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ABSTRACT ’

. ~ The basic problem with performance testing In exotic i ' [ cuney
i environments is the general unwillingness of tuvestlha-
- i tors to take the time to standardize a test battery. I
Many other problems exist and are obvious to all who ] ‘ o

have tried to measure performance under usual and un- /’ { g

usual enviromnmental conditions. It is the purpose of
this paper to set forth some of the problems that have

' grown out of our experiences and which we feel have not
been extensively commented upon in the research litera-
ture, and.also to describe our plan for solution.

Preface

, The present plan is a simple one: The literature will be searched for human per--
3 formance tasks which have been shown to degrade under motion (vibration and ship
18 motion), during thermal exposure, and under pressure. The performances that
meet these first criterla will be categorized as cognitive (decision making, in-
& formation processing, judgment), motor (tracking, reaching), etc., and a taxonomy
: of performances will be developed. Additionally, each performance task will be
evaluated in the following way: 20 subjects will be tested 10 times (5 days/ y
week for 2 weeks) to determine three types of reliability: iunternal consistency, .
the accuracy and sensitivity to separate individuals, and the stability of this 1
accuracy and sensitivity over repeated testing. Performances on these tasks will
. be compared to scores on other tests of mental functions. Progress to date will
! be reported.

3:, The National Aeronautics and Space Administration, the Advanced Research Project
| Agency, the Navy (via the Office of Naval Research), and the Bureau of Medicine
l . and Surgery have funded several studies (see Kennedy, 1977 for a review) which

| have nearly all made very similar points regarding the standardization.of a per-
! formance test battery for assessment of environmental stressors. In the mailn,

1 test batteries have been proposed, particularly factor analyzed batteries, but

Q rarely have normative data been collected and never have practice effects been
studied effectively.

The original title for the present paper was very broad and included all Navy

R & D concerning performance. We intend, however, merely to present how the
Naval Aerospace Medical Research Laboratory Detachment plans to reseavch the

: general area, with specific application to our interests i{n the effects of ship
motfon or performance. It should be noted that, in addition to the human per-
formance R & D alrcady presented at this symposium by various members of the Navy
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Personnel Research and Development Center, complementary programs also exist
within the Fngineering Psychology Programs of the Office of Naval Research and
within the Human Effectiveness Programs c¢f the Naval Medical Research and Develop-
ment Command. ‘

L INTRODUCTION

Casual observation over several years of performance testing and a comprehensive \
reading of over 400 "human performance studies" in hyperbaria (see Bachrach &
Kennedy, 1977, for a review) suggest that there is a need for future studies
into the standardization of a human performance test battery.

In our opinien, the persons who initlated the experiments requiriag performance
testing in exotic environments were generally persons who became itnvolved orig-
inally because of a primary interest in the environment rather than in the per-
formance. (Within "environment" we fnclude unusual sensory stimulations, drugs,
fatigue, and even learning, as well as motion sickness, hyperbaria, etc.) Thus,
we feel that, frequently, several criteria were employed (often trading back and
forth among them) in the selection of tasks for inclusion in a battery to be
assembled. These criteria have included the following:

1. Literature findings that were recollected, probably because the results
of tests were unusual.

2. What colleagues and friends had done.

/3. What demonstration expertmentSIWOre performed in experimental psychology
laboratory during their student days.,

4. Chapter headings in Woodworth and Schlosberg (1954) and other standard
texts.

5. Equipment left behind in the storage room of the laboratory by their |
predecessors.

6. That which could be quickly and easily assembled from clever ideas, (the |4
so-called toy gadget approach).

7. Stock items from apparatus companies.

8. logistic limitations forced by the environment or project (e.g., small,
inexpensive, no tubes, portable, nonmagnetic, self-scored, no sparks, self-
administered, battery powered, and rugged).

9. Similar to the work done by real-world persons.

10. A relatively basic kind of skill is involved; that is, learning theoret-
ically SHOULD be able to be accomplished quickly.

