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SUMMARY PAGE 

THE PROBLEM 

Advances in engineering technology generate new environments for the 
human operator. A most important question is whether these environments will 
disrupt performance. The problem is complicated by the fact that operators 
often remain in their environments for extended periods of time.  Even though 
performance test batteries have been previously developed, none have been 
appropriately standardized for extensive repetitions.  To this end, an ex- 
perimental program has been initiated for developing a Performance Evaluation 
Test for Environmental Research at the Naval Biodynamics Laboratory. 

FINDINGS 

This study is the first in a program to develop a battery of Performance 
Evaluation Tests for Environmental Research (PETER). Nineteen volunteer 
subjects were tested daily for 3 weeks on a complex task requiring the operator 
to keep simultaneous track of several things with changing states. Average 
daily performances are reported as well as reliabilities of three main types: 
(1) internal consistency of the test; (2) sensitivity-the ability to differen- 
tiate subjects, and (3) stability-consistency of measurement over repeated 
sessions.  The results showed that, on this task, learning was accomplished 
quickly, and performance stayed level for 3 weeks.  The cross-trial reli- 
ability for this test was found relatively stable after 3 d of practice, with 
a decline of only r=.94 to r=.79 over 11 d.  This task is further noted as 
having several characteristics which make it particularly suitable for use in 
environmental research. 

RECOMMENDATIONS 

It is concluded that the complex counting test can be recommended for use 
in environmental and other time-course research. 
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formance evaluation tests for environmental research (PETER): 
Complex counting task. Aviat. Space Environ. Med. 51(2): 
142-144,  1980. 

This study is the first in a program to develop a battery of 
Performance Evaluation Tests for Environmental Research 
(PETER). Nineteen volunteer subjects were tested daily for 3 
weeks on a complex task requiring the operator to keep simul- 
taneous track of several things with changing states. Average 
daily performances are reported as well as reliabilities of three 
main types: 1) internal consistency of the test; 2) sensitivity—the 
ability to differentiate subjects, and 3) stability—consistency of 
measurement over repeated sessions. The results showed that, 
on this task, learning was accomplished quickly, and perform- 
ance stayed level for 3 weeks. The cross-trial reliability for 
this test was found relatively stable after 3 d of practice, with a 
decline of only r=.94 to r=.79 over 11 d. This task is further 
noted as having several characteristics which make it particularly 
suitable for use in environmental research. It is concluded that 
the complex counting test can be recommended for use in en- 
vironmental and other time-course research. 

ADVANCES IN ENGINEERING technology gen- 
erate new environments for the human operator. 

A most important question is whether these environ- 
ments will disrupt performance. The problem is compli- 
cated by the fact that operators often remain in their en- 
vironments for extended periods of time. Even though 
performance test batteries have been previously de- 
veloped, none have been appropriately standardized for 
extensive repetitions. To this end, an experimental pro- 
gram has been initiated for developing a Performance 
Evaluation Test for Environmental Research (PETER) 
at the Naval Aerospace Medical Research Laboratory 
Detachment (5). A complex counting task containing 
many of the task characteristics identified as important 
for environmental time-course studies (5) was selected 
as the first in a series to be studied for possible inclusion 
in PETER. This task was reviewed by Kennedy and 
Bruns (7) and was expected to have minimal changes 

The opinions are those of the authors and do not necessarily 
reflect those of the Department of the Navy. 

From Naval Medical  Research and Development Command 
Work Unit MF58.524-002-5027. 

in mean performance over trials. However, the effects of 
practice on the standard deviation and on reliability 
were unknown. The present investigation was directed 
at characterizing the effects of extensive practice on av- 
erage performance, variance, and reliability. 

MATERIALS AND METHODS 
Subjects: The subjects were a group of 19 Navy en- 

listed men, ages 19-24, who had served as volunteer re- 
search subjects since induction into the Navy (approxi- 
mately 18 months). All volunteer subjects were re- 
cruited, evaluated, and employed in accordance with 
procedures specified in Secretary of the Navy Instruction 
3900.39 and Bureau of Medicine and Surgery Instruc- 
tion 3900.6. These instructions are based upon volun- 
tary informed consent, and meet provisions of prevailing 
national and international guidelines. Although repre- 
sentative of the enlisted Navy population in size and in- 
telligence, subjects were mentally and physically 
screened to be qualified for hazardous duty environ- 
mental research. Subjects were under continuous medi- 
cal supervision. They were physically fit and well moti- 
vated to perform. For a detailed description of the se- 
lection procedure, see Thomas, Majweski, Ewing, and 
Gilbert (9). 

