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Z; ABSTRACT

LIJ The psychometric properties of performance tasks are
U1 influenced by many variables, e.g., task demands, sensory
ol modality tested, requirements for transfer of skills or new

cii 0 learning, and the subject's output response. Previously, we
3 administered two Addition Tasks, where each problem required

mentally summing three two-digit numbers. The format, spatial
Slayout, and problem characteristics were similar; however, each

0 M task required a different output response (writing each answer on
= % paper versus entering each with number keys on the top row of the
tn c computer keyboard). Although we gave subjects "touch typing"
J 0 practice on the number keys, subjects responded 65% as fast on

M Cn the automated task and its differential stabilities were less.
0.. - To overcome the limitations of the computerized Task, we

DI developed another Addition Task for computer administration that
2 z required only a dichotomous response ("Right" or "Wrong")
< I~ Problem format was similar to earlier versions, except each

UI problem had a suggested sum and it was wrong on 50% of the
problems. Subjects mentally calculated each sum, determined if

>_ each suggested sum was right or wrong, and entered their answer
, on the keyboard.

Recently, we evaluated the three tasks in a study which
U-1 , manipulated environmental stressors. The first computer task,
w ~ requiring entry of the sum with the number keys on the computer,

was psychometrically inferior to the other two. The second
ZI computer task was superior to even the paper and pencil taskCX t

L I although its problem solving rate was 20% lower. These results
40- W demonstrate how relatively subtle differences in the response
3-m-5 requirements of a task may dramatically influence its

psychometric properties. Such findings suggest that traditional
measures of neurological, cognitive, or perceptual status must be
implemented cautiously on alternate media.
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"Technical advances in personal computers make them very
useful for automated testing of questionnaires, personality
inventories, and performance tasks. When traditional assessment
instruments are adapted for administration by computer, changes
in task characteristics or output responses are sometimes
inevitable. For example, writing numbers on a paper and pencil
task versus entering them with number keys on a task administered
by computer. Hence, implementing tasks on the computer may
change their psychometric properties. Testing tradition implies
that the computerized instrument should be validated. Indeed,
recent evaluations with systematic criteria suggest such caution
is warranted (Bittner, Carter, Kennedy, Harbeson, & Krause, 1986;
Bittner, Smith, Kennedy, Staley, & Harbeson, 1985; Farrell, 1983,
and Smith, Krause, Kennedy, Bittner, & Harbeson, 1983).

Recently, we adapted a paper and pencil Addition Task for
administration on a portable computer. We found that it seemed
insensitive to experimental effects and its response rate was 65%
of that for the paper and pencil task. Therefore, we developed
another Addition Task to overcome these shortcomings. The
purpose of this investigation was to determine the psychometric
properties of three Addition Tasks with different response
requirements. b•

METHOD

Subjects --- Tenty medical research volunteers from Fort Detrick,
MD, and the Natick, MA, Research Development and Engineering
Center were subjects. All were given physicals; no subjects had
medical histories that would contraindicate altitude and cold
exposure. Human subjects participated in these studies after
giving their free and informed voluntary consent. Investigators
adhered to AR 70-25 and USAMRDC Regulation 70-25 on Use of
Volunteers in Research.
Psychometric Instruments --- Three Addition Tasks were evaluated
(see Figure 1). All tasks were timed and required summing three
two-digit numbers to solve each problem; however, the output
response differed for the three tasks. The administration medium
also differed for some.

The P-SUM Addition Task was a traditional papr and pencil
task, generated by computer (Carter & Sbisa, 1982), with 60
problems per page. A subject could change an answer anytime
during the testing interval.

The C-SUM and C-RorW Addition Tasks were administered on a
GRiD Compss portable computer with a high contrast electro-
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luminescent display. The spatial arrangement of the 40 problems
per display for these tasks was similar. The C-SUM task required
entering each three-digit sum with the number keys on the top row
of the keyboard. The cursor's position below a problem prompted
for the sum's digits in a specific order. The rightward digit of
each sum was entered first, then the leftward, and finally the
center digit. An arithmetic or entry error could not be changed
after a digit was entered on the keyboard.