11. Lless often, performances could be expected to be disvupted on the task
in this environment.
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We believe that the criteria listed above have been employed often enough to
assemble batteries so that these criteria are worth citing. Tt should also be
noted, however, that, typicaily, a test battery .as generally an ad hoc response
to the imminent availability of an environmental condition, whether the environ-
ment was a hurricane (Kenuedy, Moroney, Bale, Cregoire, & Smith, 1970), a rotating
room (Guedry, Kennedy, Harris, & Graybiel, 1964; Fregly & Keanedy, 1965; Kennedy,
Tolhurst & Graybiel, 1965), or a deep dive. Thus, long-range planning frequently
is not possible. In summary, it is felt that performance test batteries are
often assembled for largely practical reasons, on short notice, by persons whose
ma jor interest is not performance testing. To alleviate these problems we have
combined, in tabular form, what we consider the traditional, important criteria
for test construction along with the practical aspects concerning operational
performance -assessment. These criteria are summarized in Tables 1 - 4. In addi-
tion, other ‘problems with performance test battery construction exist.

1. What performance tests are designed to measure -

Although this distinction is not generally made, it is implicit that perform-
ance testing is undertaken for two main purposes: first, to be able to make
some statement about the integrity of the organism, and second, to determine
whether an environment interacts with an organism's ability to do a particular
kind of work (cf. Table 3). 1In this paper, the first purpose will be called
"CNS status," and the secound, "effectiveness of a system's output." Examples

of tests designed for the former purpose include reaction time, digit span,
tremor, electroencephalogram, speed of tapping, and CFF. Examples of the latter
include an underwater pipe puzzle, a sonar monitoring task, Morse code tests,
and speech intelligibility tasks. Frequently, both types of tasks are included
in a single experiment into the environment's effect on wman and without regard
to the distinction made above. The advantage of the latter approach is that the
system's concept is used and the translation to real-activities is direct. (Also,
subject cooperation is usually better.) The disadvantage is that no general
principles are adduced and the application of the findings holds only for the
stimulus condition employed. For instance, tracking studies with CRT displays
have been conducted for many years and very few general rules have resulted
(Adams, 1961). The major disadvantage of the first approach (index of an orga-
nism's integrity) is that they depend heavily upon- the knowledge of the validity
of the task. If only face validity is available, other considerations (money,
size, apparatus, and availability) must be used to justify inclusion. If face
validity is not evident, then justification is very tenuous.

The distinction made between these two strategies is subtle, but it is also real,
and its existence complicates the results of many studies. This is chiefly due
to the fact that the two approaches require different research philosophies,
although the ultimate aim of both approaches is similar: namely, prediction
(i.e., an ability to account for 100 percent of the variance).

The first approach comes directly from experimental psychology and usually fol-
lows an analysis of variance model. Thus, the numerous tests in a test battery
are designed to sample all of the skills (factors) of the organism. The impli-
cation is that, if the full range of human abilities is tested, one can general-
ize the findings and apply them to other circumstances (e.g., subjects, treat-,
ments, etc.). This approach depeads heavily upon following the principles of test




construction: (1) norms, (2) reliabilities, (3) validities, (4) factors tested,
(5) effects of practice, and (6) individual differences. 1f all these princi-
ples were satisfactorily fulfilled, it would be possible to employ the test in
an exotic environment and account for all the main effects of such an environ-
ment on human performance. For example, if it were known that hand dynamometry
correlated perfectly with all other kinds of voluntary skeletal muscle output,
and the Harvard Step Test (Kennedy & Hutchins, 1971) with all cardiac muscle
output, then it would not be necessary to use other tests of these functions.

The difficulty, of course, is that neither of these tests correlates sufficiently.
Additionally, other “more psychomotor" tasks are even less clear-cut with regard
to what they are measuring (i.e., validities). However, the problem does not end
here. Reliabilities of a test battery--any test battery--are not completely
known. No norms (expected values) are available on a sizable population, par-
ticularly when practice effects are concerned. However, factor analyses studies
(e.g., those of Fleischman) have been completed for some samples.

