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1.  INTRODUCTION

" 1,1.  BACKGROUND OF THE PROJECT

— -% A major problem today 1in human performance research is that
researchers have used a variety of experimental methods and tasks. Even
when the task is ostensibly the same (e.g., multiple-choice reaction time),
experimenters have used different task parameters, equipment, stimuli,
instructions, and so forth. This lack of standardization has created
several problems for those who wish to use the results for practical
decision making. For example there are no norms for the various
experimental tasks. Furthermore, when there are differences in outcomes,
they are often attributed to differences in method, without definitive
evidence of what the relevant differences are. In fact, the documentation

. regarding procedures, equipment, subjects, and independent variables has
frequntly been indadequate to the degree that exact replication of many
experiments is impossible. Finally, there is a widespread complaint that
the methods and tasks used in the laboratory are so simple and artificial
that they have little or no applicability to real world tasks. Certainly
there has been little attempt to relate laboratory tasks to real-life tasks
or even to each other,

THE AACHEN MEETING

Dissatisfaction with this state of affairs during the early 1980's led
to the scheduling of a meeting and workshop held in Aachen, Federal
Republic of Germany, at the Institute for Psychology of the Rheinisch-
Westfilische Technische Hochschule (RWTH) on 23 and 24 October, 1984. This
meeting was sponsored and funded by the USAF European Office of Aerospace
Research and Development (Grant SCP 85-1003). The meeting was attended by a
broad spectrum of interested parties, including USAF, TNO (Netherlands),
MRC, CERMA, etc.

At the Aachen meeting, the major topic of interest was the feasibility
and desirability of development of a standardized battery of performance
tasks for international use; a major emphasis for the battery was to
evaluate the effects of environmental stress, including the effects of
drugs, lack of sleep, prolonged excessive workload, etc. Such a battery was
seen as having potential for use in both theoretical and applied research
and in personnel selection. At a minimum, the use of a standardized version
of each experimental task was seen as providing comparability of results
across different research studies. The consensus of participants was that
the development of a standardized battery was desirable and feasible, and
that study of the problem should proceed as quickly as possible.

The results of the workshop indicated that there was general agreement
regarding the desirability of including certain tasks (Sternberg memory
search, tracking, continuous memory, and the Baddeley-Hicks task), and a
variety of other popular candidates surfaced (e.g., perceptual encoding,
sustained attention). General agreement was also obtained that each task
jncluded in the final battery should be supported by a definition of:
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AFOSR-85-0305 - 1. INTRODUCTION

1. The theoretical basis of the task.

2. The corresponding aspects of real-life performance

3. Specific modes of operation - equipment, task parameters,
procedures, etc.

4, Norms for each relevant population.

The question of how best to proceed was discussed at length. In particular,
concerns were voiced as to who should "lead" the effort, how it might be
funded, the scheduling of future meetings, and so forth. In the end, the
responsibility for leading the effort and securing funding was accepted by
the ]RNTH Aachen Institute for Psychology and the current project was the
resuylt.

1.2.  PROJECT DESCRIPTION
THE OVERALL PROJECT

The project was designed to take place in two phases, with a tentative
third phase contingent on satisfactory results of the first two phases. A
proposal to accomplish this work was submitted to the USAF European Office
of Aerospace Research and Development on Feb. 5, 1985 and work began
officially on September, 1, 1985. The following is an outline of the
project:

Phase I - Literature Review, Interviews and Analytic Studies

1. Review of the literature on task batteries.

2. Selective Reviews of the theoretical literature on human performance
tasks, as commonly found in task batteries.

3. Interviews with prominent persons in the field of human performance
measurement and theory.

4. Integration of information and completion of detailed plan for Phase
II. Submission of Phase I report.

Phase II. - Development and Laboratory Testing of Candidate Tasks

1. Selection of candidate tasks.

2. Programming and implementation of selected tasks on equipment at
the Institute for Psychology, RWTH, Aachen.

3. Tryouts of tasks under both stressed and unstressed conditions,
and revision of both battery content and individual task parameters
and procedures.

4. Preparation and submission of Phase Il final report;
rerart will provide all detail necessary for implementation
of the battery, and a detailed discussion of the human mental and
physical functions represented in the battery, as well as relevant
information concerning relevant information concerning the effects of
stress on each task.