Apparatus and Procedure: Three tones were recorded 
and played back on a Teac Model A-4010SU reel-to- 
reel tape recorder with a Realistic SA 101 Solid State 
Amplifier. The tones (100 Hz, 900 Hz and 1800 Hz) 
which regularly occurred 5, 6, and 8 times/min, re- 
spectively, appeared random to the subjects. The record- 
ing was produced using three cams attached to a con- 
stant-speed, 1 r.p.m. motor and is described in detail 
elsewhere (4). The auditory signals were heard by the 
subjects through Realistic NOVA 10 Stereo Headphones 
at a comfortable listening level (ca. 60 dB). Subjects, 
seated at desks, held switches with three buttons marked 
Low (L), Middle (M), and High (H) to correspond to 
100 Hz, 900 Hz and 1800 Hz tones, respectively. Sub- 
jects' responses for the "L" and "M" buttons were re- 
corded on instrument chart paper on a Techni-Rite Elec- 
tronics Recorder set at a tape speed of 1 mm/s. The 
subjects were tested for  15 consecutive weekdays in 
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groups of four. In the initial experimental session, they 
heard taped instructions and were then given a 5-min 
practice period and required to count the occurrence of 
the low tone only, pushing the response key marked 
"L" after every fourth low tone. This was performed in 
order to be certain that the subjects understood the task 
before continuing. For the 15-min experimental session, 
the subjects were then instructed to continue to monitor 
the low tone but also to push the "M" button after they 
counted every fourth middle tone; and continue to ig- 
nore the high tone. This is referred to as Two-Channel 
Monitoring. On subsequent days, the subjects were given 
a 1-min warm-up on both tones, followed by a 15-min 
experimental period. Percent correct scores were ob- 
tained for each subject for each of three 5-min segments 
(4). 

RESULTS 
The data from this study were analyzed in two phases. 

During the first phase, an analysis of variance 
(ANOVA) of mean percent correct performance was 
conducted, and studies of changes of the percent correct 
mean and standard deviations were made by graphical 
analysis. These analyses were performed in order to ex- 
amine the simple effects of practice on the mean and 
standard deviation. During the second phase, the effect 
of practice on the reliability of the test was made by 
graphical analyses. The results from the two phases of 
analyses are described below. 

Effects of Practice on Mean and Standard Deviation: 
The effects of practice on mean percent correct are de- 
picted graphically in Fig. 1. A subjects-by-days ANOVA 
with one observation per call showed a nonsignificant 
day (practice) effect, (p=0.5). Fig. 1, which shows 
mean percent correct over trials, gives visual confirma- 
tion of the ANOVA result that practice had no signifi- 
cant effect on mean percent correct performance. It 
should be noted that there was also a very highly sig- 
nificant subjects effect (p<0.005). This factor, coupled 
with the inter-day reliabilities discussed later, suggests 
a very useful test over 15 day's praotice, with over 77% 
of the explained variation accounted for by this effect. 
However, reliability estimates from the subject effects 
are only valid if the standard deviations of performance 
over trials are constant and correlations between differ- 

STANDARD   DEVIATION 
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Fig. 1. Mean percent correct and standard deviations over 15 d 

on a complex counting test (N — 19). 

ent trials are constant (10), conditions not usually met 
(1,3,11,12). The effects of practice on the standard de- 
viation of subjects' performance are shown in Fig. 1. 
It may be seen that the standard deviation about mean 
subject performance appears level over sessions. This ob- 
servation is statistically confirmed by the nonsignificant 
ratio of the squares of the largest and smallest squared 
standard deviation (F-MAX = .71, p<0.10). The find- 
ing of nonsignificant changes in standard deviation par- 
allels that for mean performance and indicates no prac- 
tice effects over the extent of the experiment. 

