without film advance. 

(d) Timed stop - delay of the audio message a predetermined number of seconds, followed 
by automatic restart. 

(e) Multiple choice response coding - pre-recorded signals set up correct response num¬ 
ber, against which student response is compared. 

(f) Switching to alternate visual media - for example, shutting off a slide projector and 
turning on a moving picture projector. 

(g) Independent control of stop audio and film advance - if several pictures accompany 
one audio message, or if several tape stops are required with one picture. 

SIGNALING METHODS 

The first signaling method used in audiovisual systems was the audible tone, telling the operator to 
advance the film manually or by remote control. Later, an automatic control signal detector was 
developed by Simplex Corp., using a signal frequency of 12 kilocycles per second to be compatible 
with the Cinemascope equipment for which it was being developed. A similar 10 kcps system was 
later used for the Graflex PM tape recorder. The electronics for this method are economical and 
compact, but if an audible "beep" is not wanted, a signal in the audible range should not be used un¬ 
less a second channel is available. This thinking prompted Du Kane Corp. to develop a low frequen¬ 
cy system using 30 cps, which is inaudible. However, when this frequency is used with phonograph 
equipment, a specially designed tone arm is required for maximum reliability. A signaling method 
based on an cld amateur radio device has been used by Pentron Corp. After a certain number of 
seconds of silence on the recording, a time-constant circuit shuts off the machine. 

If two or more functions are to be controlled by signals, a means of differentiating them is neces¬ 
sary. The method used in the Graflex Audio-Graphic, for instance, is by timed pulses of the sig¬ 
nal frequency, in this case 400 cps. Up to nine pulses may be recorded by means of a telephone 
dial and read out by means of a stepping relay. The pulse method has been found to be more econo- 
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mie a I than generating nine different frequencies. However, generating and differentiating only two 
or three frequencies would appear to be more economical than two or three pulses. 

Whatever signaling method is used, synchronization o', audio message with visual display must be 
maintained, regardless of other functions performed by the signals. The choice of signal pattern 
used and their assignment to various interchangeable functions in alternative modular systems can 
only be worked out in detail in a thorough product development study. 

AUDIO MODULEIS 

The first question to be answered regarding the modulization of the audio functions is whether the 
recording function should be separate from or combined with the playback function. Again, the de¬ 
cision must be based on the economics of quantity production. The additional electronic components 
required for recording, exclusive of the microphone, amount to about 50% of the cost of the play¬ 
back components, exclusive of the tape deck. If the majority of applications require relatively few 
playback-only units compared to the number of combination units, the added cost of manufacturing 
small quantities of the playback-only units would probably be greater than il they were all produced 
as combination units. It should be kept in mind that in experimental set-ups especially, it might be 
an inconvenience not to be able to record at a playback station. Of course, the "record" switch 
should have a safety device to prevent accidental erasure. 

FUNCTIONS OF THE BASIC MODULE 

We may also specify in a general way the features to be recommended in a basic tape module for 
autoinstructional applications. 

(a) Tape handling - a two-reel system for reversing capability. Where handling by stu¬ 
dents is involved, a two-reel cartridge of the RCA type would be considered. 

(b) Tape speed - for reasonably good quality of reproduction of background music and to 
avoid difficulties of filtering out an unsteady (wowing) pulse frequency, a tape speed of 3-3/4 inches 
per second. 

(c) Sound heads - for optimum versatility, two-channel quarter-track configuration with 
separate erase heads. 

(d) Controls - the usual play, stop, fast forward and rewind buttons, on-off-volume knob, 
record-playback switch with red panel light and recording level indicator. 

(e) Speaker - for normal operation, a jack for a headset. Contrary to common practice, 
the built-in speaker may be omitted for cost savings and replaced by an optional good quality exter¬ 
nal speaker, attached at the headset jack. 

For most applications anticipated for this equipment, program sequencing signals are a necessity. 
Therefore, it seems logical that the basic audio module should have single-pulse recording and 
read-out capability, as distinguished from coded pulses which can be made to perform several func¬ 
tions without altering the system. A single pulse, however, can be made to perform two (or possi¬ 
bly more) different functions on an either/or basis, i. e., by altering the system by means of a 
multi-contact control switch. The two principal functions are those which differentiate the student- 
paced mode from the machine-paced mode. In machine-paced mode, the pulse closes a relay to 
remotely advance the film. In student-paced mode, the pulse stops the tape drive, to be restarted 
by a footswitch or panel button, which also advances the film. 