5. Preparation and submission of proposal for follow-on Phase 1III.

Phase II] - Real-World Validation

—
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The purpose of the third phase is to try out the battery tasks in
various real-world settings, including both operational and simulator

5*3 conditions. Both predictive and synthetic validation will be pursued,
nxj including an examination of the degree to which standardized battery
Q:) performance can be used to predict success in training and in later job
55& performance. The final output of this phase will be a preliminary cut at
V. tying these laboratory tasks to performance in real world tasks.
W
"5?3 PROJECT SCHEDULE
s T
B
¢ 5& The original proposal envisioned that Phase I would require 18 months,
g and that Phase Il would begin after 15 months and last for two years. Thus
the total time for the first two phases would have been approximately 3
R years, 3 months. It now appears that Phase I will require only 12 months:
o part of this improvement was achieved by beginning the interviews
ala immediately instead of waiting for the completion of task battery reviews
'ta: and analyses. Thus the first two phases should require about 3 years, and
[ our current goal is Phase II completion in the Fall of 1988. The specific
x schedule contemplated is:
P
S5 June 30, 1986 Submission of preliminary information concerning Phase I.
[} !_-.‘:
i? September 1, 1986 Submission of Phase I Final Report and plan for Phase II.
v .q.
January 1, 1987 Phase Il begins.
:,% July 31, 1987 Phase II Progress Report.
o July 31, 1988 Phase II Final Report.
o
Q; PROJECT PERSONNEL
. 1
y E The following are brief descriptions of project personnel:
g
i“ > Principal Investigator: Andries F. Sanders., Ph. D.
h Dr. Sanders is Professor and Director of the Institute for Psychology,
. RWTH, Aachen. He received his Ph. D. at the University of Utrecht, in the
" Netherlands. From 1957 unti” 1984 he was a scientist at the Institute for
god Perception, TNO, The Netherlands, where he rose to the positions of Head of
s the Experimental Psychology Department and Deputy Director of the
e Institute.
N L
‘_%ﬁ Aside from project administration, Or. Sanders has designed and

conducted some of the interviews and taken part in drafting the literature
summaries.

Project Scientist: Hans-Willi Schroiff, Ph.D..
Dr. Schroiff 1is a senior staff member of the Institute for Psychology,
conducting a variety of research into human performance, including the role
of vision in driving performance. DOr. Schroiff received his Ph.D. at 1983
in Aachen.
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He joined the staff of the project in literature reviews and
conducting and reporting the interviews.

Project Scientist: Robert C. Haygood, Ph. D..

Dr. Haygood received his Ph. D. at the University of Utah in 1963, and has
taught at Kansas State University and Arizona State University where he now
holds the rank of Professor. He is serving as Guest Professor at the
Institute for Psychology during the 1985-86 academic year. Dr. Haygood's
major scientific interests are in adaptive training and 1in  human
performance measurement.

His contribution has been in reviewing the theoretical background of the
performance measurement effort.

Project Scientist: C. Hilka Wauschkuhn, Diplom Psychologin.

Hilka Wauschkuhn received her diplom in Gottingen, FRG 1982. From 1983 to
1985 she has been coworker in a project on psycho-neuro-endocrinology at
the Deutsches Primatenzentrum, Gottingen.

She joined the Aachen project in January 1986. She has primary
responsibility for coordinating the efforts of other staff members and
development of scientific documentation. Included in her responsibilities
are that of performing analytic work regarding the interviews and reviews
of scientific literature.

Some other members contributed to the project by summarizing some
relevant topics in the area of human performance:

- Mike Donk, cand.-phil., received her Vordiplom at Tilburg/NL and is
now doing the Hauptstudium at our insitute in Aachen, she wrote the chapter
on time sharing and dual performance (5.4.2.).

- Will Spijker's contribution is the chapter on tracking performance
(5.4.1.). Will Spijkers received his masters degree in 1978 from the
University of Tilburg/ NL. Since that time he has been affiliated with the
Insitute for Perception (TNO), and the Universities of Nijmegen and
Tilburg, both teaching and doing research in human motor performance. He
joined the staff of the Aachen institute in January 1985.

- Jan Theeuwes, cand.-phil., wrote the chapter on choice reaction
processes (5.4.4.). Jan Theeuwes is doing his Hauptstudium of psychology in
Aachen. He received his Vordiplom at the University of Tilburg/ NL.

1.3.  ORGANIZATION OF THt REPORT

This report 1is organized according to the major tasks performed in
Phase I, with a final section for c¢onclusions and recommendations. To avoid
overwhelming the reader, the bulky details of the interviews and the
reviews of task-battery 1literature have been placed in appendices: a
concise summary and discussion for each is given in the main body of the
report. The following is a brief description of the major sections of the
report.

a) Interviews--the first major effort of Phase I was conducting
interviews on the feasibility of a standardized task battery with a number
of prominent persons in the field of human performance research. A total of
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25 interviews was conducted. The complete protocols or these interviews are
provided in Appendix 5.2.; a discussion of the results and summary of the
general trends in the opinions is found in Section 2.1.

b) Review of task-battery literature--this effort consisted of
collecting information on the task batteries that are already in
operational use or which are about to be completed. Information was
obtained about seven batteries, five from the United States and two from
Europe. Altough review of information about other batteries was
anticipated, the necessary information did not arrive in time to be
included in this report. However, we feel that the present set of batteries
is generally representative of the kinds of batteries in use and in
development. A full account of the task batteries reviewed is found in
Appendix 5.3.. The results of our analyses and a summary statement of the
main trends is found in Section 2.2.

