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Photo Interpretation Test 
Development 
Psychometric test development procedures are used to develop 
sensitive measures of P.I. performance. 

INTRODUCTION 
INTRUSION OF UNWANTED interpreter and 

imagery differences into test results is a 
classic problem in interpreter performance 
research. Differences caused by these two 
factors often overshadow the effects of the 
variables of interest. As a result, perform- 
ance differences of 15 to 20% may be found 
to be nonsignificant statistically. Increasing 

ing will correlate highly with actual test 
performance. If there is low correlation, the 
subjects will not be matched and again, low 
sensitivity may result. 

Matching of imagery, on the other hand, 
offers much greater potential for success. 
Using conventional psychometric test devel- 
opment procedures, two or more interpreta- 
tion tests of equivalent difficulty can be pro- 
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research costs make it increasingly difficult to 
justify such a lack of experimental sensitivity. 

What is the solution? One possible ap- 
proach is the use of larger samples. More 
imagery or more test subjects can provide 
greater sensitivity. Unfortunately, the ex- 
perimenter seldom knows beforehand just 
how large a sample is needed. Too large a 
sample is wasteful. 

A second possible approach involves match- 
ing. Subject groups of equivalent ability or 
imagery sets of like difficulty may be estab- 
lished before testing. Background knowledge 
or results from a pretest may be used to 
match subjects. In both cases, there is no 
guarantee that the criterion used for match- 

duced. The same subject can thus be tested 
under two or more test conditions with tests 
measuring the same parameter but unaffected 
by memory of test details. This approach 
provides the experimenter with a precise 
measurement tool which can be used for a 
variety of experiments. 

Knowing the characteristics of the tests or 
performance measure prior to experimenta- 
tion enables the experimenter to specify the 
number of test subjects needed to detect a 
given performance difference at a specified 
confidence level. This capability considerably 
reduces the resources required to conduct a 
given experiment and increases the sensitivity 
of each experiment. 



A series of experiments on interpreta- 
tion equipment and methods were planned. 
Rather than develop a new set of imagery 
and test questions for each study, a decision 
was made to produce a single performance 
measure. 

Goals and methodology for developing the 
performance measure were established after 
review of the planned study objectives and 
the relevant literature. Results of this review 
were presented in a previous report.1 The 
primary goal was to develop three equivalent 
forms of a search and identification task per- 
formance measure, each form containing 30 
to 35 questions or items. Desired reliability 
was 0.70. This would provide sensitivity suf- 
ficient to detect 10% performance differences 
with 20 test subjects. The availability of 
three equivalent forms would enable the 
same subiects to be tested under each of 
three experimental conditions. 

A secondary objective was to investigate 
the effects of image and subject differences. 
A comparison of naive and experienced sub- 
jects was of major interest. If naive subjects 
performed as well as experienced subjects, 
the subject population available for subse- 
quent use would be greatly enlarged. Image 
and target differences were of interest be- 
cause of their effect on item difficulty. 

Development of the photo interpretation 
performance measures followed conventional 
psychometric test development procedures. 
These procedures involved three major steps: 

1 )  development of an initial item pool 
containing several times as many items 
as were desired in the final versions of 
the tests; 

2 )  administration of the item pool to a 
large group of subjects; and 

3 )  statistical analysis of the performance 
data to select two or more sets of items 
which would provide equivalent per- 
formance. 

Final sets of items were selected using two 
criteria. Mean performance achieved on each 
set of items was to be approximately SO%, 
and the performance of an individual on any 
given item was to be consistent with his 
overall performance. In other words, the 
correlation between average score on an item 
and the overall score of each subject receiv- 
ing the item was high. Sets of items selected 
on these two criteria provide tests having 
maximum sensitivity with a minimum num- 

ber of test items and subjects. Further ex- 
planation of test development procedures is 
given in Reference 2. 

The first step in developing the item pool 
was to determine the types of targets to be 
used. Imagery was reviewed and a sample 
selected showing a wide variety of target 
types. Using this sample, a pretest was con- 
ducted to determine relative difficulty of 
target detection and identification. Pretest 
results were used to select the following tar- 
get types : 

1 )  NIKE missile sites: 
2 )  transformer yards; 
3 )  electronic sites; 
4 )  air strips; and 
5 )  construction sites. 