Another switching arrangement which would be highly advantageous in some applications would be 
the transfer of audio recording and playback to the second (signal) channel head for audio response 
(language laboratory) use. Perhaps simpler would be playback only of the pre-recorded program on 
the second channel, while retaining the first channel for student recording. It is advisable that all 
Intermodal switching be accomplished by a single multi-position switch so as to avoid any difficul¬ 
ties resulting from incorrect setting of the controls. 
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OPTIONAL FUNCTIONS 

A feature that Is essential on dictation machines is the ability to back up and repeat short passages 
of the audio message. This is also a very desirable feature for instructional equipment, for often 
the meaning cannot be grasped in one hearing, or one's attention may be momentarily diverted. 
However, remote actuation of the rewind drive on a tape deck adds about 20% to the manufacturing 
cost of the deck, or about as much as all the electronic components in a playback unit. Although 
the reversible motor and cam which operate the forward-reverse shift mechanism may be omitted 
and replaced by a knob, a design permitting the addition of this function by the customer would not 
be feasible. Thus, the repeat function cannot be a separate module and would have to be either 
built in or omitted by the manufacturer. 

Actuation of the remote repeat function, if present, would be by means of a dual footswitch or push¬ 
buttons. Ordinarily, the dual footswitch would be used only for stop and start. With the repeat 
function, a momentary tap on the stop pedal can be made to stop the tape mechanism, while sustain¬ 
ed pressure causes rewind for as long as the pedal is depressed, or until a stop signal on the tape 
is reached. The tape can then be restarted by depressing the start pedal, or, at greater expease, 
automatically on release of the repeat pedal. It is important, when rewinding to a stop signal, that 
it be impossible to rewind further into the previous block of information and thus lose synchroni¬ 
zation with the visual display. Also, the start pedal must trigger the film advance only when pro¬ 
gressing to the next block of information and not when restarting alter a repeat. It can be seen 
from the foregoing requirements and restrictions that the switching circuits can become quite com¬ 
plicated in order for the equipment to operate properly under all circumstances. 

Another useful feature which adds cost, since it cannot be modularized but must be either built in or 
omitted, is the tape footage counter. This is an invaluable aid when searching for a specific block 
of information. 

The external control and operating features discussed up to this point are listed below. Those fea¬ 
tures which may be omitted in the basic module are marked with an asterisk. 

Pushbuttons: play 
stop 
fast forward 
rewind 

*sigual record 
} (may be manual control) 

Switches: 

Jacks: 

on - off - volume 
mode (2 or 3 positions) 

♦record - playback 

•for microphone or mixer 1 or headset 
for external speaker J 
for film advance (remote control cable) 

Sockets: for footswitch 
for multiple signal modules (see next section) 

Indicators: *recording level 
♦footage counter 

The approximate relative manufacturing costs attached to each of the major audio module functions 
are Illustrated in the circle graph (fig 2). 

MULTIPLE SIGNAL MODULES 

When two or more simple control functions are to be programed or a complex function, such as 
(d), (e), (f), or (gj listed on page 18 Is to be programed, a means of generating coded pulses and 
a means of differentiating between them (read-out) is required. 
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Fig. 2. Relative Cost of Major Audio Functions 

The cost of the additional electronic and mechanical components for generating these pulses, which 
might make up a pulse-recc rd module, would be roughly twice that of the basic record-play’>ack 
electronics, excluding the tape deck. The same would be true of the read-out module. Obviously, 
the basic unit should not be burdened with these costs. In addition, these two modules would draw 
much more current from the basic module and thereby affect the operating voltage. To accommo¬ 
date this extra load (for only occasional use) would double or triple the cost of the power supply in 
the basic module. Thus, for increased wattage requirements and voltage regulation, an auxiliary 
power supply is needed for multiple signal operation. It would therefore be preferable to omit these 
functions from the basic module and provide them instead as independent modules. These functions, 
packaged separately, would be integrated into the system by means of cables or flush-mounted con¬ 
nectors. 

A complete modulized audio system is illustrated by the block diagram in Fig. 3. The modules 
making up the suggested bas'c system are connected by solid arrows. The remaining modules, con¬ 
nected by dashed arrows, would be optional. 