¢) General approach and theoretical considerations—~it was necessary
to consider 1in some depth both the elements of our approach to battery
development and the theoretical backgrounds of potential candidate tasks.
These are found in Section 3. A general review of the theoretical
backgrounds underlying the most common tasks used in existing batteries was
conducted. On the basis of the summary table of these tasks (see section
2.2.) it was decided to provide concise literature reviews on the topics of
(1) manual tracking, (2) time sharing and dual performance, (3) visual
processing, (4) perceptual-motorspeed and choice reaction processes, (5)
memory search, and (6) lexical and semantic encoding. These reviews are
reported full in Apendix 5.4.. A summary of some major concepts underlying
task batteries——including the 1largely atheoretical factor analytic
approach--is presented in Section 3.

d) Conclusions and recommendations--the main body of the report
concludes with a section containing conclusions and recommendations, in
which (1) the most popular tasks are briefly summarized, (2) some apparent
gaps are discussed, (3) the major stands on background concepts are
mentioned, and (4) some of the major issues about relating laboratory tasks
to real life tasks are sketched. Finally some recomendations are
formulated,

TV BT T T YW WY W Wy
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2.  DATA BASE

2.1, INTERVIEWS ON THE FEASIBILITY OF A STANDARDIZED TASK BATTERY 1IN
HUMAN PERFORMANCE RESEARCH

INTRODUCTION

This section summarizes the results of a number of interviews
conducted with active researchers in the field of human performance during
the fall of 1985. Many of the interviews were conducted by Dr. Schroiff
during the "Conference of the Psychonomic Society 1985" (Boston, USA). Some
interviews were conducted at the NATO-meeting in Les Arcs (France) by ODr.
Sanders and Dr. Debus. Dr. Broadbent submitted his views in writing.

In the interviews the personal views of the interviewees towards a
number of discussion topics were collected. The interviewees were briefed
about the purpose and the contents of the research project by having them
read a two-page outline of the project (see Appendix 5.1.).

The interviewees were asked the following questions:

(1) Which kinds of methods (experimental paradigms, performance-task
settings) have you been using in human performance research?

(2) Which methods do you regard as particularly useful a) with respect to
theoretical developments? b) with respect to generalizability to real life
performance?

(3) Do you know about any metric except speed or accuracy that is useful in
the assessment of skills?

(4) Could you comment on the reasons for the low validity of performance
tests/ test batteries with respect to the prediction of performance in real
life tasks?

(5) Do you have any ideas for improving the generalizability of such
laboratory tasks?

(6) To what degree can a real life task be broken down into components that
can be isolated and assessed separately?

(7) What do you think about the feasability of developing a standardized
battery of performance tests? Which tests do you think should be included?
What do you think about factor-analytic approaches?

(8) If interviewee 1is positive towards question 7) Do you think it is
possible to develop a broad enough battery of tests to cover most of the
important real life skills?

(9) Do you have any ideas on skill categories or classification of skills
that should be considered in a project like this?
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GENERAL REMARKS

It was pointed out that a standardized battery of laboratory tasks for
human performance assessment could serve different purposes. First, the
main aim could be directed at the assessment of differences between people.
Second, the assessment of the effects of environmental variables could be
the topic of interest. Finally, it could be of interest to assess the
impact of some proposed new task on total performance. As Broadbent points
out, the requirements for a battery would differ substantially depending on
the purpose, so that in the end three batteries of tests might be needed
instead of one. The three possibilities should be kept in mind during the
further discussion of this project.

For further reading it seems necessary to differentiate on a concept-
ual level between "abilities" which are regarded relatively constant (e.g.
visual acuity) and '"skills" (e.g. visual search) which are subject to
change by (e.g.) different strategies that are employed.

A1l interviewees were positive towards the general idea of the
project. Everybody found it desirable to establish a standardized battery
of tasks 1in order to achieve a better comparability between results from
different laboratories, although it was felt that some people might not
adopt a positive outcome of the project because they might feel themselves
restricted in their "scientific creativity'.