These target types provided a desired range 
of interpretation difficulty, were sufficiently 
numerous on the available imagery, and were 
considered relevant. 

A large number of imagery examples of 
the five target types were then acquired and 
analyzed. Obtained from the U.S. Air Force 
Reconnaissance Data Base at the Rome Air 
Development Center, the imagery consisted 
of 900 frames of 9 x 9 inch panchromatic 
transparencies covering various eastern U.S. 
locales. Scale ranged from 1/7,000 to 
1/21,000. Experienced interpreters located 
all of the target types on this imagery and 
classified them in terms of size, contrast, lo- 
cation on the image, and scene complexity. 
Each frame was also classified in terms of 
target density and general scene type. 

Target size and contrast were determined 
separately for each target type. In the case 
of transformer yards, for example, facilities 
having four or more banks of transformers 
were classified as large, all others were clas- 
sified as small. In the case of contrast, a sub- 
jective determination of target to background 
contrast was first made on a ten point scale. 
Examples of each target type were then 
divided into high and low contrast groups, 
each group containing approximately the 
same number of items. 

Target location on the frame was classified 
as "inner" or "outer," inner being the central 
5 x 5 inch area of the frame. High scene 
complexity indicated the presence of other 
buildings or background clutter within a 0.5 
inch radius of the target. Target density 
measured the number of targets on a frame, 
high target density indicated the presence of 
three or more targets on a single frame. Scene 
type was classified as rural, urban, or mixed. 
A rural scene was defined as a frame show- 
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FIG. 1. Distribution of target and scene variables. 

ing greater than 80% open land; an urban 
scene showed less than 20% open land. In- 
termediate scenes were classified as mixed. 

From the original sample of 900 frames, 
85 frames containing 212 targets were se- 
lected. Each target constituted a test item. 
To the extent possible, items were selected 
to provide an even distribution of target 
types, and for each target type, an even dis- 
tribution of the remaining variables. Figure 
1 shows the actual distributions obtained. 

The 85 selected frames ranged in scale 
from 1/12,600 to 1/18,000. Test subjects 
viewed fourth generation positive transpar- 
encies. These were roughly equivalent in 
image quality to USFS or USDA imagery of 
comparable scales. Ground resolution varied 
from two feet to five feet. 

A11 subjects were employees of the Boeing 
Company. A group of 40 naive subjects were 
selected as the primary sample. They were 
college graduates with no previous experi- 
ence in image interpretation or allied fields 
(flying, navigating, radar scope operation). 
For purposes of comparison, a group of 10 
experienced interpreters was also utilized. 
Members of this group had previous image 
interpretation experience, ranging from 18 
months to 23 years with a median of 5 years. 
All subjects had near vision correctable to 
14/14 or better and passed a simple test of 

tonal acuity, requiring discrimination of 16 
or more steps of a 21-step density wedge. 

Immediately prior to taking the test, each 
subject was given one hour of training on 
characteristics of the targets and practice on 
the test task. Photos and graphic abstractions 
of the targets were used as training aids. 
An experimental session lasted approximately 
eight hours and consisted of one hour of 
training and seven of testing. One session was 
required for each subject. 

Subjects viewed the imagery on light 
tables which had 10 x 10 inch horizontal 
viewing surfaces. Illumination intensity was 
set at 375 footcandles measured at 5.25 
inches. A digital counter, mounted behind 
each light table, displayed elapsed time in 
tenths of seconds and was coupled with an 
on/off switch for control of the light table. 

Subjects were trained and tested in groups 
of three. Each of the three light tables was 
placed in a separate enclosure. The experi- 
menter could view all three subjects but a 
subject could not see the other subjects or 
the experimenter. 

The test required each subject to search 
each of the 85 frames for targets. When a 
target was located, the identification and 
location of the target were recorded on a 
separate response sheet. Target location was 
reported using a 9 x 9 alphanumeric grid 
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located around the periphery of the viewing 
surface. Time data were obtained by having 
the subjects start the digital counter each 
time they began searching a frame and re- 
cord elapsed time when they finished the 
frame. 

