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1. This report describes the development of an experimental 
aircraft recognition training program for personnel manning forward 
area air defense weapons. 

2. Presented with 16 aircraft on training slides, subjects of 
the course achieved 957. correct recognition after 16 training sessions. 
When presented with a different and degraded set of slide images, the 
subjects achieved 617. correct recognition, indicating that their 
recognition skill was generalized to an image condition other than the 
training slides. It was concluded that the prototype program was both 
effective and usable; several ways in which the program may be improved 
and refined are discussed in the report. 

3. Modified portions of the prototype training method are being 
incorporated into Army Field Manual 44-30 (on visual aircraft recog¬ 
nition) . 

4. The findings of this report are expected to be of interest 
to those involved in training and operations for aircraft recognition, 
and, more generally, perceptual and research aspects of image recognition. 
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FOREWORD 

During recent years, interest in visual aircraft recognition has been revived 
by the development of a variety of forward area air defense weapons systems. 
This report describes the techniques used in and the results obtained from the 
application of an initial prototype classroom method of training aircraft recognition. 

This developmental effort was conducted by the Human Resources Research 
Office under Sub-Unit I of Work Unit STAR. Further work under Sub-Unit I will 
be concerned with developing a more efficient and flexible training concept. 
Subsequent Sub-Units will be concerned with aircraft recognition performance 
in the field, simulation of field conditions, and the selection of optimum recog¬ 
nition features for aircraft. 

The prototype program described in this report was designed by Dr. John 
A. Cox. The record-keeping procedures were designed by SP 4 Don J. Friel. 
Dr. Paul G. Whitmore analyzed and interpreted the results and wrote the report. 

STAR research, begun in 1965, is being conducted at HumRRO Division 
No. 5 (Air Defense), Fort Bliss, Texas. Dr. Robert D. Baldwin has been 
Director of Research during this period. 

Military support has been provided by the U.S. Army Air Defense Human 
Research Unit and by the Air Defense Center. The Military Chief of the Human 
Research Unit at the time the study was conducted was MAJ A.D. Bell. 

HumRRO research for the Department of the Army is conducted under 
Contract DA 44-188-ARO-2 and Army Project 2J024701A12 01, Training, 
Motivation, Leadership Research. 

Meredith P. Crawford 
Director 

Human Resources Research Office 



SUMMARY AND CONCLUSIONS

Military Problem
Visual recognition of aircraft is a critical skill for the effective use of virtually all exist­

ing and proposed forward area air defense weapons. Several informal contacts with personnel in 
cognizant Army agencies indicated that it was desired that trainees achieve a recogn.'*ion accu­
racy level of from 30% to 99%. A previous pilot study showed that current Army guidelines and 
tractions for aircraft recognition training produced a performonce accuracy of 20% on a degraded 
imogetest. Even when the inadequacies of the test were taken into account, the results strongly 
suggested that this approach to aircraft recognition training yielded unsatisfactory results.

Research Problems
The research effort hod three objectives:

(1) To determine wheth**' aircraft observers can be trained to a 95% level of recognition 
accuracy, and if so, to determ the average training time per aircrait required to reach such 
a level.

(2) To develop a prototype training approach for air defense units having a requirement 
for visual aircraft recognition.

(3) To gain direct experience with the conduct of aircraft recognition training as a 
basis from which to develop improved second-generation training methods and materials.

The traditional method of aircraft recognition training was ccmsidered unsatisfactory for the 
following reasons:

(1) ln<xdinate emphasis was placed on short-duration image exposures during training 
and testing.

(2) Inadequate emphasis was given to the necessity of learning to discriminate among 
various aircraft.

(3) The emphasis on selection end use of recognition features during training 
was inconsistent.

(4) The emphasis was on group rather than individual response in recoonition practice.
(5) There was a lack of effective evaluation procedures during training.
(6) The level of student achievement obtained in the previous pilot study was for below 

a demrable level.
The 5-QQ-8 (SLARK »1) 35mm aircraft recognition slide kit currently available to the Army 

was considered unsatisfactory for the following reasons:
(1) A preponderant emphasis was placed on air-to-air rather than ground-to-air views of 

the aircraft.
(2) Distinctive background signatures on many of the slides enabled trainees to lecam to 

identify the slide without necessarily looking at the aircraft image itself.
(3) Nationality insignia wete present on many of the aircraft images.
(4) Different numbers of slides and different views were available for different aircraft.
(5) Image sires varied inconsistently and, for the most part, were too large for training 

recognition at a maximum possible distance.

The Prototype Training Program
A sample of 16 U.S. and Soviet jet fighter/attack aircraft, representative of those which 

arec'jrrently most common, was selected as the content for the prototype training program Slides 
judged to be more suitable for ground-to-air recognition than the 5-QQ-8 kit were available from 
a previous HumRRO pilot study.
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Rationalas
Examinotion oi representative tactical situations suqqested that thore sras no oporatianal 

requirement for observers to recoqnize fleetinq exposures (less thor. one second) of aircroft. 
Furthermore, there was no operational basis at this time for selectinq a minimum exposure cri­
terion within the one- to five second ranqe. The protectors which were available were equipped 
with exposure settinqs oi 5. 8. and 15 seconds. Since the five-second exposure was the shortest, 
it was selected as the exposure to be used during testing.

Slide projections oi aircraft images on generally available screens do not present the some 
perceptual information as do real aircraft in the natural world. It is not possible to match training 
images to real world images. Consequently, it was decided to train for small projected images, 
recognizing that such images could not be interpreted in terms of simulated target-to-observer 
distances in the natural world.

There were certain problems to be considered in determining whether observers should be 
trained to recognize airerdt on the basis oi the whole image or on the basis oi a fractionation oi 
the image (image-analysis) into characteristics of the structural components of the aircraft, that 
is.recognition features. The whole-image approach ottempts to prevent image analysis by using 
image exposures during training of 1,10 to 1/T(X) second. Whether this strategy actually prevents 
image analysis cannot be experimentally determined; brief exposures may only ensure that anal­
ysis proceeds more slowly mid with less certainty over a greater number of exposures. Nor does 
the availcble experimental evidence support the opinion that such brief exposures during training 
produce higher recognition perfoimonce levels than do longer exposures. Because of the uncer- 
tointies involved in the whole-image approach, it was decided to base the prototype troining 
program on teaching recognition features

The Wings Engine-Fuselage-Tail (WEFT) nomenclature system used during World War II 
was not adopted as a basis for specifying recognition teatures for the following reasons:

(1) It does not place emphasis on recognition features that discriminate among the 
aircraft at a distance.

(2) It allows and perhaps encourages trainees to select as reco^iitioa features char­
acteristics that me common to all the aircraft in a program; that is. it does not necessarily lead 
to the selection of characteristics that discriminate among the aircraft.

(3) It uses esoteric aircraft terminology which is not fomilior to most trainees.
Specific recognition features were selected judgmentally for each aircraft in the contest of

all the aircraft in the program by members of the research staff, most of whom hod had previous 
exrerience observing aircroft in flight while participating in field studies conducted as part of 
other reseorch effmts by HumRRO These features were described in words that were considered 
to be familiar to the trainees.

The primary type of learning required for aircraft recognition training was identified as 
discrimination lemning. A simultaneous paired comparison procedure wos selected as the Uoining 
procedure by which to accomplish discrimiiMtion learning. In order to improve the efficiency of 
discrimination lemning. the aircraft were formed into groups on the basis of similmity and paired 
compmisons were made only among those aircroft within a single group.

In order to bridge the differences between the paired comparison conditions and the test 
conditions, single-image practice was considered necessary following discrimination learning 
within each aircraft group. It was also considered necessary to include periodic reviews oi air­
craft in previously learned groups The practice and review octivities were combined and made 
cumulative so as to include all previously lemned aircraft as well as those currently being lemned.