MODULIZATION OF RESPONSE FUNCTIONS 

Many, perhaps most, applications of audiovisual autoinstructional equipment do not require a res¬ 
ponse module as such. Both the Air Force and the Hughes applications described in Section I are 
examples in which the trainee responds on actual equipment rather than on a response panel. There 
are some situations, however, in which the autoinstructional system would require the inclusion of 
special provisions for responding and for the confirmation of responses. This would be particular¬ 
ly true if programmed instruction techniques were to be utilized. 

In Skinnerian programs, reinforcement of a correct response results from immediate confirmation. 
If the program is of the multiple choice type, confirmation is usually accomplished by the act of 
making a correct response which advances the program to the next stimulus frame. In the case of 
written responses, means must be provided for the student to compare his written response with 
the one desired. In certain applications it may be desirable to use aural confirmation, but gener¬ 
ally the confirmation is presented visually. 

Visual presentation of the answer frame may be accomplished by any of several methods, each hav¬ 
ing certain advantages (A) and disadvantages (D) as listed below: 
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(a) Answer on next frame (slide or filmstrip) - 

A: An unmodified projector can be used. 
A: The program can be rearranged easily (on slides). 
D: Film usage is twice that of other methods. 
D: A second advance actuation is required after the response is compared. 
D: Unless repeated, the stimulus can no longer be seen when the answer appears. 

(b) Answer with next stimulus (slide or filmstrip) - 

A: An unmodified projector can be used. 
A: A second advance actuation is not required. 
D: A program on slides cannot be rearranged without disturbing adjacent frames. 
D: The stimulus is no longer visible. 

(c) Half-frame advance (filmstrip only - the stimulus moves to the top half of the screen 
as the answer appears in the lower half) - 

A: The stimulus remains visible when the answer appears. 
D: A simple modification of the projector is required. 
D: A second advance actuation is required. 
D: The program cannot be rearranged. 

(d) Answer mask (slide or filmstrip - the answer, in a standardized location in the lower 
portion of each stimulus frame, is obscured by a manually or electrically operated mask adjacent 
to the film or the screen) - 

A: The stimulus remains visible when the answer appears. 
A: A program on slides can be rearranged easily. 
D: An additional built-in mechanism is required. 
D: Advance actuation is required after mask actuation. 

If, in a finalized filmstrip program, stimulus retention is mandatory, method (c) appears to be the 
best choice. (It is assumed that all program frames can be fitted into the half-frame format - a 

INPUT OUTPUT 

FIG. 3. SUGGESTED MODULIZATION OF AUDIO FUNCTIONS 
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holes. ) K stimula releniion is not mandatory mettod w0™ld b tr,aiBPor,ed ^ »Prockol 
«ram in the experimental stages not requiring st™S íe entmn ' F°r a sllde 
However, for stimulus retention in a slide program whirh it i’ I" ^ M WOUld be '“‘«lo31«'- 
only method (d) is satisfactory. The extra eoutanmn7rosf „ i, lrla,f'<’rr<'d directly lo filmstrips, 
tance of these conditions. ^ P 1 C0St could Probably be justified by the impor- 

For proper utilization of the answer ma«ik mothrui 4» , ., 
quence of stimulus - answer - next stimulnT 1 W°U d be advisable t0 have the alternating se- 
eration unt'’, the other has been complétée! The wrü¿ ^ enÍ0rCed by lockin« out ea<* «P~ 
switch-closing functions with mutual lock-out- the first niodule would have to have two 
ponse is transported under the tran^narent , withdraw the answer mask as the res- 
the mask and advance the program. ’ and the second* a pushbutton perhaps, to return 

three types^f response^oduLs?1”6 °f ^ n,°re Speciflc characteristics that would be desirable in 

THE BASIC MULTIPLE-CHOICE MODULE 

gram and Ztcites^rror!0"6^ the pr°- 

prece<^^^se^ion,b Uiis^^i^orniaUon can be°set* uiTiif'a^11^80^ S^na^ caP*t>ility, as described in the 
relay. The output of the module either or^Lm ZL ^ mem0ry deVice> 8uch ^ a stePP‘nß 
or not the student's response agrees with the position of"the step™^"rt^yi0"’ dependS 0n whethcr 

gram slide or f il ms Lnp ^ rame ein círry lhe fî!®**1 SÍgnaJ caPabilíty. pro- 
graphed in specific positions at the sidS or bottom of^arhf' Bnfht or dark 8P°ts can be Photo- 
and their position detected photoelectricity. The codii¿ S/s^mÜ“^/1’0111 viewon ^screen) 
response input, causes the filmstrip to advance to nrÍ?LÍ * ^ P***™*, »n conjunction with the 
to the "main line”, depending on JcorrÃ of S^e respole™"1^1 ^ °r * Skip ^ 

function, being pírimariíyVjr tïe^u^LTf^r^aS v^S^ ÍOr err°r tabulation- This sory module. P ^ program validation, might best be treated as an acces- 