Subjects were told that their performance 
would be scored on the basis of speed, com- 
pleteness, and accuracy. They were pro- 
vided with a 7 X  tube magnifier, sketches of 
the targets (Figure 2) ,  and a list of identifi- 
cation cues. The order of presentation of 
frames was partially counterbalanced by use 
of the Latin square. 

Scoring consisted of comparing each sub- 
ject's response with a previously developed 
scoring key. Some latitude was allowed in 
position accuracy, the amount depending on 
the particular scene. In complex scenes, 
where some doubt existed as to the object 
that the subject had seen, a maximum error 
of 0.25 inches was allowed. In rural scenes, 
0.5 inches of error was allowed. 

Each subject's response was scored as cor- 
rect, a misidentification, targets omitted or a 
false alarm (incorrect response to a non- 
target). Prior to scoring a response as a false 
alarm, an independent determination was 
made by three experienced interpreters that 
the object in question was a non-target rather 
than a target. If it was a target that had been 
missed in preparing the scoring key, it was 
entered in the key and data from other sub- 
jects were adjwted. 

For each item, data were available to 
show whether or not each subject had cor- 
rectly responded to the target. For each 
frame, data were c~vailable to show total 
time spent, correct responses, misidentifica- 
tions, targets omitted, false alarms, and the 
order in which the responses were made. 

Performance data were subjected to two 
types of statistical treatment. First, an item 

FENCE 

D 
POWER EOUIPMENT ITRANSFORMER YARD 

FIG. 2. Sketch of transformer yard used for 
training. 

analysis designed to select items for inclusion 
in final forms of the test was conducted. 
Second, Chi square analyses were performed 
to determine the effects of target and scene 
variables. 

The completeness scores for each item 
were analyzed to select items for equivalent 
forms of the search and identification test. 
The first step in the process involved calcu- 
lation of the point biserial correlations be- 
tween the subjects' total test scores and their 
responses for each item (r,,) . 

Using the calculated correlation coefficients 
and item completeness scores, a Gulliksen 
internal consistency coefficient4 and a Spear- 
man-Brown split-half reliability value2 were 
calculated. Results were in general agree- 
ment and thus the simpler split-half method 
was used in the remainder of the analysis. 

Data on the proportion of subjects passing 
each item and point biserial correlations (r,,) 
were next reviewed to eliminate items to 
which all or almost all subjects responded 
correctly or incorrectly or which had low cor- 
relation values. The reduced list contained 
88 items. The goal of the study had been to 
produce three parallel 32 item tests with a 
reliability of 0.70. With the large number of 
items eliminated, this goal could not be 
met. A decision was thus made to aim for 
development of only two parallel forms of 
the test. 

Using the 88 item test data, further item 
analysis was performed to reduce the number 
of items to 64. This item analysis used 
Gulliksens' internal consistency reliability4 
as a criterion and eliminated items which did 
not increase reliability. 

Using the technique suggested by Guil- 
ford2 for making equivalent test forms, the 
64 items were plotted to show the distribu- 
tion of r,, versus the proportion passing. 
Items which plotted close together were se- 
lected in pairs to provide the basis for as- 
signment to one of the two parallel test 
forms. Item assignment was accomplished 
so as to balance, for each form of the test, 
the mean r,, and proportion passing. In ad- 
dition, it was also necesary to assign items 
such that they appeared on different frames 
of imagery. Table 1 summarizes the test 
statistics. 

An independent or hold out group was not 
used for validation and consequently the 
calculated test reliability value of 0.84 shown 
in Table 1 is biased upward. To obtain a 
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TABLE 1. TEST STATISTICS SUMMARY 

Characteristic Form I Form I I  Total 

No. of Frames 23 23 46 
No. of Items 32 32 64 
No. of Missile Sites 4 4 8 
No. of Airfields 6 5 11 
No. of Transformer Yards 7 9 16 
No. of Construction Sites 8 7 15 
No. of Electronics Sites 
Mean Difficulty Level (proportion passing) 
Mean Point Biserial Correlation ( r., ) 
Corrected Split Half Using ~ ~ e a ; n &  Brown 0.85 0.79 0.84* 

* Upper estimate due to item selection process; final estimated reliability is 0.81. 

better estimate of reliability without the ex- 
pense of using another group of subjects, a 
reliability value based on random selection 
of the 64 test items was calculated. The 
value obtained, using the Spearman-Brown 
prophecy formula, was 0.78. Since the item 
selection process actually used would be ex- 
~ e c t e d  to ~ r o d u c e  closer correlation than that 
obtained by random assignment, an esti- 
mated reliability value of 0.81 was assigned 
to the test. 