Effects of Practice on Reliability: Table I gives the 
correlations between all pairs of days across 15 d of 
practice. Examining this table, it may be noted that re- 
liabilities tend to decline in magnitude as one progresses 
to the right of the superdiagonal correlations (ri2, 
T23, r24, etc.), in any row. This falloff is illustrated 
in Fig. 2, where slight downward trends are observed 
for the correlation between selected base days (1, 2, 4, 
9, and 13) and those that follow. This figure is most 
meaningful when considering the reliability of the test 
with differing amounts of practice before data collection 
formally begins (1). In particular, Fig. 2, indicates that 
base reliabilities for Day 1 tend to be less than those 
for Base Day 2, and those for Base Day 2 are less than 

TABLE I. CORRELATIONS OF PERFORMANCE OVER 15 d OF PRACTICE. 

Days  2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1   .70 .61 .65 .60 .64 .78 .55 .76 .78 .60 .53 .50 .51 .59 
2 .88 .83 .86 .70 .81 .76 .82 .80 .78 .69 .76 .66 .61 

3 .81 .89 .71 .79 .86 .87 .75 .79 .75 .82 .74 .58 
4 .94 .88 .87 .87 .85 .86 .85 .86 .80 .79 .79 
5 .88 .86 .92 .84 .84 .84 .89 .82 .80 .74 
6 .83 .76 .78 .79 .76 .92 .69 .74 .80 
7 .85 .88 .87 .78 .79 .78 .76 .69 
8 .79 .79 .76 .83 .84 .83 .66 
9 .86 .82 .81 .78 .73 .71 
10 .71 .79 .65 .69 .78 
11 .72 .81 .58 .63 
12 .77 .85 .78 
13 .83 .63 
14 .80 
15 
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Fig. 2. Relationships between correlations for selected base 
days (1, 2, 4, 9, and 13) over 15 d on a complex counting 
test  (N  =   19). 

If only the average mean performance or composite re- 
liability were used, as suggested by many authors (2), 
the above relationship with practice would not have been 
discovered. Because the reliabilities are high and rela- 
tively stable over following days, it is felt that this task 
is suitable for PETER provided that there be three or 
four practice sessions, and the number of environmental 
exposures be limited to 6 or 7 d. 

In concluding, it is pertinent to note that the complex 
counting task has been found sensitive to environmental 
effects in other studies (8) and that it is portable, in- 
expensive, and easily administered (7). Considering 
these factors, coupled with the stabilities found above, 
the complex counting test can be recommended for en- 
vironmental research and time-course investigations. 

for Base Day 4; however, Base Day 4 reliabilities are 
greater than those of Base Day 9, and those for Base 
Day 9 are greater than for Base Day 13. These findings 
indicate that giving increasing amounts of practice be- 
fore beginning formal data collections will result in in- 
creased overall reliability, but only up to some point. 
After reaching this level of performance, a loss occurs 
due to some aspect of this task. Further examination of 
this figure shows that, with the possible exception of 
Base Day 13, more or less parallel trends in correlation 
decline are seen. This suggests that, regardless of the 
amount of pretraining on the task, the rate of loss of 
reliability will be the same. Additional statistical study 
is needed, however, to delineate the functional relation- 
ship between base day, trials and resultant reliability. 

DISCUSSION 
No effects of practice on the mean and standard de- 

viation of performance were observed in the present 
study. Although cross trial drops in reliability were seen 
to occur, they were generally less than what have been 
found with other tasks investigated by a similar para- 
digm (6). For example, precipitous drops in reliability 
from about r= .90 to r=.00 with separation of four trials 
were shown for a time estimation task. Overall, the com- 
plex counting test possesses mean, standard deviation, 
and relative differential stabilities. It should be noted 
that modest amounts of practice appear desirable before 
using the present task in long-term investigations. This 
is because the reliability trace was seen to maximize af- 
ter only 3 d of 15-min practice sessions where the sub- 
sequent cross trial reliability fell from about r=.94 to 
r= .79 over 11 d. It is noteworthy that these findings only 
came to light when the day-to-day reliabilities were 
graphically followed for purposes of observing trends. 
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