Eight-second exposures were deemed adequate during the emly pmt of training. However, 
it was considered necessary to reduce the exposures to five seconds by the later ports oi training 
in order to match the criterion requirement
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In order to hav« continual iniormation regardinq proqross toward the 9S% avoraq* achievomant 
qoal. it was docidaci to avaluats ochiavomont on all the aircraft in the pro^om at th* snd of each 
traininq sassion. It was further decided that, to prevent trainees from learninq the test, five 
alternate forms rotated in sequence from session to session would he used. To evaluate the 
the qeneralizotion of leominq, it was decided to use different views in tes.inq than in traininq 
And finally, to provide some roimnon hose by which to comp«e the proqram developed in this 
effort with the previous evaluation of the traditional approach, it was decided to administer the 
same type of end-of-traininq test as in that evaluation.

Class proqression from one qroup of aircraft to the nest was hosed on only those test imaqes 
of aircraft in the qroup currently beinq tauqht. A class aveiaqe of 80% was established as the 
criterion for proqression

Any traininq proqram which proqpesses from one portion to another only after the class as 
a whole attains some specified level of achievement is hiqhly dependent upon the slowest learn 
inq trainees in the class. Consequently, provision was mode for remedial traininq procedures 
whose application could be prescribed on the basis of the results obtained from the ochteve-
ment tests.

General Structur* of th« Training Program
The prototype traininq proqram progressed through seven activities:

(1) Goal setting
(2) Aircraft faniliorizotion
(3) Supplemento-y traininq
(4) Paired comparisons
(5) Reco^iition practice and review
(6) Achievement testing
(7) Remediol traininq

Activity 4 and Activity 5 were administered for each qroup of aircraft. Activity 6 was administered 
at the end of each SO-minute session. Activity 7 was administered whenever indicated by the 
results of a preceding achievement test. Activity 3 (supplementary traininq) was undertaken by 
each trainee at his own discretion, when and if he desired

Rasulta
(1) The 95% average achievement level was reached at the end of the 16th session, on 

average of one session per airctali.
(2) The average attained by the class on a transfer test comprised of degraded imaqes 

was 61%. The correlation of .82 (p- .01) between this test and troininq achievement tests indi­
cated that the recognition skill acquired during traininq is not specific to the troininq slides; 
that is, it generalizes to some other image condition.

(3) Trainees consistently maintained the same relotive position in the class from one 
achievement test to another (W^ .77, p-. (X)5).

(4) The silhouette sheets used in the traininq materials proved to be an effective medium 
for aircraft recognition traininq emd greatly facilitated the efficiency of the traininq

Conclusions
(1) The approach to aircraft recognition traininq taken 

appears to be both effective and capable of beinq implemented
in the prototype traininq program

M



(2) The racoqnition skill acquirsd durinq traininq qsnsralizes to other imaqo conditions
(3) A substantial ponioo o< the iaprovonant obtained with the prototype proqrom is ptob- 

oMy due to increase in traininq time as compved with traditional treatments.
(4) There ve a number at ways in which the prototype proqrom can be improved.
(5) The ieasibility oi developinq a proqrom which uses printed rather than slide imoqes 

and a coach-pupil rather than a qroup instructional method looks promisinq. Such a pro^am would 
better meet the needs oi units which are concerned with mointaininq and updatinq previously 
acquired recoqnition skills and with traininq occasional replacements.
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BACKGROUND 

Aircraft Recognition Training Practices in the U.S. Armed Forces 

The basic programs for aircraft recognition training used by the U.S. Armed 
Forces during and since the Second World War have been quite similar. In gen¬ 
eral, they have begun with a verbal description of the structural characteristics 
of each aircraft. Typically, the WEFT nomenclature system (Wings-Engine- 
Fuselage-Tail) is used during this part of the training. The system specifies 
words and phrases to be used in describing the various types of wing, engine, 
fuselage, and tail structures which appear on aircraft. The extent to which the 
WEFT nomenclature is used in a program has tended to vary across schools 
and across instructors. In some instances, emphasis has been upon the utiliza¬ 
tion of the entire nomenclature system; in other applications, only some portion 
has been used. In some cases, the instructor has given a familiarization pres¬ 
entation of the WEFT description of each aircraft only once; in other instances, 
the instructor has required trainees virtually to memorize the descriptions. 

Most Armed Forces programs have used 35mm black-and-white slides for 
presenting aircraft images during classroom training. Commonly, the slides 
show actual aircraft in natural environments. Since they represent views of 
opportunity of actual aircraft, the slides available for one aircraft may well 
show different views in different environments than those available for other 
aircraft. The aircraft images typically contain full nationality insignia. A few 
slides show unmarked aircraft models against the sky. Several additional sets 
of slides put out by the U.S. Naval Training Device Center during the last tlv-ee 
or four years show aircraft models against a uniform background. These recent 
sets are consistent with respect to the view shown of each aircraft and include 
some paired comparison slides which show the same view of two differ¬ 
ent aircraft. 

In both the older and more recent slide sets, the aircraft images constitute 
a substantial portion of the projected area of the slide. In the typical classroom 
set-up, the projector is placed so that the entire surface of the screen is illumi¬ 
nated. In such a set-up, it is not uncommon for most of the aircraft images to 
subtend angles of 12° to 45°, depending upon the maximum and minimum distance 
of trainees from the screen. For comparison, a typical jet fighter flying directly 
towards an observer 1000 meters away subtends an angle of less than Io. 

Following WEFT nomenclature training for several aircraft, the typical 
program has used single-image recognition practice. Slides are projected on 
the screen one at a time and the entire class responds vocally with the appro¬ 
priate name for the aircraft represented in each slide. Depending upon the 
instructor and school, the duration of exposure of each slide may range from 
several seconds to V*o or Vioo of a second. Most commonly, programs have 
used a progressively speeded exposure strategy, starting at one or two seconds 
during the early part of training and gradually reducing to '/zs or ’/so of a 
second by the end of training. Individual responding — either written or oral— 
has rarely been used. Most programs have used oral class response. Trainees 
have generally not been tested either during or at the end of training. 

3 



In July 19G5, IIuniRRO conducted a nilot • 
mg which included a program of the traditional t * ^ aircraft recognition train- 
began witha two-hour conference on tÍeWEFT?" The program 
in describing an aircraft's configuration Thj °menclature system and its use 
50-minute practice sessions in sinele ima<,»h session was followed by five 
day period. The slides used in the^ractic* SpaCed °ver a three- 
decreasing exposures-from several seconds^to WÍfh pro®ressively 
within each session. seconds to Ao or '/.„o of a second¬ 

ing the course of the trafning^They weVe^^T3'* aircraft was taught dur- 
aircraft recognition kit, one^f the oldeMvnp^nT"ra0”1 ^ Army'S SLARK #1 
Three aircraft were introduced during each of the fi6 f/3 previously Scribed, 
and four aircraft in the last session 8The Ha ^ f t f°Ur Practice sessions, 
the sessions. session. The class responded orally throughout 

Following the last practice session th- „i 
test containing 144 single-image slides* which*88 WaS glVen S 35mm Color slide 
kit. The test was composed of three v^ Js of e T Part °f the SLARK #1 
and side. One view for each aircraft ^ --raft-head-on. tail-on. 
projected image), one renresentf»H a Presented a near distance (12-20cm 

distance (4-5cm, iheTcraft were v ^ (7-10cm)' a"d °ne a far 
backgrounds. Each test slide was exposedferT1"81 natural.sky and terrain 
blank between slides The trainoos ^ ^IVC seconds with a five-second 

or number deeigm^L^Ve r-añTn'r „rUC’ed '0 Wrl*e el,h" ‘he 
answer sheets. The class averaged 147 m P—P61 rumbered blank on their 