Completeness, defined as the percentage 
of items present which were correctly identi- 
fied, was 25.3% for the original pool of 212 
test items. The remainder of the items were 
either not found or were misidentified. 

Seven Chi Square analyses were ~erformed 
on completeness scores (Reference 3, p. 629). 
Because these analyses were not the primary 
objective of the effort, unequal and some- 

times small numbers of observations occurred 
in the different experimental conditions. 
Therefore, in order to have sufficient data 
for reliable analysis of a variable, it was 
necessary to analyze the data in different 
combinations and arrangements. Table 2 lists 
the analyses performed. 

This approach inflates the chance of find- 
ing significance and, with the procedures 
used, tends to produce significant interactions 
which may have little practical meaning. For 
statistically significant interactions, it was 
sometimes necessary to refer back to the 
actual target images used in order to deter- 
mine whether the interaction had any prac- 
tical significance or occurred simply because 
of the specific target images utilized or the 
manner in which data were combined. The 
reader is therefore cautioned to keep in mind 
the limitation of the data analysis procedures, 
and to recognize that the analysis was not 
an end in itself but was simply a supplement 

TABLE 2. CHI SQUARE ANALYSES OF COMPLETENESS SCORES 

Analysis Primary Variables Secondary Variables 

1 Complexity and Size Subject Type, Target Type 
( Transformer, Construction, Electronic Data Only ) 

2 Size and Contrast Subject Type, Target Type 
(Transformer, Construction, Electronic Data Only) 

3 Location and Size Subject Type, Target Type 
(Transformer, Construction, Electronics, Missile 
Site Data Only) 

4 Location and Complexity Subject Type, Target Type 
( Transformer, Construction, Electronic Data Only ) 

5 Density and Location Subject Type, Target Type 
(Transformer, Construction, Electronic, Air Strip 
Data Only) 

Density, Location and Scene Subject Type 
Type 
Comulexity, Location, Size and Subject Type 
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FIG. 3. Effects of experimental variables on completeness scores. 

to the development of a test. Chi Square 
analysis indicated that the main effects of 
all independent variables on completeness 
were statistically significant at the .O1 level. 
Had a ,005 level of confidence been applied, 
all but the subject difference effect would 
have shown significance. A summary of com- 
pleteness score differences produced by each 

of the independent variables is shown in 
Figure 3. 

A number of significant ( p  < .01) interac- 
tions among the independent variables were 
found and these are summarized in Table 3. 
In all of the analyses in which target type 
was a variable, a significant three factor in- 
teraction occurred with two other variables 

TABLE 3. SUMMARY OF SIGNIFICANT COMPLETENESS INTERACTIONS* 

Two-Factor Three-Factor Four-Factor 
lntemction Interaction kteraction 

Target Type X Size 
Target Type X Contrast 
Target Type X Location 

Target Size X Complexity 

Target Location X Complexity 

Target Location X Density 
Target Location X Scene Type 

Type X Size X Contrast 
Type X Size X Complexity 
Type X Size X Location 
Type X 
Location X Complexity 
Type X 
Density X Location 
Size X Complexity X 
Contrast 
Size X Complexity X 
Location 
Size X Contrast X 
Location 

Size X 
Complexity X 
Contrast X 
Location 

Location X Contrast -. 
Complexity 

* All interactions significant at 0.01 level. 
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describing target or scene characteristics. 
Target size, location, contrast, complexity, 
and density were included in these three 
factor interactions. The existence of these in- 
teractions suggests that the variables used 
to describe target characteristics were not 
uniformly effective. 

In several instances, a particular target type 
interacted with another variable, producing 
results contrary to those found in the tests 
of main effects. For example, performance 
was better on small rather than large con- 
struction sites, and better on low rather than 
high contrast transformer yards. For large 
construction sites, performance was better on 
low contrast than high, the same reversal 
occurred for small transformer yards. 