The second approach is in vogue more now than previously, probably because it
emphasizes a systems approach. The statistical model employed is correlation,
and in general, single factor studies are conducted. The overall plan is to
replicate real-world work and to do it under controlled conditions. The second
approach does not depend upon the validity of the task as heavily as the first
method, since it, 'itself, is the work. However, the characteristics of the sub-
jects are critical. It is important, and usually essential, that the subjects
be the same kind of people as the real-world workers toward whom the data will
be applied. The shortcoming of this strategy is also its chief advantage: the
application of the findings from such studies is specific and immediate, but
sometimes it is so specific that generalization within the same environment,
but with slight differences, may not be possible.

2. Two experimental paradignms

There are two main ways in which to study the effects of the environment on a
subject's ability to do work. The first (most often used) uses the subject as
his own control and generally follows a pre-, per- and post- paradigm. In the
pretest, the subject is practiced on all the tests to be employed in order to
arrive at a learning plateau. Then he is placed in the experimental situation
to see whether or not it disrupts performance. Posttesting is used to monitor
recovery effects, i there are any. There are many problems with this approach.
Chiefly, psychomotor performance almost never arrives at a plateau. This is
discussed in more detail later in this paper. Asymptotes occasionally are ob-
tained, but these, too, are infrequent. Even on tests where one would expect
practice to be accomplished quickly (e.g., reaction time, CFF, tracking visual
acuity),2 the environment itself occasionally causes certain tests to be per-
formed less well while standing during rotation, and is probably also measuring

lSinbad (1969) is based on these studies and, when standardized, may be
used to obviate some of the problems mentioned above.

2The use of signal detection theory (Swet, Tanner, & Birdsall, 1961) as
a methodology may be helpful here, but as we all know from the way the 100-yard
dash record is continually broken, it is not just a criterion problem. Stated
differently, a knowledge of sensory sensitivity, d' (d-prime) separated from
the subject's criterion (beta) would refine present knowledge, but d', even
carefully and prudently measured, may change with practice.
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body sway (Graybtel, Kennedy, Knoblock, Guedry, Mertz, Mcleod, Colehour, Miller,
& Fregly, 1965). This point will also be discussed later. Post-effects also
present difficulties since wotivation changes (e.g., end spurt in vigilance)
usually attend the imminent completion of an experiment.

The alternative approach: to test "just before" and “just after" the environ-
mental exposure (say a 12-hour overwater ASW flight) has its own problems;
nanely, the experimenter feels that it is necessary to he aware of the status
of the subject during the exposure. If the testing is short (e.g., hand dyna-
mometry), it can be influenced by the bias of a subject and summoning efforts
for a "one-shot-deal” so that, often, changes are not obtained even though the
subject is frankly tived. 1If the testing period is long (e.g., treadmill), it
can contribute to the fatigue. In additlon, lengthy posttests ave often unfair
to the subjoct.

3. Assessment of Input-integrator-output circuits

The general form of psychological experimentation follows an S-R paradigm, or
SOR, where 0 is for organism (Graham, 1951). Performance testing employs this
paradigm particularly when "CNS status" type experiments are conducted. Typi-
cally, in these studies the experimenter is mainly interested in whether his
treatment (drugs, hypoxia, confinement, magnetic fields) produces any CNS change.
So, a stimulus is preseanted and the output of the organism is monitored for .
changes. Frequently, however, due account is not taken as to whether the stim-
ulus was adequately received by the receptor (retina, ear, hair cells, etc.) then
properly delivered along that nerve pathway; also, whether the output (muscle)
pathway is similarly unaffected. For example, during acceleration stress, the
lack ef oxygen to the retina indicates that signals are not adequately received
at the receptor site. This also occurs with the differences obtained in visual
performance underwvater. The physical conduction of light in air versus water

may account for these differences -- most likely the visuval signal is just not
delivered to the receptor in water as well as in air, so one would not posit