ANSWERS TO THE QUESTIONS

The tasks that are mainly employed in the domain of human performance
research are: choice RT, tracking, STM/LTM tasks, dual task capacity,
knowledge based skills (e.g. reading, arithmetic), tests of the knowledge
base itself (e.g. reasoning, spatial ability), attention and vigilance
tasks. The main measures reported by the interviewees are reaction time,
physiological measures, and recall and recognition paradigms.

The following tasks should be included in a standardized task battery
according to most of the interviewees:

- perceptual measures (e.g contrast sensitivity, visual acuity)
- STM-measures

- visual motor coordination

- speed of retrieving linguistic information

- Sternberg-tasks

- Tracking (stable, unstable)

- spatial information processing

- Embedded figures

- Dual-task tests (e.g. dichotic listening)

As will be pointed out below, the majority of interviewees, however,
felt that the available laboratory tasks were not good candidates for the
intended purpose because they were selected and developed for some other
reason. Furthermore anly tests or tasks should be selected that are
predictive for the final performance level (i.e. after extended practice).
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Everybody agreed that the battery should comprise not too many tasks.
This, however, should depend on the degree of task-specific knowledge and
complexity of the real-life task to be predicted.

There was a general agreement about the the low predictive validity of
laboratory tasks with regard to real life performance. The main reason is
probably that some extra function(s) or skill(s) that are (is) relevant in
real-life performance will not be assessed in the laboratory situation. The
opinions differ slightly with regard to the causes. Some people believe
that this is due to the context-reduced nature of the laboratory task: most
experimental paradigms are not aimed at evaluating all the variables that
affect performance. On the contrary, they are designed to investigate a
specific phenomenon that is artificially isolated by the experimental set-
up.

Tests of isolated abilities or skills usually do not incorporate
interaction effects when these skills have to be combined in a real-life
task. Although the single components may be highly practiced this does not
mean that the complex performance will be at the same high level. It s
felt that until now there is no good way to assess the "assembly" of
component abilties or skills. It is not surprising that ( e.g.) laboratory
tasks of visual search normally have a reasonably high predictive validity,
because task parameters in laboratory and real life search do not change
substantially. RT measures can only have a predictive value for real-life
tasks if the subject in the real-life task is under comparable time con-
straints.

One generally finds a neglect of strategical aspects of behavior in
laboratory research on human performance. Real-life performance seems to be
more subject to strategical influences. Here again the artificial character
of the laboratory experiment that seeks to deprive the subjects of their
strategical freedom comes into play. One way to improve validity is to
complement the traditional two-choice laboratory tasks with tasks with more
performance alternatives. What obviously is needed are process models that
to some extent dictate the meaning of performance measures. At the moment
there are no good models available for such an analysis.

The level of practice also seems to be responsible for the 1low pre-
dictive validity. Compared to performance in real-life situations labora-
tory performance is usually little practiced. This means that the behavior
has not yet reached its optimal level of organization and the integrating
effects of extended practice have not worked out. Practice might change the
underlying factorial structure of skills (see e.g. the results of
Fleishman).

The problem seems to be best stated by a literal quote from Kahneman:
"It is hopeless to believe that a preliminary test of a single skill should
have predictive value for a highly practiced complex task where this skill
interacts with numerous other skills and that interaction is directed by
different strategical supervisors'.

One should be careful, however, 1in attributing the low predictive
validity solely to the factors mentioned above. Broadbent has argued that
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r“ the low correlations between the results of aptitude tests for aviators and
. actual flight performance might simply stem from the low variability
- amongst the highly selected sample of persons who are admitted to flying
?; training. Also a high degree of variability (i.e. poor reliability) of the
‘i prediction criteria may be one of the causes for a low degree of predictive

validity.

The question of whether a break down of complex tasks into components

- is possible provoked a number of controversial statements. The general
'} possibility of breaking down a not-too-complex task into its constituents
n was not denied, but the success of a venture like this is highly dependent
N on the quality of a task analysis. This should not be a task analysis 1in
" the classical sense but a cognitive component analysis. The general opinion
N is that this might work for a small number of well described tasks whose

theoretical task structure and the hypothetical component processes in-

> volved are well known (e.g. car driving). Again it is argued that complex
" 2% . .