A review of these data led to the follow- 
ing observations regarding the effects of the 
target descriptor variables. Target size was 
an effective means of classifying target diffi- 
culty for transformer yards and electronic 
sites. It was not effective for missile sites 
and no data were available on airfields. The 
failure on missile sites was most likely due to 
a restricted size range. For construction sites, 
results were apparently confounded by con- 
trast. Large construction sites tended to be 
of relatively uniform contrast, this contrast 
was somewhat lower than that found for 
many small construction sites. 

Target contrast was an effective predictor 
of difficulty only for electronic sites. Con- 
founding with size occurred for construction 
sites. Transformer yards apparently had an 
insufficient range of contrast. No data were 
analyzed for missile sites and airfields be- 
cause of insufficient examples. 

On an overall basis, target complexity 
proved to be an effective predictor of target 
difficulty. Large transformer yards were one 
exception. Again, no data were analyzed for 
missile sites or airfields. 

The interaction of target density and loca- 
tion, which showed higher performance for 
construction sites on the outer portion of the 
imagery, could not be explained from the 
data. Target location was generally ineffec- 
tive as a predictor. At least one significant in- 
teraction was found for every target type and 
every target descriptor variable. 

Scene type was not analyzed in conjunc- 
tion with target type. Performance was sig- 
nificantly better on rural than urban or mixed 
urban and rural scenes. Part of this effect was 
due to the fact that 10 of 14 missile sites and 
15 of 20 airfields were found on rural scenes 
and part was probably due to the fact that 
45 of 54 targets found on rural scenes were 

classified as low complexity. The question of 
whether scene type or complexity is the pri- 
mary factor could not be resolved from the 
data. 

Performance differences between the naive 
subjects and the experienced were statistically 
significant (.01 level) but small. None of the 
interactions of subject experience with other 
variables in the Chi Square analyses were 
statistically significant. This indicates that 
naive and experienced subjects generally re- 
acted the same way to the variables which 
affected interpretation difficulty. 

Accuracy, the percentage of responses 
given which were correct, averaged 75.4% 
for the pool of 212 items. False alarms were 
the primary source of error, 23.2% of all re- 
sponses were false alarms. Only 1.4% of the 
responses made were scored as misidentifica- 
tions. 

Of a total of 863 wrong responses, 47 were 
misidentifications. The proportion of mis- 
identification to right responses for each tar- 
get type ranged from .002 to .032. 

A Chi Square test showed these propor- 
tions were significantly different at the .O1 
level. The lack of similarity among target 
types suggests that many of these errors re- 
sulted from faulty recording rather than 
identification. 

The proportion of false alarms to correct 
responses for each target were: 

1)  Transformer Yards-.I42 
2 )  Construction Sites- .224 
3)  Electronic Sites- .415 
4) Airfields- .189 
5 )  Missile Sites- .031 

Target type had a significant effect on false 
alarm rate. 

Experienced subjects were more accurate 
than naive subjects. Mean accuracy was 
80.5% for experienced subjects, 74.1% for 
naive subjects. Differences in misidentifica- 
tion rates were slight; 1.1% for experienced 
and 1.5% for naive subjects. Naive subjects 
did show a significantly higher false alarm 
rate: 24.5% of their responses were false 
alarms versus 18.4% for experienced subjects. 

False alarms rates were also examined to 
determine the effects of scene type and 
density. Scene type/density had a significant 
(.01) effect on false alarm rates as shown in 
Figure 4. Greater proportions of responses 
were false alarms on low density urban and 
mixed scene types. These resl~lts indicate 
that subjects provided responses even when 



no, or fewer, targets were present. Results 
also suggest that there were a greater num- 
ber of false alarm-producing objects in urban 
and mixed urban/rural scenes than in rural 
scenes. 

A record was maintained of the time re- 
quired by each subject to complete each 
frame of imagery. These time data were 
analyzed to determine if any relationship 
existed between time spent on a frame and 
performance (completeness and accuracy). 
No such relationship was found. 

Data on the order in which imagery was 
viewed were also analyzed to determine if 
performance varied over the six to eight hour 
testing session. The only effect of order was 
a general reduction in the amount of time 
spent per image. There was no corresponding 
variation in completeness or accuracy scores. 

Finally, data concerning the order in which 
targets on a given frame were reported were 
reviewed. The objective was to determine if 
some targets consistently "stood out'' and 
thus were reported first. It was found that, 
because of the low overall performance, in- 
s d c i e n t  data were available to perform an 
analysis. 