CNS changes underwater to account for the poorer visual acuity obtained. At the
other end of the nerve-muscle civcuit, changes in four—-choice reaction time done
underwater clearly have the friction of water on the oune hand to slow down per-
formance as well as the possible other effects of compression and mixed gases

and so, probably, CNS changes cannot adequately be assessed with this task. So,
too, past pointing underwater may be different: not because of central involve-
ment, but because of iInertial differences on the arm. This is not to imply that
such studies should not be undertaken, rather, it behooves the experimenter to
indicate where possible which part of the OSR circuit he is testing. Therefore,
one must know about the transmission characteristics of light, the dependency

of the retina on oxygen, and the viscosity and buoyancy characteristics of water.
However, if such tasks are included in batteries that have other tests, (the
intention of which is to tap the state of the CNS) when all results are reported
together, there is confusion.

It would be useful to other investigators if results of experiments were reported
relative to that part of the circuit which is being tested. This cannot be done
in all cases, but it is possible to improve present reporting practices. Per-
haps if we intellectually remove the known physical environmental effects from the
periphery (nerve and muscle), we may be left with the finding that motivation
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and the partial pressure of oxygen {n the brain are the chief contributors to
performance decrement under all conditions. The above criticism does not apply
to the 'systems output" type of studies which take no position regarding where
in the circuit the problem occurs. Raivher, their sole purpose is to determine
whether an interaction of environmental condition occurs on people doing work.
1t is proposed that "CNS status" be used as a term to be contracted with "input/
output quality" types of studies, whereby the former would deal with throughput
changes due to the environment and the latter would address the physical aspects
of the environment on man.

4. Practice effects

In a significant but not widely referenced paper, Bradley (1962) reported the
persistence of sequence effects during psychomotor testing. Virtually all who
study performance over many sessions have obtained similar findings. As was
mentioned earlier, the investigator usually performs baseline pretesting before
placing the subjects in the environment. Often, many trials are given (in one
study, 7 days of testing) in an effort to have performance asymptotic "'so that
the pimple on the line can be more easily seen."3 What is usually obtained is
the well-known learning curve, which may, but does not always, asymptote. The
problem with this approach is obvious, but there is another less obvious problem;
that is, performance on a task after many trials is probably no longer an index
of the same activity or place in the CNS that it was initially.

Studies by Ades and Raab, 1949, on the Kluver Bucy Syndrome (cited in Bachrach

and Kennedy, 1977) illustrate the latter point where animals with certain portions
of their brains removed were able to perform a visual discrimination task about

as well as unoperated animals; however a simularly operated group was never able
to learn this task.

Moreover, it is well known from the learning literature that, with extended
practice, subjects overlearn, and when something is overlearned, it becomes

more resistant to extinction. Therefore, for performance testing in exotic
environments, if intensive practice is given on the tests prior to their use

in the experimental environment, two factors appear inevitable: (1) the work

is not an index of what it was at first, and (2) disruption of performance be-
comes very difficult. An example of this is as follows: move the index (first)
and ring (third) fingers preferred hand together with the palms resting on a
flat surface. Then move the second and fourth fingers together. Then, alternate
1 and 3, then 2 and 4, etc. Everyone can do this work, but it requires far wore
concentration for the average person than for a person who frequently plays the
piano. The investigators believe that control for this activity is exerted high
in the cortex for nonplanists, but has perhaps been shunted to a lower center in
the CNS in practiced pianists. 1f the above is similar to what occurs in per-
formance testing studies, the implications are obvious.

Because of the problems listed above, the following approach is planned: We
feel that the approach is innovative, but it will draw heavily on the research
literature for the initial selection of tests to be included for further study.