The test had been designei to n 14%/or-ct recognitions on this test, 

by different methods with different kinds of^s" 'b COmparin« groups trained 
under which the slides were made mi™ f 1 Í ; Because the conditions 
aircraft images were partially obliterated^ ^ examPle* some °f the 
small for even experts to identify anH ^ llght sPillover. many were too 
did provide a basis for comp^^^^ »owevL. the test 
any other. When the worst of the " 8 grOUp an advantage over 
correct recognitions in the traditionally'trafnid1”0^'1’ 016 avera«e number of 
still constituted a degraded imagP ♦» J l,g?Up rose to 20%- The test 
suggest that the trlditional approach !» Never¡heless* ^e results strongly 
unsatisfactory results. aircraft recognition training yields 

The Operational Situation 

existing and propof etíTo^ward^rea^ir^efe^ effective use of virtually all 
the infantry rifle, single- and multiple - mounid ^3^°118, SUCh weaPons include 
small, highly mobile missile systems such as n ,achine guns and cannons, and 
various weapons are designed ^ m^et d,fl ^ ^ and ChaParral- These 
air threat. Thus, aircraff recognTt!oÍ a8feCtS °f thc forward a-a 
different weapons. Since manv of tho«« q rements may be different for the 
manning and deployment doctHnes are no^T?8 a^ í/11 Under development, 
aircraft recognition requirements cannot hp6 Consetluentiy. strict 
weapon. However, some broad recognition guidH^118^0 f°r CaCh seParate 
the degree of emphasis to be placed on thedimit ^68^11 be Set with regard to 

Under excellent visibility conditions ai andsize of the target image, 
can be positively recognized 50% of the tímela dfsta^ °f ^ observer Position 
meters (I). An aircraft flying directly toward an d.Stance of aPP-ximately 3000 

dose at a rate of 205, meU per second a rorri^Vs“^ 
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from a point 3000 meters away from the observer's position to a point directly 
over the observer's position. If the observer were manning a weapon which 
required a tail shot, he would have 14.6 seconds in which to view the aircraft 
before firing. If his weapon required a five-second preparation time, he would 
still have 9.6 seconds in which to view it before deciding whether to engage. If 
his weapon had a 2000-meter frontal engagement range, he would still have 4.9 
seconds in which to view the aircraft before firing. Even if he had a weapon 
with twice this range, or if the aircraft closed at a faster rate, the critical 
restriction on recognition performance would not be the fleetingness of image 
duration, but rather the smallness of image size at the observer's eye. 

Fleetingness of the target image can be critical only in situations in which 
the aircraft is revealed only during a break in high foliage or terrain. It is 
unlikely that a weapon could be brought to bear on an aire raft in such an instance, 
since some time would have to be consumed simply in acquiring the aircraft as 
it broke into view. Air defense weapons will undoubtedly be emplaced so as 
to provide a much better command of the surrounding airspace than is implied 
by situations in which targets are only fleetingly exposed. 

OBJECTIVES 

How much error in recognition accuracy can be tolerated in the forward 
area aircraft observer? Generating a precise answer to this question would 
require a complex cost-effectiveness analysis. A less precise answer can be 
based on military judgment. However, another question must be answered first: 
To what level of recognition accuracy can observers be trained and at what cost? 
This question in turn must be fractionated into two subordinate inquiries: 

(1) To what level of recognition accuracy can observers be trained 
with respect to training images and at what cost? 

(2) To what level of recognition accuracy can observers be trained 
with respect to actual aircraft in the natural world? 

This study is concerned with the level of recognition accuracy to which observers 
can be trained. 

Several informal contacts with personnel in cognizant Army agencies sug¬ 
gested that interest lay primarily at the 90% to 99% level of recognition accuracy. 
Ninety-five percent was selected as a representative training goal for research 
purposes. And since training cost is primarily a function of training time, the 
primary objective for this effort was formulated as follows: to determine 
whether aircraft observers can be trained to a 95% level of accuracy with 
respect to training images, and if so, to determine the average training time 
per aircraft required to reach such a level. 

The typical kind of recognition program used during and since the Second 
World War was not considered satisfactory for the following reasons: 

(1) Inordinate emphasis wasplacedon short-duration image exposures 
during training and testing. 

(2) Inadequate emphasis was placed on discrimination learning. 
(3) Inconsistent emphasis was placed on the selection and use of 

recognition features during training. 
(4) Group rather than individual responding was used during training. 
(5) There was a lack of effective evaluation procedures luring training. 
(6) The level of student achievement obtained in the 1963 pilot study 

was unsatisfactory. 

5 



Consequently, a second objective was formulated: to develop a clearly specified 
prototype classroom training approach for air defense units having a require¬ 
ment for visual aircraft recognition. 

Since the present effort constitutes but one of a series of continuing efforts 
dealing with aircraft recognition training and performance, a third objective 
was formulated: to gain direct experience with the conduct of aircraft recogni¬ 
tion training as a basis from which to develop improved second-generation 
training methods and materials. 

RATIONALES FOR THE TRAINING AND TESTING PROCEDURES 

Exposure Duration and Size of the Criterion Images 

In order to evaluate a trainee's ability to recognize aircraft, how long must 
hebe allowed to view each aircraft image? The preceding descriptions of sample 
operational situations indicate that target exposures of less than one second, and 
perhaps as great as two seconds, are too short to allow for an effective engage¬ 
ment. But otherwise, there was little basis at the inception of this study for 
selecting some particular exposure duration from the one- to five-second range 
as constituting a minimum requirement. Since the projectors that were available 
were equipped with automatic exposure settings of 5, 8, and 15 seconds, the 
shortest—the five-second exposure—was selected as the criterion requirement. 

How large (or small) should each aircraft image be in order to evaluate a 
trainee's ability to recognize aircraft? The preceding discussion of sample 
operational situations indicates concern with a number of air defense weapons 
characterized by a variety of engagement envelopes; that is, some of these 
weapons can engage aircraft at considerably greater ranges than can others. 
In general, however, the military advantage lies in identifying the aircraft at 
the greatest possible range (or smallest possible image size). 

The problem is complicated by the fact that slide projections on generally 
available screens do not adequately simulate natural world images. Thus, a 
projected image which subtends the same visual angle for a given screen-to- 
observer distance, as does a natural world image at a given target-to-observer 
distance, presents less perceptual information to the observer than does the 
natural world image. There is a considerable loss of resolution on the screen 
(particularly beaded screens) so the projected image is blurred in comparison 
to the natural world image'(2). Increasing the size of the projected image will 
not necessarily lead to a match with respect to perceptual information. The 
difficulty with which some recognition features can be discriminated is primarily 
dependent upon image size, and the difficulty with which others can be discrim- 
inated is primarily dependent upon image sharpness and internal contrasts. 
Thus, an enlarged projected image may allow equal discrimination of the size 
and shape of an air intake but a much easier discrimination of wing position than 
does the smaller natural world image. 

It is not yet possible to establish a direct correspondence between the char¬ 
acteristics of images as seen in the natural world. Consequently.it was decided 
to train for small projected images, recognizing that they could not be interpreted 
in terms of simulated target-to-observer distances in the natural world. 

Klaiber icports that the resolving power of a large sample of commercially available front and rear pro¬ 
jection screens ranges from » lines mm to 128 lines mm. The resolving power of just the beaded front projec¬ 
tion screens included in Klaiber’s sample ranges from t lines mm to 12 lines mm. 
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Whole-Image vs. Image-Analysis Approaches to Training Design 

Sh°uJ^ P°tential aircraft observers be trained to recognize aircraft on the 
basis of the whole image or on the basis of a fractionation of the image into 
characteristics of the structural components of the aircraft? The previously 
mentioned WEFT nomenclature system is the major historical example of the 
latter approach. It provides the trainee with a language by which he can descrip- 
ive y analyze aircraft images into characteristics of the wings, engine, fuselage 

and tail. The opposing whole-image point of view was expostulated primarily’ 
y Renshaw (3), who stated: "For the attainment of the maximum skill in the 

visual perception of forms, wholes must be seen rather than a succession of 
discrete and disjointed parts." 