The C-RorW Addition Task presented a suggested sum for each
problem which was wrong on 50% of the problems. Subjects
mentally calculated each problem's sum and decided if each
suggested sum differed from the correct sum. The task was
programmed for deviations of +1 in the 100, 10, or 1-digit of the
sums on 2.5, 45, or 2.5% of all problems, respectively. Subjects
pressed the 'F' or 'G' key if the suggested.sum was correct; they
pressed the 'H' or 'J' key if it was wrong. Like the C-SUM task,
a response could not be changed after a key was pressed.
Procedures-- -This study was part of a larger investigation to
determine if an amino acid, tyrosine, prevents some of the
adverse behavioral effects induced by environmental stressors.
Specifically, on three occasions two groups of 100subjects were
exposed to 4700 m of simulated high altitude and 17 C for 7 h and F

investigated with a repeated-measures design. Conditions were
blinded as to administration of placebo and tyrosine (85 mg/kg
and 170 mg/kg). Two other 8ccasions, subjects were given placebo
and tested at 500 m and 22 C. Before the experiment, subjects
practiced each task 15 times (4 min per administration).
Subjects were trained to work quickly with less than an 8% error
rate. Feedback was given during training to facilitate rapid
acquisition of the tasks and enhance motivation.

During experimental testing, subjects also performed each
task for 4 min. Physiological and biochemical measures and an
extensive symptom, mood, and performance battery werr
administered 90-420 min after ascent to simulated high altitude.
The Addition Tasks were administered from 320-350 min,
immediately after the third blood sample. The tasks were always
investigated in the same order: C-RorW, P-SUM, and C-SUM. Map
Compass, another task that we developed, and Number Comparison
(Carter & Sbisa, 1982) were administered before and after the
P-SUM task, respectively, to separate the three Addition Tasks.
Sea level performance values were the average of the two sessions
at 500 m; 4700 m values were from the day when the placebo was
given to each subject.

Performance on each task was specified as number of problems
correct per minute. To discourage careless responding, each
error was doubled in the calculation of this index. To determine
task sensitivity, a z score was calculated for each task,
reflecting both the magnitude and variability of measured
altitude effects. To obtain another estimate of the relative
sensitivities of the tasks, z scores (altitude effects) for each
task were calculated for 10 samples randomly resampled from the
original subject population. Each sample (N - 10) was drawn
without replacement; however, the parent population (N - 20) was
always reconstituted before another sample was selected.



RESULTS

Figure 2 shows scatterplots with correlation coefficients
relating each Addition Task with each other task gor the sea
level + 22 C (500 m) and simulated high altitude + 17 C (4700 m)
conditions. High altitude conditions produced significant
impairments in performance on all three tasks (p < .0001) which
were usually evident in the scatterplots as a -leftward and
downward displacement of data points for the 4700 m condition.
All correlations in Figure 2 were statistically significant. The
C-RorW task was consistently more highly correlated with the
P-SUM task for both environmental conditions than the C-SUM task
was. The two computerized versions of the Addition task were
more similar to each other for both environmental conditions than
either was to the P-SUM task. Performance rates differed on the
three tasks; the C-SUM task produced the slowest rates.

Table I shows characteristics of the three Addition Tasks
for the 500 and 4700 m conditions. Performance rates were
greatest for the P-SUM task. At 500 m, rates on the C-RorW task
were 80% as great; those on the C-SUM task were 60%.
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Figure 1. Sample problems, Figure 2. Scatterplots re-
administration media, and lating performance for each
output responses for three Addition Task with every
Addition Tasks. other task at sea level + 22 C

and 0simulated high altitude
+ 17 C conditions.