Y phenomena of human cognition cannot be broken down into a very few basic
‘; dimensions. Even if one would succeed here, the problem of assessing the
S interaction between the components remains. It is seen that the success of
o the research program will depend on the degree that a) basic conceptual
a units of human performance can be defined, b) adequate measurement proce-

> dures can be worked out to assess these basic skills or abilities, and ¢c) a
test can be devised that reveals the interindividual differences in the

}; "assembly" of those skills and abilities in real-life tasks. It is felt
;ﬂd that the more one decomposes, the less predictive validity can be expected.
B

This leads to a prominent alternative to a standardized battery: the
K use of simulation methods, which is regarded as the principal way to
e achieve a good prediction. The relative advantages and disadvantages of

j: simulation should be worked out more clearly.
B ¥'
32‘ A second alternative seems to be the use of process models of task
i performance - a probably forthcoming research strategy in connection with
;; the aims of this project. However, as pointed out above, this domain has
la: been explored to a minor extent only.
‘ .~
TQ The question with regard to the feasibility of a standardized task
S battery has been answered positively by the majority of interviewees.
- However, several constraints have been mentioned.
*rf 1) ..... possible, but not with the classical 1laboratory paradigms.
j}J Battery tasks should be made more complex. Measures should be gross in the
T sense that they are not restricted to measure an isolated process.
.. 2) cee... possible, but not with a Timited number of tests that claim to
x cover the most relevant aspects of real life performance. [t seems not
J possible to select a general battery that covers the large variety of human
g behaviour.
’»j 3) ......possible, but only after a detailed theoretical and empirical task
A, analysis of the task under question. After specifying the major cognitive
"oy components it should be decided which lab tasks refer to real-life per-
: formance. Then the task remains to map the components to the theoretical
o model of task performance. This requires a process model dictating the
by elements involved, their interaction and possible ways to assess elements
Lo i
[ 9
‘s, 8, |
~, i
,_).", |
J.:} i
o« X TS L) .’l’. o 4’_:',.( ......... -~ R I TR N I N R SRR TR VRS PR - :. :;"_;:"_-.:{A}J:.-. :::: .\-,\ » \* '\( '

»»»»»»»»



-~
p Wi g 26 g S

-k

e e

Pt W

g

- o)
S

L

an 4y ACh

WA,

o

-

-
)
W

"

(v o

(LAY,

AFOSR-85-0305 - 2. DATA BASE

and interaction. More should be known about the functional roles that
skills and abilities play in the performance of real-life tasks. The
process model should permit strategical freedom of the subject. It also
should comprise the knowledge base and effects of practice.
3) ......possible, but only for sensory-motor tasks, not for complex tasks
that involve command and control.
4) ......possible, but selection of subtest depends on the task wunder
invesigation i.e. for the prediction of different tasks multiple batteries
are needed.

A minority of interviewees were negative with regard to the aims of
the project. They claimed that lab tasks are generally designed to study a
special process in isolation and thus cannot have predictive value.

What other relevant methods were mentioned? Where are the current research
needs?

a) performance measures
more status—oriented

- performance operating characteristics (POCs)

- measures of speed-accuracy trade off

- measures of decision bias (S/N ratio)

~ rate measures (bits/second)

- more detailed analyses of errors

- measures derived from speed and accuracy (e.g. slope measures)
- dual-task performance (time-sharing)

- risk taking (e.g. measurement of safety margins)

- measures for the representation of knowledge

more process-oriented

- analysis of eye-movements
- analysis of verbal protocols ("thinking aloud")

b) subjective measures
- subjective estimates of workload
- state changes as indicated by subjetive measures
- similarity judgements
c) physiological indices
- state changes as indicated by physiological monitoring
- electrophysiological brain activity (e.g. evoked potentials)
- changes of pupil diameter
d) simulation methods

The interviewees agreed upon the fact, derived immediately from the
above list, that the most obvious gap is in the assessment of control
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iﬁg functions, i.e. the degree of systematic organizational planning of
A successively performed actions. A gap exists also with regard to tests that
.y assess the integration of task components into task performance and the
N explanation of interindividual differences that might stem from different
Nﬁ‘ strategical preferences. Strategical aspects should be recognized as one of
. the major determinants of human performance and be assessed adequately by
X employing process models and process methodologies. The time has come to
b augment the standard repertoire by tasks that are designed to depict more
the strategical aspects of behavior as they are relevant in performing
N real-life tasks.
LS
%i& Factor-analytic approaches may serve a good purpose in the exploratory
;.*» or confirmatory phases of the research process. Due to their atheoretical
W, nature they are useful for producing simple descriptions of the data. But
the basic assumption of these models——that the human mind is a linear
R system--seems questionable. With regard to the aims of this project the
P modeling approach should be preferred.
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2.2. TASK BATTERY REVIEWS

To assess the state-of-the-art in the area of standardized performance
testing we have reviewed a number of widely used task batteries. (The
selection does neither claim to be exhaustive nor to be representative in
a strong sense.)

The following batteries have been included:
the BAT: Basic Attributes Test (US Air Force),
. the CTS: Criterion Task Set (US Air Force),
the PAB: Performance Ability Test (US Army),
BBN: a battery developed by R.W. Pew et.al. for the US Air Force,
IPT: a set of information processing tasks developed by A.Rose,
TTP: the Ten-Task-Plan/ TASKOMAT developed by the TNO (Netherlands),
HAK: a battery developed by Hakkinen (Finland).