From Renshaw's point of view, it is critical that the trainee be prevented 
from analyzing the image into structural components of the aircraft. The pre¬ 
vention of image analysis during training is difficultto accomplish and impossible 
to confirm. Even though the means for accomplishing such an analysis are not 
provided the trainee, he can make his own analysis using whatever descriptive 
terms he already knows or can invent. And he can accomplish such an analysis 
covertly so that the instructor is not aware of it 

t0< pr*verí_0r at least discourage-the trainee from analyzing the 
™agse A1°r ^v, T W SUggeStS that the imaee be shown only in brief expo- 

ft h!«' t ?°Ug *e ?eS n0t Clearly define what he mea"s by "brief exposures," 
frorTv ♦ V Ÿ n interPreted to mean sub-second exposures, ranging 
™nnnc,°K ° /,0° ° f second pending upon the agency or particular instructor 

i trai1mng- Using brief exposures does not, however, ensure 
ÎlilÎ n^gLaHn yS1S T11"01 occur more probably, it only ensures that analysis 
^ P;°CseedHm0re Sl0wly and with certainty over a greater number of 
exposures. However, since image analysis can occur covertly, the point is 

eValUation- In practical terms, the issue resolves 
Thf]f °0ne of selecting the optimum image exposure duration for training. 
This problem will be discussed in a subsequent section. g 

J" °f trainee,s Private experience, it seems likely that he would 
and a lmage;analysis approach during the early part of recognition learning 
and a whole-image approach during the later part of recognition learning. That 
is, when first confronted with the complex images of a given aircraft, he analyzes 

les^anH li COmPonents- As Practice continues, this analysis becomes 
TW,n dJ nefessary* untl1 lt largely ceases to occur as a conscious act. 

if possible atCanent1011 eXPerimentally’ however, would be difficult and costly, 

Selection and Definition of Recognition Features 

nf thJHe image‘analysis approach was selected as the basis for the development 
of the experimental program. In such an approach, salient structural character- 
is ICS of each aircraft are selected as recognition features: (a) The trainee may 

wZlT h I*™ a Set, °f SPeCÍfÍed features* (b) he may be provided with a 
language to aid him in selecting his own features, or (c) he may be given no 
guidance whatsoever in the selection of features. 8 

If he is given no guidance at all, he may select, as recognition features a 
substantial number of unique details that are readily discriminable in the train- 
ms images but are much more difficult to discrimínate at long distances m 

in the t WOrId lmaees- [or mstance, one of the aircraft might be distinguished 
in the training imagery by ridges on the upper surface of its wings. However 
such ridges may not be sufficiently large to be seen at a great distance in the’ 
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. . . thp training image until the ridges can 
natural world. To reduce ^h®b^tZerate other salient characteristics which can 
no longer be seen may als° ° considerable distance. This problem 
be seen in the natural effect of changes in the size of projected 

of perceptual information dancefor the 

descriptive terms for both gross îüif encourages trainees to 
sensitive to distance. ^rf;rm°rÍd‘‘““rsCrtaSion of the aircraft since the 
select many features which do not aid the -ram. These difficulties can be 
feature may be common to all aircrafj SDecififd recognition features which 
minimized by P-'f ^I'^eir d scr^nahiUty a, great distances, 
have been preselected on the basis ot in distinguish) 

The visual recognition featuf8other aircraft that will 
a particular aircraft depend to a larg P<J thoge features which 
be seen by the aircraft observer. The object! ^ the aircraft tobe taught 

will most effectively and efficl®nt^^ble distance (or smallest possible image 
in the program at the greatest? recognition features for each aircraft 
size). It was decided to use a set of visuai r “ th COntext of all the aircraft 
in the program that was selected ^jmen a^ ag judges. Most of them 
in the program. Members of the aircraft in flight while participating 
had previous experience obse^ing acmal -rcraf. .n „ woulli „ 

in field studies conducted as part of oth lonyfeatures „„ the basis of 

r ÄfromTserts ofe hiVsc8riminatiogn studies, but such an approach 

WOU*And^firaUy?theUselKteJdWsualrec<^gnition^eatures^wm^e^describe^din^ words 

that were considered to be família th an added learning burden on 
terminology was not desired, it ^ teat„res of the F-4 (Phantom) 

lhet ‘tdTr-us^0L‘r“peHrX~8regm were stated as follows: 
selected for use m^^ taU .anU down^ 

(2) Drooping short nose, swcpi 

ir, S^lngt biittomof body. 

Pur ^.“description- ofthe same aircraft might read as follows: 

Win8£ SÃ leading^edge^sweep^and slight trailing edge sweep. 

(,3, Moderate positive dihedral in outer panels. 
(4) Squared-off wing tips. 

Ene"Ír^rÂahTml«de^;iÍe:-o, fuselage by forward 

,3, Dual^exhausts^mounted low on fuselage under forward section 

of tail assembly. 
. .u .... nf details but does not implement this caution 

■The Aircraft Recognition Manual cautions agains e • 

in all of its aircraft descriptions _ an(J Navy s0U1.Ces. However, it ,. oniy 
a This description is a composite maoe up ir 

.l^d" «. dl» »V »' d” ■“"* d"‘np‘”"'‘' 
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Fuselage: 
(1) Forward slanting (drooping) pointed nose. 
(2) Cockpit located well forward on fuselage. 
(3) Stepped-up canopy. 
(4) Fuselage thickens through engine area, then thins and tapers 

upward to a rounded tail cone. 
Tail: 

(1) Single tail assembly. 
(2) Unusual empennage consists of massive fin and rudder.q 
(3) Horizontal stablizer mounted on fuselage with sharp (23°) negative 

dihedral (anhedral). 

Discrimination Learning 

The primary type of learning required for aircraft recognition training 
was identified as discrimination learning. A simultaneous paired comparison 
procedure was selected as the training procedure by which to accomplish 
discrimination learning. In such a procedure, two images representing the same 
view of two different aircraft are shown at the same time on the screen. In 
keeping with the image-analysis emphasis during early training, the trainee 
response during paired comparison training was designated as the identification 
of the preselected recognition features which differentiate the two aircraft one 
from another. Speed of response was not considered critical for this training 
activity. Instead, emphasis was considered more appropriately placed on obtain¬ 
ing from the trainees an exhaustive listing of the relevant recognition features 
which differentiated between the images in each pair. Exposure of each pair 
of images would be prolonged until such a listing was obtained. 

Obviously, there are degrees of similarity among various pairs of aircraft. 
Extensive discrimination training is necessary only for those that are quite 
similar to each other. Consequently, the efficiency of discrimination learning 
could be improved by forming the aircraft into groups on the basis of similarity 
and restricting the paired comparison procedure to those aircraft within each 
group. Such a procedure would also reduce the number of new aircraft which 
trainees would be required to learn during anyone portion of the training program. 

A judgmental procedure was devised for forming the aircraft into groups. 
The stimulus materials consisted of cards, each of which contained silhouettes 
of the three plan-views (head-on, belly, and crossing) of one of the aircraft 
(see Figure 1). Personnel of HumRRO Division No. 5 (Air Defense) and the 
U.S. Army Air Defense Human Research Unit, Fort Bliss, Texas, served as 
judges. Ten judges were used, each of whom was instructed to sort the cards 
into piles of four on the basis of overall similarity. Subsequently, the groupings 
were formed by summing across judges. Aircraft which could not be clearly 
placed in one of two groups were submitted to a different and smaller set of 
judges for resolution of the conflict. 

Single-Image Practice and Review 

The criterion condition requires that the trainee name the aircraft repre¬ 
sented by an image when the images are presented one at a time. Thus, it seemed 
necessary to include an opportunity for single-image recognition practice following 
the paired comparisons activity for each group of aircraft. This practice may 
be viewed as providing the trainee with an opportunity in which to shift from an 
image-analysis to a whole-image approach. 
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Plan-View Silhouettes Used for Obtaining Judgments of Similarity

Figure 1



It also was considered necessary to include periodic reviews of aircraft in 
previously learned groups. The practice and review activities were combined 
and made cumulative so as to include all previously learned aircraft as well as 
those currently being learned. 