THE BASIC WRITTEN RESPONSE MODULE 

The basic requirements of a written response module are as follows: 

inexpensive/ ^ rfplacement* easy to install and 
tion, most response tapes are disposed of soon after use. se requirements- Except during valida- 

(b) The writing aperture should not be more than about Va inch m t. . 
use of paper. However, for flexibility in program^ certin subiortt o ^ ° avold exce8sive 
crease the aperture height when resnonsps ^ , " subjects. it should be possible to in- 
caxe, the réponse "" °! Wr,lta« °r ske,che3- >" ^ 
response is revealed. ’ ly under tbe transparent shield before the correct 

right- and ^ ^ ■“* 0"^ 
to desk-top level and tilted up slightly. Addition^ ?' * he area should be cloee 
be moved about freely, being conneeted to other modules^, „fmore^í Í ete^rlc ^ 

might e-uJUStüTÂ^S lm‘mc^^rLWc“„%u“,hí'ar!C 
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s: zz Tr ztä xbmZir;,ir»ói,M,rmcLhri?1 z - *—> ^ — 
ate a remote switch fur advancing the program In ^ C°Uld bt> Used t0 actu* 
would replace the footswitch, ^ P og m. In the case of an audio-only program, this control 

vanee) could actuate tht^ n/iVwuhdn^wal^d^060^! 0p,10n’ the nianual lnPut (response tape ad- 
mask withdrawal, could bTprov!ded Cr l button’ ‘native except kfter 
response, discussed in section II ran P ^ dm adva"ce- Multiple-choice follow-up of a written 
described here. " Cdn be accom»>odated by the combined use of the two modules 

AUDIO RESPONSE 

des"‘bed ^ roper, 
of th» program. Thr value ofVocZ ZK „tZa“^* ?'J“" visual 
rourie material It would allow the urouran mer tZt l”'11" cllcd t,r''v'ouslV- For other 
might be more advaotageous than the usual written or mulUplfctolcZeaX?" ^ 

Th“" Ch“"e‘ — -cussed, 
sist of a standard headset - a mRroohSe sZinia r The reSpOIliie module its^ would con- 
the audio module could be by means of the microphone^ C°m'eCÜOn wl,h 
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SECTION IV 

SUMMARY AND CONCLUSIONS 

This report is intended to contribute to the development of modular audiovisual instructional sys¬ 
tems. Primary attention has been given to equipment for individual instruction and secondary at¬ 
tention to adaptation of this equipment for group use. 

An audio-visual autoinstructional system involves a light source, transport mechanism, projection 
lenses, screens, audio system(s), control and sequencing unit, and unit(s) to accept student res¬ 
ponses. At the present time, these elements cannot, as a rule, be interchanged among systems 
designed to meet rather specific requirements. If an autoinstructional system could be assembled 
from basic modules, it might be possible to fulfill many requirements by different configurations of 
the same modules. This would allow greater flexibility than presently possible. Such greater flex¬ 
ibility would be especially valuable in conducting research, developing instructional programs, and 
providing for highly specialized individual instruction. 

It is perhaps true that modular construction would make any one system more expensive than the 
equivalent integrated design, primarily because of the individual case construction and attachment 
devices. Likewise, modular construction generally would not allow as much compactness. How¬ 
ever, the flexibility gained with modulization in many cases allows a considerably smaller total ex¬ 
penditure for multiple applications. The modular design would appear to lead to more system capa¬ 
bility per dollar cost than is presently possible. 

The modular design of autoinstructional equipment seems feasible. The design of a specific set of 
modules would have to be based on a more detailed design study with special attention to the speci¬ 
fic functions to be fulfilled, product criteria such as size, weight and other economic and produc¬ 
tion factors. Many decisions must be made in the course of a design study as to which, if any, of 
various alternatives represents the best compromise between use value and cost. However, the 
general outlines of a basic system are clear. The complete modular system must be designed to 
attain: 

(1) the greatest convenience and lowest cost for the most commonly used setups, and 

(2) the accommodation of less commonly used accessory modules. Some of these might 
be of such infrequent application as to be manufactured only on special order. 