\JO\U"P(&N—‘

Fleishman's apparative setting and the results of the PETER project
(Bittner, et. al. 1984) could not be included, because the authors did not
send the detailed information we have been asking for before our deadline,
July 1, 1986.

We have concentrated our review on the aspects of practical
application and the reported theoretical background. Appendix B provides a
detailed description of all tasks. A condensed overview is given in the
table below.

GENERAL EVALUATION OF THE REVIEWED TASK BATTERIES
THEORETICAL BACKGROUNDS

The batteries reviewed here differ substantially with regard to their
underlying theoretical frameworks. So far we have identified the following
theoretical backgrounds:

CTS ~— > MULTIPLE RESQURCE THEORY
BBN ~-- > GENERAL INFORMATION PROCESSING THEORY
BAT — > FACTOR ANALYTIC APPROACH
TTP ~— > ADDITIVE FACTOR APPROACH

For identifying the appropriate bases for a future battery, it seems
necessary to review the theoretical frameworks found here and to evaluate
which are the most promising with regard to the aims of this project. This
should be one of the points for future work. Investigations should focus on
the question whether the underlying framework is a broad enough basis for
guaranteeing a reasonable prediction of performance in more complex real-
life tasks. For instance, it has been repeatedly stated by major proponents
of the additive factor logic that the method is only applicable in limited
task domain (e.g., choice reaction tasks).

12
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Nevertheless the batteries do not differ that much in their choice of

laboratory tasks.

included in the batteries shows some surprising communalities :

The following table where we have summarized the tests

TASK BAT

BBN

Cts TTP

IPT

PAB

TRACKING
one-hand
two~-hand 13

TIME SHARING
tracking + choice reaction 3
tracking + memory
tracking + dichotic listening

10 7

DICHOTIC LISTENING

SELECTIVE ATTENTION

34

1210

VISUAL PROCESSING
mental rotation 5
embedded figures 10
probability monitoring
pattern recognition

~N

PERCEPTUAL MOTOR SPEED

128

MEMORY
digit span
Sternberg
continuous memory
digit recall
memory and visual search

~N O

N W

458

SEMANTIC PROCESSING
Posner 4
word meaning 1"
Stroop
sentence verification
Collins/Quillian

MATHEMATICAL PROCESSING

(S0 -3

36

MOTOR PERFORMANCE

RISK TAKING 9

ACTIVE INTEREST INVENTORY 12

(numbers stand for the

battery).
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In all batteries reviewed here we find identical categories of tasks.
The focus is on elementary perceptual-motor tasks, tasks testing elementary
memory functions and semantic processing. The reasons for the striking
resemblance between the batteries despite different theoretical frameworks
should be more closely investigated. Either these tasks indeed cover the
most relevant information processing functions or, in the other extreme,
; one battery has taken the other as a reference. Since none of these
) extremes appears to be true, the route from a theoretical framework to the
choice of the actual task sample should be investigated.
. Furthermore, the theoretical background and parameters of the
‘4 individual task setting should be fully explored to get a deeper insight
into the psychological processes involved in task performance. A next
question concerns whether the tests are reliable and valid and whether they

PR

| LYk Sl
"li

1,

i meet the necessary psychometric criteria. Do tests cover the most relevant

‘{ aspects of human information processing in order to account for a major
"y proportion of variance in the performance of a real life task?

4 Another striking resemblance relates to the fact that all the

e batteries reviewed here do not incorporate tasks that are supposed to tap

higher mental functions like decision making or planning. In general, the
more strategical aspects of behavior are neglected. Instead the focus is on

b9

N elementary cognitive functions. It remains questionable whether a test
N device for performance in real-life tasks can afford to ignore the
- psychology of the 'mental executive' — a higher order process with the

primary task of selecting and sequencing elementary cognitive functions.
In that context i' should also be mentioned that all theoretical
frameworks are related either to the classical psychometric approach with

¥
a

K’ factor analysis as its principal methodological tool or to the information
::: processing paradigm where it is taken for granted that every person does
W the test in the same way. There is increasing evidence that even in
B elementary paradigms the tasks are performed with different information-
processing strategies. As long as these strategical aspects of behavior are

N not controlled and diagnostically evaluated a reasonable validity cannot be
N expected — especially not for the prediction of performance in real-life
PO tasks. According to our view some extended effort should be spent on the
[~ design of new experimental paradigms and not on re-arranging already
{? existing ones.