Deciding on duration of exposure involved detailed consideration of previous 
research results. Renshaw (3) contends that brief exposures (Vio to '/too sec.) 
in themselves facilitate recognition by both trained and untrained observers. 
Gibson (5) describes a study which is pertinent to Renshaw's contention. Three 
training and three testing conditions were used in the study. The training con¬ 
ditions were: 

(1) Slow-Trained: one-second exposures used throughout the program. 
(2) Intermediate-Trained: Vs-second exposures during the very 

early part of training and '/«o-second throughout the rest of training. 
(3) Fast-Trained: Vs-second exposures during the very early part of 

training, gradually accelerated to '/so-second during the rest of training. 
Each training method was administered to a different group of about 170 

trainees. Each group was made up of four classes. Each of four instructors 
taught one class in each group, so that differences in the quality of instructors 
were equally distributed throughout all three groups. The frequency of exposures 
and the amount of drill was the same for all classes in all groups. Gibson does 
not report how much total time was spent in training, but he implies that it was 
approximately equal for all groups. Furthermore, from his report it seems 
that training for each class was distributed over a two-week period. He does 
not report the number or type of aircraft taught. 

Three exposure durations were established: one-second, Vio-second, and 
/so-second, and one-third of each class was tested at each. The three sets of 
20 slides used for the test were counterbalanced with exposure durations within 
and across training groups. The results are shown in Table 1. The means in 
this table are with respect to a maximum possible of 2 0. Reading each row 
from left to right across the columns, it is readily apparent that these data 
do not support Renshaw's hypothesis that brief exposures facilitate recognition. 
The data show that, in general, higher scores were made at the longer test 
exposures. There is one exception: The '/so-second test condition for the 
Fast-Trained group produced a higher score than the '/So-second condition 
for the same group. However, this difference is not statistically reliable, 
whereas all other differences within each row are. Furthermore, the differences 
between training methods within each test condition (column), with but one 

Table 1 

rroticiency for Various Combinations of 
Slid* Exposur« Durations During Training and Testing* 

Group 

Number of Correct IdentificationN^ 

Slow-Trained 173 16.7 

Intermediate-Trained 167 16.7 

Fast-Trained 177 17.0 

!-«ec. Test 1 10-sec. Test 1 50-sec. Test 

Mean so Mean so Mean SI) 

2.2 

2.3 

2.1 

14.3 

14.3 

14.0 

3.0 

2.8 

2.8 

13.0 2.9 

13.6 2.9 

14.1 .3..3 

•Taken from Cibaon (5). 
'’Maximum possible is 20. 
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exception, are not statistically reliable. The single exception is the statistically 
reliable difference between the Slow-Trained group and the Fast-Trained group 
under the ’/so-second test conditions. This difference would be pertinent only 
if it were operationally necessary to train men to recognize aircraft images 
presented in flash exposures of Vso of a second or less. As previously argued, 
this is not an operational requirement. 

A recent study by Gavurin (6) also refutes Renshaw's contention. Six dif¬ 
ferent training methods were tested, three of which used high-speed exposures. 
The subjects of the study were college students who were required to learn to 
a criterion of perfect performance. Those in the three high-speed exposure 
conditions took more trials to learn to criterion and made a greater number 
of errors. In comparing one of the high-speed exposure conditions with a 
matched prolonged exposure condition, the students in the high-speed condition 
took more than twice as many trials to learn to criterion and made almost three 
times as many errors during training as students in the prolonged exposure 
condition. The best training condition, both interms of trials to learnto criterion 
and errors during training, was one that used prolonged exposures and allowed 
simultaneous comparisons of aircraft images. 

In view of the above studies, it would appear that the only restriction that 
can be justified with regard to the duration of image exposures during training 
is that, sometime before the end of training, it match the duration of image 
exposures during testing. For the early part of the experimental traimng 
reported here, eight seconds seemed sufficient. The decision of when to shift 
from eight to five seconds seemed best made by the instructor. 

Testing 
As previously stated, one objective of this effort was to estimate the 

average training time required per aircraft to attain a level of 95% achievement. 
Continual information on progress toward this goal was deemed necessary. 
Consequently, it was decided to evaluate achievement on all the aircraft in the 
program at the end of each training session. Thus, during the early and middle 
stages of training, trainees would be tested on aircraft which they had not yet 
been taught. In an operational program, however, periodic achievement testing 
might well be restricted to those aircraft which have been or are currently 
being taught. ^ , 

Periodic testing at the end of each training session provides both the trainee 
and the instructor with information concerning progress in training. Such infor¬ 
mation has several uses: (a) Progression from one group of aircraft to the next 
can be based on actual achievement rather than on some arbitrarily established 
time requirement; (b) it can act as an incentive for the trainees; and (c) it can 
be used as a basis for prescribing remedial training activities. 

In order to prevent—or at least to discourage—trainees from learning the 
test it was decided to use five alternate forms which would be rotated in order 
from session to session. Each form would consist of two views of each aircraft, 
with no view of any particular aircraft appearing in more than one form. In 
order to evaluate the generalization of learning, it was decided to use different 
views in testing than in training. x L . , 

Progression from one group of aircraft to the next group was to b based 
on trainee response to only those test images of aircraft in the group currently 
being taught. The average progression criterion for the class was set at 80%. 

In order to provide some common base by which to compare the program 
developed in this effort with the previous evaluation of the traditional approach, 
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it would be necessary to administer the same type of end-of-training test as 
was previously used. This procedure was adopted. The worst slides in the test 
’•'ere replaced so as to bring the number back up to 144. However, many of the 
images in this test are still highly degraded in unrealistic ways. Although per¬ 
formance data obtained from the test can be used as a basis for comparative 
evaluation with respect to the two training approaches, it cannot be used as a 
basis for absolute evaluation with respect to field performance. 

The degraded image test also provides an indication of generalization from 
the type of images used during training to some other kind of image condition. 
If a substantial correlation were obtained between performance in training and 
performance on this test, it would be reasonable to infer that the effects of train¬ 
ing will generalize to other image conditions; that is, that they are not specific to 
the training images. If a low correlation were obtained, it would be reason¬ 
able to infer that the effects of training are specific to the training images. 

Remedial Training 

Any training program which progresses from one portion to another only 
after the class as a whole attains some specified level of achievement is highly 
dependent upon the progression of thr slowest learning trainees in the class. 
Remedial training procedures are necessary in such an approach to reduce 
training delay. However, to prescribe effective remedial training procedures, 
it is first necessary to make a diagnosis, that is, to identify the slow learners 
and the nature of their difficulties. Such a diagnostic base is provided by the 
achievement tests administered at the end of each training session. To be 
effective, the tests must be scored and analyzed and remedial procedures 
prescribed before the next training session, either for the entire class or for 
selected members, depending upon the extent of the learning deficiency. 

THE TRAINING PROGRAM 

Selection of the Slides 

ArmySubject Schedule 44-2 (7), specified the use of the aircraft recognition 
slide (35mm) kit 5-QQ-8 (SLARK #1). Examination of this kit had suggested 
that there were characteristics of its slides that should be modified to make 
them more suitable for ground observer aircraft recognition training. The 
undesirable characteristics are: 

(1) A preponderant emphasis on air-to-air rather than ground-to-air 
views of the aircraft. 

(2) Distinctive background signatures on many of the slides which 
enable trainees to learn to identify the aircraft on the slide without necessarily 
looking atthe aircraft image itself. The signatures include unusual backgrounds, 
unusual lighting, and unusual views. 

(3) Nationality insignia and other markings on many of the air¬ 
craft images. 

(4) A different number of views and lack of uniformity of views from 
aircraft to aircraft. 

(5) Image sizes that vary inconsistently and are usually too large for 
training recognition at a maximum possible distance. 