CHARACTERISTICS OF ADDITION TASKS AT S0 AND 4700 M

CITEION STATISTIC E;M sm £E

SI0 M
BASELINE RATES MEAN 12387 7.97 10.11
(CORRECT/MIN) SIGMA 4.23 3.38 3.49

MINUTES PRACTICE MEAN S20 s4o S20 NORMALIZED ALTITUDE EFFECTS
(4 MIN/ADMIN)

TASK DEFINITION PEARSON r >0.8S >0.72 >0.8S MUM O;- -rgrW P-SUM C-5 C-RorW
(ADMINS 5 & 6) 3 2 1 -1.12 -1.26 -1.64

RELIABILITY PEARSON r 0.76 0.70 0.93 3 2 1 -0.80 -0.96 -1.15
(4700 VS 20 M) 2 3 1 -1.06 -0.87 -1.312.5 2.3 1 -1.10 -1.30 -1.56

2 3 1 -1.24 -0.85 -2.04
4700 M 1 2 3 -1.75 -1.65 -1.$4

3 2 1 -1.42 -1.73 -1.82
ALTITUDE EFFECT MEAN -. 39 -2.22 -2.63 3 1 2 -1.17 -1.69 -1.57
(A CORRECT/MIN) 2 3 1 -1.29 -1.20 -1.19

SIGMA 1.97 1.8S 1.84 1 2 3 -1.55 -1.12 -1.06

z SCORE -1.22 -1.20 -1.43 2:10 1:10 7:10 PROPORTION WITH LARGEST EFFECT

Table I. Psychometric char- Table II. Sensitivities of
acteristics of three Additign three Addition Tasks deter-
Tasks for sea level + 22 C mined with data resampled
ang simulated high altitude + from the original subject
17 C conditions. population.

Variability was also greatest for the P-SUM task; it was less for
the two computer administered tasks. The C-SUM task required
twice as much practice as the other tasks to achieve comparable
task stability (> .80). Task reliability for the experimental
and control administrations was greatest for the C-RorW task.
Task definition (test-retest reliability) was greatest for the
P-SUM and C-RorW tasks. Table I also shows the mean altitude
effects and standard deviations for each task. The C-RorW task
was the most sensitive task as inferred from z score magnitudes;
the P-SUM and C-SUM tasks were less sensitive.

Table II shows z scores and their ranks (1 = most sensitive)
from our resampling procedure. With 10 samples, P-SUM was most
sensitive twice, C-SUM was once, and C-RorW was seven times.

DISCUSS ION

Performances on three Addition Tasks with differing response
requirements were. compared under control and stressful
environmental conditions. This study demonstrated that our first
computer implementation of a useful paper and pencil task (P-SUM)
resulted in an automated task (C-SUM) with lower response rates,
reduced sensitivity to experimental effects, less task
definition, and greater practice requirements. It is of interest
that this Addition Task is currently implemented in varied
performance batteries. We suspect that entering numbers on a
comput@ kqboard was awkwprd and oufcqmgatibje With rapid
respongng since fewof our subjects cou t type.
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To overcome the limitations of the initial computerized
Addition Task, we developed a second Addition Task (C-RorW) which
required a dichotomous response. Although the problem solving
rate of the second computerized task was less than expected, its
sensitivity and other psychometric properties were superior to
the paper and pencil task. We suspect our second computerized
task was more sensitive because it was more abstract and complex,
e.g., subjects determined the sum for each problem, compared it
to the suggested sum, and decided which response key to press.

Implementation of an Addition Task with an appropriate
subject output response produced a computerized task that was
psychometrically superior to its paper and pencil counterpart.
In contrast, choice of the traditional output response for our
first computerized task yielded the task that was the most
inferior. These data illustrate the importance of evaluating
tasks when they are changed or adapted to alternative media.
They also demonstrate how relatively subtle differences in the
response requirements of a task may dramatically influence its
psychometric properties. Such findings suggest that traditional
measures of neurological, cognitive, or perceptual status must be
implemented cautiously on alternative media.
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