KR

g INTENDED PURPOSE OF BATTERY

o

\ﬂ It does not become clear in most batteries what are the basic
- intentions behind its construction. We may assume that in nearly all cases
e the assessment of reliable differences between persons has been the major
54 aim. However, as Broadbent (see section on interviews) has pointed out the
;ﬁ: selection of subtests and their psychometrics may be radically different if
L one intends to measure the short-term effects of drugs or other stressors
2 or of reliable personality characteristics.
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3.  METHODOLOGICAL ISSUES AND THEORETICAL OVERVIEW
3.1. METHODOLOGICAL ISSUES
ALTERNATIVE APPROACHES

The most direct approach to predicting on-the-job performance is a
work-sample test. One simply allows the person to perform the relevant task
using operational equipment, and evaluates that performance. Such a method
is widely used in evaluating musicians and actors; in the entertainment
field, it is called an "audition". Despite the appeal of this method, it is
usually impractical for one of three reasons. First, there may be safety
considerations that 1limit the use of operational equipment by persons of
uncertain ability. For example, one would not wish to test the effccts of
drugs on pilot performance in a real airplane, even if laws and regulations
permitted it. Second, one is often looking for aptitude—the ability to
learn to do the job--rather than existing skill. Obviously we cannot obtain
a work sample from an applicant who has not yet learned to do the job.
Third, considerations of cost and equipment availability may preclude
testing in an opera.ional context. The hich cost of operating real
aircraft, tanks, ships, etc., make it impractical to conduct research on
(e.g.) environmental stressors using operational equipment.

When the operational context cannot be used, for whatever reason,
three principal alternative possibilities are evident; these are
simulation, paper-and-pencil testing, and laboratory performance testing.

Simulation refers to the use of a functioning replica of the
operational equipment/ situation for research, training, or selection (see
also Section 2.1.). Simulators vary in fidelity from high fidelity, full
mission simulators, 1in which the equipment and procedures are highly
realistic, to low grade simulators in which only one or two operations of
the real equipment are simulated. Simuiations differ from standard
laboratory tasks in that an attempt is made to faithfully recreate the
function of the operational equipment. The principal limitation of a
simulator, aside from costly initial developmentt, 1is that it is highly
task specific, and must be redesigned for each change of application—often
simply to perform the same task with new equipment.

Paper-and-penci]l testing is usually aimed at testing a person's
knowledge--either job knowledge or some more fundamental cognitive ability
related to job performance . Knowledge testing is often quite effective in
determining if a person has the proper job skills, even without asking the
person to perform the job. Such tests tend to give a clear NO-GO for
incompetent applicants. For example, a brick layer who doesn't know what a
"bat" is, is clearly no bricklayer. There is the risk that a person may be
able to "talk" a good job but unable to perform, and that is one limitation
of this type of testing. However, where knowledge or cognitive ability is
at stake, paper-and-pencil testing (or its oral equivalent) is the method
of choice.

Laboratory performance testing has traditionally been used to test the
effects of experimental variables on some relatively simplified performance
such as simple reaction time, one~ or two-dimensional tracking, pattern
recognition, etc. Although it is often claimed that some variable will
affect real-life behavior in the same way it affects a laboratory task, we
have repeatedly stressed in this report that very little hard evidence is
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available to support this belief in the general case—and many of our
interviewces have questioned whether generalization from the laboratory to
real-tasks is ever justified. Despite this, recent results from some areas
suggest that, with proper attention to detail, generalization from
laboratory to the job can be supported (Sanders, 1984).

It is our position that these approaches are not redundant, and that
each has its proper place in the field of human performance research. We
see them as complementary, not at odds with each other. In particular, we
see a standardized laboratory task battery as filling a niche that neither
of the other approaches can fill efficiently. Compared to simulators,
laboratory methods have the advantage of general purpose applicability and
of being relatively inexpensive to implement and maintain. Compared to
paper-and-pencil testing, laboratory methods provide a better ability to
examine the perceptual-motor control and information-processing
capabilities of the subject.

THE MEANING OF STANDARDIZATION

In the field of psychometrics, the expression "standardized" refers to
a test for which the procedures for administration and scoring of the test
are precisely defined. This means that the instructions, method of
conducting the test session, test content, method of responding, and method
of scoring are ex.ctly the same for each individual being tested.
Authorities differ on the question of norms, some saying that a test must
have norms to be standardized, others saying that norms are not part of the
definition. All agree, however, that norms are necessary if a standardized
test is to be useful.

In the case of laboratory tasks, the notion of standardized testing
means that the experimental procedure, task parameters, methods of
responding, etc. must be precisely defined, so that the laboratory task is
carried out in exactly the ,ame way each time it is used. This has the
merit that experiments conducted in different laboratories can be directly
compared, and no allowances must be made for differences in procedure,
stimulus materials, response manipulanda, etc., etc. Such standardization
has obvious value to those who wish to use the results of research, if only
because the number of contradictory research results will be reduced. The
primary value, however, is that standardization makes possible the
establishment of meaningful norms, against which the effects of new
variables (e.g. drugs) can be assessed.