Slide images judged to be more suitable were available. Previous pilot 
work had included the development of experimental imagery for a large number 
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F-86 
F-100 
F-101 

F-102 
F-104 
F-105 
F-106 

Sabre 
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Delta Dagger 

Starfighter 
Thunderchief 
Delta Dart 

F-4 
F-6 
F-8 
Mig-15 
Mig-19 

Yak-25 

Phantom 
Skyray 
Crusader 
Fagot 
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Fishpot 
Fitter 

Flashlight 
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General Structure of tne Training Program 

The uT'coal aettir^*^ Pro*r'>e'd thr^ «ven activitiee: 

Aircraft familiarization 
Supplementary training 
Paired comparisons 
Recognition practice and review 
Achievement testing 
Remedial training 

(2) 

(3) 

(4) 
(5) 

(6) 

(7) 
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Activity 4 (paired comparisons) and Activity 5 (recognition practice and review) 
were administered for each of the four groups of aircraft. The progression from 
one group oi aircraft to the next was made whenever the class achieved an 
average of 80% correct on the aircraft in the group currently being taught, as 
determined from the achievement test. Activity 6 (achievement testing) was 
admimstered at the end of each 50-minute session throughout the training pro¬ 
gram. Activity 7 (remedial training) was administered whenever indicated by 
the results of a preceding achievement test. Activity 3 (supplementary training) 
was undertaken by each trainee at his own discretion, when and if he desired. 
The remaining activities were administered only once during the program. 

Functions and Means of Accomplishing Eacn Training Activity 

(1) Goal setting. This activity had two functions: 
(a) It provided both the instructor and the trainee with an indication 

of the trainee’s pretraining aircraft recognition proficiency. 
( ) It informed the trainee of the kind of performance that would be 

required of him by the end ol the training program; that is, it 
established the performance objectives of training for the trainee, 

/ov AWaS accomPnshedby administering a short form of the proficiency test. 
'2' Aircraft familiarization. This activity had two functions: 

(a) It familiarized the trainee with the visual appearance of the recog¬ 
nition features of each aircraft. 

(b) It informed the trainee of the aircraft and features that he would be 
required to learnto recognize during the training program; that is, it 
established the "enabling objectives"1 (8) of training for thetrainees 

It was accomplished by having the instructor display models and slides 
of each aircraft to the class while describing the recognition features and giving 
the name and number designation of each. 

, . (3) Supplementary training. This activity had the function of providing 
trainees with material which would allow them to study during their own time 
if they wanted to. ' 

It was accomplished by providing each trainee with a sheet on which 
were printed silhouettes of the three plan-views and the name and number 
desifnations of each of the 16 aircraft. 

(4) Paired comparisons. This activity had two functions: 
(a) To lead the trainees into identifying and learning the recognition 

features for distinguishing among the aircraft in a group of 
similar aircraft. 

(b) To lead the trainees into learning the name and/or number 
designations of the aircraft in a group of similar aircraft. 

It was accomplished as follows: 
(a) The name and number designations of each aircraft in a group 

were prominently displayed at the front of the classroom, and 
the instructor read them to the class. 

(b) Two training slides showing the same view of two different air¬ 
craft in the group were simultaneously projected side-by-side 

Enabling ob,ect,ve8 are defined as: \ . . the component actions, knowledges, skills, and so forth, the 
student must learn if he is to attain the terminal objectives. These bridge the gap between where the student 
is at the beginning of instruction and where he should be upon completion of instruction." 
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on the screen. The number designation of the aircraft appeared 
beneath its image. 

(c) The instructor called on one trainee to describe the observable 
recognition feature differences between the two images^ 

(d) The trainee described the differences he saw. If he described 
actual but insignificant detail differences not listed on the card, 
the instructor admitted the accuracy of the differences and pointed 
out that they are not distinguishable at the distances at which 
identification must occur. The instructor's treatment of the 
trainee was one of helpful encouragement. If the trainee failed 
to designate the aircraft by name or number, the instructor asked 
him to do so. 

(e) Another pair of slides was projected on the screen and the instruc¬ 
tor called on another trainee to describe the observable recognition 
feature differences between the images. This procedure continued 
until the more important views of all aircraft in the group had 
been presented. 

(f) This activity was administered only once for each group of aircraft. 
Recognition practice and review. This activity had two functions: 
(a) It provided trainees with practice in naming the images of the 

aircraft in the group currently under study. 
(b) It provided trainees with review and practice in naming images of 

previously learned aircraft. 
It was accomplished as follows: 
(a) An image of one of the aircraft currently under study or previ¬ 

ously learned was projected on the screen for several (e.e 5 
to 8) seconds. 

(b) The screen was blank for several seconds, during which time the 
trainees wrote their designations of the aircraft image on a pre¬ 
pared answer sheet. 

(c) The aircraft image was again projected on the screen along with 
its name or number designation. The trainee checked his answer 
for correctness, and the cycle was repeated. This procedure 
continued for all but the last 10 minutes of the 50-minute training 
session. The images of the various aircraft were presented in 
an intermixed order. 

(d) Another aircraft image was projected on the screen and the cycle 
was repeated. This procedure continued for all but the last 10 
minutes of the 50-minute training session. The images of the 
various aircraft were presented in an intermixed order. 

^ Achievement testing. This activity had several functions: 
(a) It provided a means of identifying those trainees who were having 

difficulty learning to recognize the aircraft. 
(b) It identified those aircraft which the class, or a substantial portion 

of the class, was having difficulty learning to recognize. 
(c) It established intermediate goals for the trainees and kept them 

informed of their progress toward these goals. 
(d) The average class results determined when the class as a whole 

was ready to progress from one group of aircraft to the next. 
It was accomplished as follows: 
(a) One oi five forms of the test was administered at the end of each 

training session, beginning with the second session. 
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(b) 

(c) 

(d) 

(e) 

Each form of the test was composed of two training slides for 
each aircraft in the entire training program. The training slides 
used in a given session did not include the test slides scheduled 
for use at the close of the same session. 
Each slide was projected for several seconds, with a blank interval 
of several seconds between slides. 
Trainees wrote their designations on prepared answer sheets dur¬ 
ing the blank periods. 

Answer sheets were scored and analyzed and the scores were 
posted at the next session, so that the trainees were informed 
of their progress and the instructor could take advantage of the 

/-T» o analysis in planning the ii iructional activities for the next session 
<7 Remedial training. This actr j had the function of correcting those 

difficulties, if any, identified by the achievement testing. 
It was accomplished by using either of two methods: 

(a) glffgie-image method. An image of an aircraft v/hich was causing 
difficulty was projected on the screen. The instructor asked a 
trainee to identify the image by aircraft name or number and to 
describe the recognition features that were observable in the view 
shown. He prompted the trainee, if necessary, by pointing to 
salient structures or by asking the trainee leading questions. Then 
he asked the trainee why the image could not be of some very 
similar aircraft, but without projecting an image of the second 
aircraft. Other trainees were called upon to help the first student 
if he was unable to give an appropriate response. 

(b) Paired comparison method. Images of the same view of two air¬ 
craft which were confusing the trainees were projected on the 
screen. The instructor asked one trainee to identify the two images 
by aircraft name or number and to describe the recognition feature 
gjfferences that were observable in the view shown. He prompted 
the trainee, if necessary. Then he had another view of the same 
two aircraft projected on the screen, and again he asked the same 
trainee to identify the two images by aircraft name or number and 
to describe the recognition feature differences that were observable 
in the view shown. This procedure might be repeated for several 
more views. Other trainees might be called upon to help the first 
s*uc*ent was unable to give an appropriate response. 

The single-image method was designed for those instances in which the aircraft 
causing difficulty was being confused with more than just one or two other air- 
craft The paired comparison method was designed for those instances in which 
only two or three aircraft were being consistently confused with each other.' 