3Radloff. 1971, personal communication.
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Mhose tests will be selectod from the Titerature that meet criteria in one of
the following aveas: (1) demonstrated sensitivity to cither thermal, wotion,

or hyperdbaric envivenneats by exhibiting degraded performances, (?) diaguostic
capability (i.e., braiu-damaged individuals have been tound to perform ditter
ently trom a normal population), and (1) weasurewent capability ot a pavameter
of human intormation procesusing. After initial selection of the tests, the most
promising will be subjected to turther tests.  The test and equipment attributes
of cach test will be viewed from the standpoint ot the folloving factors ranked
in general orderv of fuportance: (1) reliability (e.g., test-retest, alternate
form, between and within administvations), (2) vatidity (e.g., predictive, con-
text, construct, diagnostic-concurvent, fact), (3) other practical test factors
(range of capability levels covered, seasitivity, transpovtability, efficlency),
(4) equipnent factors (e.g., availability, equipment veliability, transformabil-
ity, safety, cconomy). Those tests that dewonstrate a high level of adequacy on
the above cciteria will comprise an expevimental battery. Performances on this
battery will be compared to performances on a factor pure (e.g., Sinbad) battery
to deternine uniqueness ot factors,  Paper and pencil tests of copnltive func
tions (e.n., Bender-Cestalt, Cuilltovd -Zimmerman) as well as well-standavdized
fntelligence tests (e.g., Wais, Ravens, Stanford-Binet, Reitan, Halstead,
Woenderlich) will be aduninisteved to this same population to turther delineate
and validate the factors obtained.

Adbetinss oo

The fivast test that we have setected tor further astudy is the so-called Beeper
reviewed by Kemnedy and Bruns (1975).  The reasons for selecting this test orig-
inate partly from the literature veview and partly from the study of acceleration
stress by the NAS/NRC Committee on Bio-Astronautics, who convened a working group
headed by Robert Calambos ‘to discuss and report on principles and problems of
performance testing. Using criteria based largely on carller suggestions of
Broadbent (1953), a performance test battery was proposed that would have gen-
eval and specitic applications.
Ve looked into Broadbent's veport for ideas relative to the common problems of
wotion and acceleration stress and of exotic environments i{u general. Recom-
nendat fons were also included for the use of tasks which ave: "(a) work paced;
(M) require vigitance; (¢) over a long period of tine; and (d) during which
there is uncertainty in the stimulus display" (p. 22):

1. laboratory norma on six differvent versions of this task for each of the
approximatel . 100 college graduate males ave available, as well as relatiounships
to personality and other subject variables (e.g., hours of sleep) for these

persons.

2. Neurophysiological corrvelates (vestibular nystagmus) of performance vere
shown.,

3. Practice effects appear small on the three-channel auditory verston and
are known for the three-channel visual version.

4. The test can be group-aduinistered.
5. It is relatively simple and inexpenstve to construct.

6. There arve many possibilities for constructing alternate forms.
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7. Task difficulty can be controlled largely by instructions.

8. Latency of response within broad limits (namely, 1-2 sceconds) is gen-
erally not a factor and so the task can appropriately be used even when environ-
mental varlables can interact physically with response speed (e.g., underwater).

9. Stimulus recording is binary and therefore is mechanically simple. Fur-—
ther, the regularity of the stimuli makes a scoring relatively easy and relatively
independent of where on the magnetic tape a session begins.

10. Proportion measures are essentially linear (R .95) with absolute measures
(namely, hits) and, therefore, direct comparisons can be made over different
tasks.

11. Unlike many other vigilance tasks, many signals and responses occur and
so individual time-line analyses are possible.

12. The results suggest that performance on forms of this task may be
age-related.

The approach we have utilized includes the daily administration (15 minutes) of
the Beeper for 2 weeks to study the reliability of the test in three ways:
internal consistency, the accuracy and sensitivity to separate individuals, and
stability of this accuracy and sensitivity over repeated testings.

We feel that this approach will serve as a model for future tasks to be included

in our battery. At this writing, data are being collected, however the study is
not completed. These results should be available at the meeting in October.
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