CONCLUSIONS 

Results of the test development effort pro- 
vided only two parallel forms of a search and 
identification performance measure. The goal 
of three equivalent forms was not met. This 
failure was due, at least in part, to un- 
anticipated low scores for three of the target 
types tested. Pretesting had shown higher 
scores for these targets; lowering of scores 
in the actual test may have been due to sub- 

ject, image quality or target difficulty differ- 
ences. Reduced image quality, resulting from 
two contact printing operations, appears the 
most likely cause. 

Reliability of the two parallel forms was 
found sufficient to discriminate small per- 
formance differences. Figure 5 shows test 
sensitivity as a function of number of sub- 
jects. Results were considerably better than 
the design goal of the study (10% difference 
with 20 subjects). Improvement in test sensi- 
tivity begins to level off with about 10 sub- 
jects. Even with 5 subjects, performance dif- 
ferences of 10% can be detected at  the 95% 
confidence level. 

The effort also produced a considerable 
amount of data on factors affecting test item 
difficulty. Aside from target type, measures 
of scene complexity had the greatest effect 
on performance. Scene type (urban, rural, or 
mixed) and background complexity tended 
to measure the same condition (or situation) ; 
low complexity backgrounds were seldom 
found in urban scenes. In either case, the 
results indicate that the subjects had di5- 
culty in separating targets from a complex 
background. The lowering of performance 
found with high density target scenes sug- 
gests that subjects discontinued their search 
after finding one or two targets, even though 
more might have been present. 

Target size, location and contrast produced 
less of an effect than the complexity variables. 
The location variable was confounded with a 
resolution difference and thus its effect can- 
not be attributed to a search pattern de- 
ficiency, although such a deficiency may 
have existed. Resolution in the center of the 
image was approximately 202 higher than at 
the edges. The target size and contrast vari- 
ables produced major performance effects 
only oh certain targets.- he lack of effect 
for other targets appears to have been largely 

o 6 due to the lack of a strong distinction along 
the dimensions of the variable. In any case, 

W 
z the small performance effect exerted by these 
d variables (4%) indicates that it is not neces- 
LL , 0.4 sary to limit application of the performance 
W measure. 
m 

5 One objective of the program was to de- 
4 termine whether or not naive instead of ex- 
; 0.2 
m 

perienced subjects could be safely used in 
1 
4 subsequent studies. Although there was a 
Y small and significant experience effect, none 

of the experience interactions with target 
type and image difficulty were significant. 

HIGH LOW 
DENSITY DENSITY It thus appears safe to conclude that, in tasks 

FIG. 4. Scene type and target density effects on where subjects are required to search for 
false alarm rate. relatively distinctive targets, briefly trained, 
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FIG. 5. Test sensitivity using one and two-tailed t test. 

naive subjects can do about as well as ex- 
perienced subjects. This conclusion, however, 
must be qualified in three ways: 

1) Experienced subjects used in the study 
were not all working P.I.'s. They were 
probably representative of an experi- 
enced group to be found in a large 
aerospace firm but not in a working 
P.I. organization. 

2) The experienced subjects did not nec- 
essarily have any experience in search- 
ing for the targets used in the study. 
Most probably did not. 

3) The naive subjects were volunteers, 
their motivation was thus presumed to 
be relatively high. 

Under these conditions, results indicate the 
feasibility of developing parallel forms of a 
search and identification test for use with 
naive subjects. 

The test which has been developed will 
be utilized in forthcoming studies of displays 
and image quality, and will provide much 
greater sensitivity than that found using other 
experimental approaches. It is estimated that 

the availability of the test will directly save 
500-700 man hours each time it -is used. 
Preparation costs will be recovered after 
three applications. 
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Price t o  Price to  

Members Nonmembers 

1220 pages in 2 volumes, 878 illustrations, 
80 authors. ( Sold only in sets of 2 volumes ) $22.50 

Manual of Color Aerial Photography 

550 pages, 50 full-color aerial photographs, 16 pages 
of Munsell standard color chips, 40 authors $24.50 

Send orders, or requests for further information to 

ASP, 105 N. Virginia Ave., Falls Church, Va. 22046 