CONDITIONS FOR THE EXPERIMENTAL TRYOUT 

♦ ,,Txh experimental aircraft recognition training program was administered 
to 27 trainees during July 1966. Twenty trainees were provided by the 1st 
Battalion, 33d Artillery (Nike Hercules), 6th Artillery Group, and seven by 

‘Other remedial training techniques 
ones described in the text-for instance, h 
from a display of models. 

were used during the experimental tryout to supplement the primary 
aving trainees draw a picture of an aircraft or pick the rrect model 
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the Center Service Group, Fort Bliss. Three of these men missed one-third 
or more of the training sessions and were dropped from the final evaluation 
of the program, thus leaving 24 who completed the program. 

Training was conducted in two separate one-hour (actually 50-min.) ses¬ 
sions per day and was scheduled to continue until the class reached an average 
achievement level of 95%. This level was reached by the end of the 16th session. 
Because of administrative and scheduling difficulties, the degraded image test 
was administered to only 18 of the trainees four days after the completion 
of training. 

A beaded, front projection screen was used du ring training and testing. This 
type of screen typically possesses poor resolution characteristics. The slides 
were shown on 35mm projectors that had a tray capacity of 80 slides. Two 
projectors were used simultaneously during paired comparison training; they 
could be set to cycle automatically every five or eight seconds. The slide 
trays used for both the training and test images were loaded before each 
session began. 

The instruction was conducted by a civilian member of the research staff 
who had many years of college teaching experience. He was assisted by an Army 
private who had completed college, but had no teaching experience. 

Five alternate forms of the achievement test were used during the experi¬ 
mental tryout to prevent trainees from learning the test. The forms were 
presented in a fixed order during the training. Identical training and achieve¬ 
ment test slides were not used in the same session. One form of the test was 
administered during the first session before training began as a means of 
establishing an untrained baseline. It is referred to as the pretest. 

RESULTS 

The average recognition level the trainees achieved on the pretest and on 
the tests given at the end of each 50-minute training session is shown inFigure 5, 
which covers all 16 aircraft. The data inFigure 6 are the same as that presented 
in Figure 5, but separated by aircraft groups. The vertical bars indicate the 
session at which each group of aircraft was introduced into the classroom training. 
Learning of aircraft in a group before that group is introduced into the classroom 
training can be accounted for only in terms of exposure to test images and use 
of the silhouette sheets. Since no direct and immediate feedback was available 
for test exposures, use of the silhouette sheets would appear to be the more 
powerful factor. Achievement on Group 2 aircraft rose to 33% before Group 2 
aircraft were taken up in the classroom; achievement on Group 4 aircraft rose 
to 79% before Group 4 aircraft were taken up in the classroom. These results 
suggest that the silhouette sheets were an effective medium for aircraft recog¬ 
nition training and greatly facilitated the efficiency of the training. 

Continued improvement in achievement beyond 80%, on aircraft in a group 
following progression to a subsequent group, can bo accounted for in terms of 
both the silhouette sheets and the cumulative review incorporated into the single 
image practice sessions. It was the effect of these procedures that allowed the 
use of an 80% progression criterion during training and yet resulted in the 
attainment of the 95% terminal criterion. The 80% criterion on Group 4 was 
attained in the 12th session. Consequently, the 13th, 14th, 15th, and 16th ses¬ 
sions were concerned solely with bringing class achievement across all aircraft 
up to a 95% average. 

I 
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Progression of Overall Achievement During Experimental Tryout 

Progression of Achievement by Aircraft Groups During Experimental Tryout 
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The 95^0 achievement level for all 16 aircraft was attained at the end of the 
16th session. Thus, in projecting training time requirements for a program 
covering a given number of aircraft, it can be expected that as many 50-minute 
sessions will be required as the number of aircraft to be covered by the program. 

s the number of aircraft covered in a program increases, two counter¬ 
acting kinds of effects can be expected to occur. First, the average amount of 
time required Pgr aircraft may decrease as a result of trainees having learned 
howto learn to recognize aircraft; that is, learning to recognize several aircraft 
may make it easier to learn to recognize several more. The trainees may have 
more confidence in their ability to learn. They may also have become more 
sensitive to structural differences among aircraft and have learned to recognize 
certain structures in a variety of views. Since these structures may also be 
critical to as yet unlearned aircraft, the trainees will have provided a basis for 
positive transfer. They will have learned a language for specifying structural 
differences and will have become familiar with terms and systems for designat¬ 
ing aircraft. Second, the amount of time required per aircraft may increase 
because of the increased opportunities for confusion between aircraft andb^cause 
of the greater memory burden. 

The first group of effects are facilitating, the second are interfering. The 
nature of the facilitating effects suggests that they would peak out relatively 
early in an extensive program. The interfering effects, however, would con¬ 
tinue to accrue throughout the program. Practice and review activities would 
become lengthier as more and more aircraft had to be covered. A more efficient 
way of handling a large number of aircraft might be to divide them among two 
or more programs based on aircraft similarity. Practice and review activities 
within each program would be cumulative within but not across programs A 
practice and review program (with remedial training as required) cumulative 
across programs might be administered following the second and all subsequent 
programs. However, this suggestion is purely speculative, since no data bear- 
ing on these issues are available. 

The individual scores made on the achievement tests given at the end of 
each session are shown in Figure 7. These are the same scores from which 
Figure 6 was derived. Figure 7 graphically illustrates the laggards on each 
test. Lagging would presumably have been even greater had remedial training 
procedures not been used throughout the course of the program to provide addi¬ 
tional or corrective training to trainees who were falling behind. 

Lfggwg migh^hfve been further reduced by splitting the class into a slow 
and a fast track. Before such a strategy could be undertaken, it would be nec¬ 
essary to determine the consistency with which trainees maintain the same 
relative position in the class from one achievement test to another. If con¬ 
sistency were low, then such a strategy would not be feasible. 

The coefficient of concordance, a measure of consistency in performance 

rnr\WaS ,77 te''-005)-' Since this coefficient can range from 0.00 
to 1.00, the .77 value indicates a relatively high degree of consistency-sufficiently 

fast*trackStlfy eXpl°ring the feasibility °f splitting the class into a slow and a 

On the basis of the average scores achieved on the recognition test at the 
end of the fourth session, the trainees were divided into fast and slow learners 

'To apply .hi* statist;, it Was first ne, essarv to fill in a, hievemen. test scares far trainees wha were 

absent from some sessions. I he scares were abtained by averaging the scares an the preceding and suce,I- 

ng -essians. In this manner 22 af .18» scares were abtained. 11,,. scares fram each sessian were then rmted 

ram highest to lowest, and the «-„efficient af cancardance was camp,.ted fra,,, ,he taial aggregate af these ranks 

23 



Dispersion of Raw Achievement Scores During Experimental Tryout 

Sessions 

Figure 7 

and their subsequent scores were analyzed on this basis. The average level 
of achievement of these two groups on the pretest and on the tests given at the 
end of each session is shown in Figure 8. The fast learners attained 95% 
achievement by the end of the 11th session. The slow learners had attained 
only 71% achievement by the end of the same session and only 91% by the end 
of the program (16th session). 
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Prograst of Fast and Slow Loarnors During Training 

Consistency was such that only two trainees changed position from the 
first four sessions combined to all 16 sessions combined. Furthermore, the 
three trainees who were dropped from the program because of excessive 
absences invariably placed in the lowest fourth of the class during each of 
those sessions for which they were present. 

Eighteen of the 24 trainees who completed the program were administered 
the degraded image test. The number correct on this test ranged from 63 to 
106 with an average of 87.4 or 61% of the 144 slides in the test. This achieve¬ 
ment is three times greater than the performance level obtained when the 
traditional program was evaluated in the 1965 pilot study. 

The correlation between scores on the degraded image test and the average 
of the 16 achievement test scores for each trainee is .82 (p<.01). This is a 
substantial correlation and indicates that the effects of training are not specific 
to the training images; that is, the effects may be expected to generalize to 
other image conditions. 