The modules from which any one of several systems may be built up could be as follows: 

(1) SLIDE MODULE - An automatic 35mm slide changer, preferably of a type which 
would permit the construction of special models featuring remote answer mask actuation and ran¬ 
dom access selection. The basic module would include an appropriate projection lens, means for 
manual operation and a connector for remote actuation. 

(2) FILMSTRIP MODULE - An automatic 35mm filmstrip transport mechanism, conver¬ 
tible from single-frame to half-frame advance, and designed for use with cartridge-loaded film¬ 
strips. A special model might be developed featuring high-®p?ed random access selection. This 
basic module would likewise include an appropriate projection lens, means for manual operation and 
a connector for remote actuation. 

(3) SCREEN MODULE - A rear-projection screen of sufficient size for individual use 
mounted, along with a single mirror, in a box which could be positively attached to either the Slide 
Module or the Filmstrip Module. Provision would be made for the addition of a small-mirror ex¬ 
tension {and replacement of the large mirror with a beam-splitter or swinging mirror) for auxil- 
liary moving picture input. Provision would also be made for the addition of a photoelectric code 
detector compatible, if possible, with an existing coding system. This module could be replaced by 
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larger modules suitable for group or lecture room Instruction. 

(4) LIGHT SOURCE MODULE - A light source, consisting of a lamp, condenser lenses, 
heat filter and blower (if required), with a lumen output suitable for use with the individual-size 
Screen Module in a normally lighted room. This module could be positively attached to, and would 
supply power to, either the Slide or Filmstrip Module. It could also be replaced by a more power¬ 
ful source for use with larger screens. 

(5) AUDIO MODULE - A two-channel tape recorder-playback unit (less speaker) using 
twin reels or an RCA-type cartridge, and having ihe capability of recording and reading out single¬ 
pulse signals. Provision would be made for omitting the recording feature for playback only use, 
and also for adding a remote reverse mechanism. Manual controls for fast forward and rewind 
would be present. This module would include connectors for these accessories: microphone oraux- 
illiary input mixer; footswitch or remote cord; headphones or external speaker; cable for remote 
actuation of film advance. In addition, the pulse record and readout circuits could be interrupted 
by the insertion of connectors from the Pulsing Modules. 

(6) PULSING MODULES - Accessory modules for generating and reading out multiple- 
pulse codes for scoring, timing, stopping of tape, etc. These modules would require a supplemen¬ 
tary power supply and voltage regulator. 

(7) MULTIPLE-CHOICE - A four-button unit which compares the student response with 
the answer set up in a simple memory device within the module by either coded audio pulses or 
photoelectric input. Correct responses would actuate program advance, while incorrect responses 
would be indicated by an error light. Provision would be made for the attachment of an accessory 
error tabulating device. 

(8) WRITE-IN MODULE - A paper roll advance mechanism of low contour and comfort¬ 
able for writing. Manual input, such as a knob, would advance the written response under a trans¬ 
parent shield and then actuate answer mask withdrawal. A pushbutton for program advance would 
ihen be operable. 

In the execution of the production design of these modules, the usual characteristics of high-quality 
product design should be present: 

(1) Durable construction, for snipment as well as hard use. 

(2) Reliable operation with minimum need for servicing. 

(3) Compact and attractive design. 

(4) Minimal controls around screen to avoid distraction. 

(5) Quiet operation. 

(6) Convenient for system setup and maintenance, including trouble-shooting and lamp 
replacement. 
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APPENDIX 

AUDIENCE SIZE (P) VS SCREEN WIDTH (W) 

Using D 
max 

\nin 
B 

r 
B 

max 

nun 
Assume 6 sq. ft./person 

10W (rear) or 5. 5W (front) 

2W 2W 

7.5W 5.5W 

1.5W 2W 

P * T ‘ T (T Bmax Dmax ‘ X Bml„ Dml„ ) “ IT V™* ' 3*2) 

Fqr Rear Projection, P = ^ (7. 5 x 10W2 - i. 5 x 2W2) = 6W2 

For Front Projection, P = (5. 5 x 5.5W2 - 2 x 2W2) = 2.2W2 

NOTE: The 2.2 value for front projection is in agreement with the table of audience capacity given 
in the Audio-Visual Equipment Directory, 1964, p. 322 (ref 8). 
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