DISCUSSION 

The substantial correlation (r= .82, £< .01) between training achievement 
and performance on the degraded image test indicates that the recognition skill 
produced by means of the prototype program is not specific to the slides used 
during training; that is, the skill will generalize to some other image condition. 

The prototype program produced a performance level on the degraded image 
test three times as high as that obtained during the previous evaluation of the 
traditional approach. It also required 2.3 times as much training ame as did 
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the traditional program (7).1 Consequently, it may well be that the improved 
performance was obtained largely because of increased training time. It should 
be noted, however, that it is not known whether increasing training time with 
tne traditional approach would have resulted in a proportional increase 
in performance. 

There was still a somewhat unsatisfactory amount of lagging on the achieve¬ 
ment test given in the final session; four trainees had unsatisfactorily low scores 
ranging from 75% to 88%. If an individual rather than a class average achievement 
criterion had been applied, these trainees would probably have either been failed 
or been given additional training. 

The strategy of splitting the class into two separate tracks has already 
been mentioned. Had such a strategy been employed and the class split at 
the end of the fourth session, the fast-learning track would have attained the 
95% average achievement criterion within 11 training sessions. Furthermore, 
remedial instruction from the fifth session on would have been specific to the 
fast-learning track and could reasonably have accelerated their learning beyond 
the rate actually obtained from them. The time saved on the fast learners 
could then have been given lu the slow learners to bring them up to the 95% 
average achievement criterion. Such an approach would consume the same 
number of trainee hours, but would require a greater number of instructor 
hours. Instructor hours could be held constant by splitting two concurrent 
classes and combining the slow tracks of each and the fast tracks of each to 
form two reconstituted classes. The primary advantages of such a split-track 
strategy is that it distributes training time in direct accord with learning rate 
and thus reduces attrition if an ndividual rather than a class average achieve¬ 
ment criterion is used. 

If a split-track strategy is used, then it is probably advisable to use a 
higher progression criterion for the slow track than the 80% used in the experi¬ 
mental tryout. Setting a higher criterion—say 90%—should reduce confusions 
with previously learned aircraft groups and thus reduce the need for remedial 
training and the amount of time spent in subsequent practice and review. The 
80% criterion, however, appears to be quite adequate for the fast track. 

The prototype program developed in this study represents a state-of-the- 
art effort. Although it produced the achievement level sought, the contribution 
of each of its separate components toward the attainment of that level has not 
been determined. A determination of those contributions might well lead to 
modifications which would result in improved training efficiency. 

The relative contributions of the paired comparison and single-imag 
practice procedures is not known. There is a strong possibility that the major 
contribution to learning is made by the paired comparison procedure. If that 
theory should prove correct, it would be advantageous to place primary emphasis 
on the paired comparison procedure. This might be done in either or both of 
two ways: 

(1) Paired comparison training might be repeated several times for 
each group of aircraft. It could also be made cumulative for review purposes. 

(2) In a group procedure, only one trainee actively responds at any 
given time during paired comparison training. Trainee response could be 
increased by means of a coach-pupil procedure utilizing images printed on cards. 

‘ASubjScd 44-2 specified that three new aircraft be introduced during each nominal one-hour session. 
The prototype program averaged one aircraft per hour. 
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In addition, the reduction or elimination of single-image practice and review 
would lead to a substantial reduction in the number of slides required for train¬ 
ing. Training slides might be further reduced by selecting for training both 
(a) those views which provide the greatest generalization of aircraft recognition 
to other views and (b) those operationally critical views which provide very 
little generalization to other views (for instance, flat head-on). 

The prototype program differs from the traditional approach with respect 
to recognition features primarily in that the former provides the trainees with 
a specific set of preselected features for each aircraft in the program. How¬ 
ever, neither approach actually tests the trainees on their learning of recogni¬ 
tion features. The prototype program intermixes learning the list of recogni¬ 
tion features for each aircraft with learning to discriminate among similar 
aircraft. Learning a list of features can be accomplished by presenting images 
of each aircraft separately and having the trainee respond with each recognition 
feature that can be seen in a given view and with the name of the aircraft. 
Discrimination learning, on the other hand, requires that the same view of at 
least two different aircraft be presented at a time and that the trainee respond 
by naming the recognition feature differences between the two and by naming 
the two aircraft. 

These two different learning requirements could be separated by requiring 
the trainees to learn the list of recognition features for each aircraft to a 
specified and tested criterion before progressing to discrimination learning 
via paired comparisons. The primary effect of such an approach may be an 
improvement in retention—particularly savings in relearning time—rather than 
a reduction in initial training time. It should be noted that retention has not 
been determined for either the traditional approach or the prototype program. 

Control of recognition feature learning could be increased in the prototype 
program, without making it a separate learning requirement, simply by con¬ 
verting the silhouette sheets into flashcards. The front of each flashcard would 
contain silhouettes of the three plan-views of an aircraft and the back would 
contain a listing of the recognition features and the name and number designation 
of the aircraft. This method has been followed in two applications of the proto¬ 
type program since the conduct of the training reported here. Flashcards have 
been incorporated into the prototype program in two ways: 

(1) Trainees have used them as references during the paired com¬ 
parison, recognition practice and review, and remedial training activities. 

(2) Trainees have used them for study on their own time. 
The flashcards might be further improved by using good quality photographic 

reproductions of those aircraft views which provide the greatest generalization 
to other views in place of the three plan-view silhouettes. Again, operationally 
critical views which provide little generalization should also be included. 

In another recent application, silhouette flashcards were used as the sole 
training medium in a coach-pupil method.1 The objective was to determine the 
degree of learning that could be achieved within a restricted (approximately 
30 hours) and relatively uncontrolled period. The test consisted of six slides 
for each of 17 aircraft, making a total of 102 slides. Trainees recorded their 
study time on prepared cards which were given to them at the beginning of the 
study. Study time per trainee averaged two hours and 40 minutes, ranging 
from one hour to five hours and 45 minutes. The average number of correct 

'The technique was used in a lest of a reduced-scale training program for use of small arms in an Air 
Defense role. The lest was performed by K.W. Kredcrickson. R.D. Baldwin, and R' bcrt J. l oskctt. 
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recognitions on the test was 21.3 (21%), ranging from 1 to 56. For a similar time 
period and with approximately the same number of aircraft, trainees in the 
prototype classroom program described in this report averaged about 42%. 
Thus, the classroom program was about twice as efficient as the coach- 

pupil program. , 
Flashcards could be used in a flexible coach-pupil program as a means of 

meeting the aircraft (and armor) recognition training required by^ATP 44-15 
(U.S. Army Air Defense Artillery Battalions), 6 November 1959 for all 
enlisted personnel during Advanced Individual Training (4 hours) and Basic 
Unit Training (4 hours). An aircraft recognition test following the flashcard 
training might then be administered to all potential ground-aireraft observers. 
The final selection for ground-aircraft observers could be made on the basis 
of performance on the test. Those who were selected could then be given the 
advanced classroom training required during Basic Unit Training. Sucha 
system would automatically select personnel with the optimum combination of 
interest and learning capability available in the unit. 

A classroom training method using projected slide imagery is not convenient 
for many types of Army units. Many units are concerned with maintaining and 
updating previously acquired recognition skills and with training occasional 
replacements. They need training materials that can be used with very small 
groups of (or perhaps single) trainees on a highly flexible training schedule. 
Their needs could be met by using printed rather than projected imagery or 
instance, an organized set of carefully developed flashcards for each critical 
learning requirement that can be used either individually or by coach-pupil 
teams. Such an approach would have to be combined with a structured training 
management system consisting of a series of achievement tests and a record¬ 
keeping system to determine and control trainee progress. These procedures, 
along with photographic reproductions of optimally selected aricraft views, 
should considerably improve the efficiency of the coach-pupil method. In fac , 
such a system might well be developed to supplement or even replace the 
classroom approach for initial recognition training. 

•This document is currently being revised, but it is understood that this requirement will also appear 

in the revision. 
•Personnel should first be screened on the basis of their far visual acuity. 
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