Standardization may cause some problems among individual researchers,
who may resent being told that they must follow one specific procedure. It
has also been argued that the regulation introduced by standardization may
also act to stifle scientific creativity. These various merits and demerits
must be weighed in deciding to promulgate any battery as the desired
approach for research by any powerful funding agency. It is our opinion
that the merits of standardization far outweigh other arguments.

In the course of this project, we have given some thought to the
task elements that require standardization. In this section we wish to
present a preliminary list of such elements for a limited selection of
tasks which our reviews indicate as promising candidates, and on which
meeting participants seemed to be in agreement. Neither the set of tasks
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nor the list of task elements is exhaustive; they should not be considered
definitive, but only as representative of the decisions that must be made
before finalizing any standardized performance testing battery.

LIST OF TASKS AND TASK ELEMENTS THAT REQUIRE STANDARDIZATION

1) TRACKING

a.
bl

o= IO Hh D QG
« * o o .

S

O o QO To N
e s s e 3 o &

N

I OO 0 QOO o Ww
. ® s s & s &

Q0O o &
e s o o .

type of display (pursuit, compensatory)

type of control (discrete, continuous, Tlinear vs. rotary, number of
dimensions)

type of input (step, ramp, sine, triangular, complex)

control dynamics (time lag, gain, control order)

preview

control-display compatibility (spatial, movement, conceptual)
spacing and predictability of successive inputs

single vs. muyltiaxis tracking

error feedback (accurate, inaccurate)

amount of practice

DUAL TASK PERFORMANCE

data limits (presence, absence, optimal loading)

structural interference (presence, absence, similar limbs, input organs)
resource~allocation instructions

modality specifity (same vs. different input systems)

response specifity (same vs. different response systems)

central processing specifity (verbal vs. spatial)

amount of practice

SPATIAL PROCESSING

paired vs. multiple comparisons

degree of rotation

angular disparity

avis of rotation

complexity of stimulus materials

familiarily of stimulus materials

kind of response ('same-different' judgement vs. telling from which
perspective a standard stimulus is perceived)

testing 'spatial orientation' (e.g. cubes comparison) vs. testing

"spatial visualization' (e.g. paper folding tests, form boards) vs.

testing 'spatial relations' (e.g. Cards, Flags & Figures)

CHOICE-REACTION PROCESSES

sensory modality (visual, auditory, tactual)
stimulus intensity/ contrast (low, high)
stimulus quality (intact, degraded)

stimulus content (verbal, signal lights, etc.)
stimulus similarity (similar, dissimilar)
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SN f. set of alternatives

WS g. S-R compatibility

N h. relative signal/ response frequency

. i. time uncertainty
Do Jj. response execution
k. amount of practice

»sr,:
v
o 5) MEMORY SEARCH
RO a. target set size
R b. target/ non-target category
¢c. sinile vs. repeated targets
s d. consistent vs. varied target set
,{3 e. modality
‘:y: f. type of target material (digits vs. letters)
. ﬁk g. amount of practice
W
*;i 6) LEXICAL AND SEMANTIC ENCODING (POSNER PARADIGM)
LGN a. size of units (letters, words)
izﬁ} b. ]gve] of encoding (physica]. name, category)
Ko ’n c. simultaneous/ successive matching
Y d. quality/ visibility of stimuli
i e. meaningful vs. non-meaningful units
o f. modality of presentation
S g. interval between prime and stimulus
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SELECTION AND EXPERIMENTAL USES OF A STANDARDIZED BATTERY
COMPARISON OF OF SELECTION AND EXPERIMENTAL APPROACHES

Research and applications in the field of personnel selection have
universally been of the correlational type, and have focussed on the
prediction of occupational success or on-the-job performance from predictor
data. Thus the fundamental basis of selection is the examination of
individual differences in predictor and criterion performance using
correlational methods. Put simply, people who get higher scores on the
predictor should get higher scores on the criterion if the predictor is
valid, Differences in group means arising from differences in experimental
variables across studies are generally ignored in correlational research as
simply another kind of constant error that has no influence on existing
correlations.

In contrast, experimental research is concerned with consistent
differences caused by variation in experimental variables, and the focus is
on group means. In experimental research, then, with rare exeptions,
individual differences are simply a nuisance and are treated as
experimental error. Only in recent years have correlational data been of
interest to experimental psychologists, either in the growing acceptance of
adjunct correlational techniques such as analysis of covariance or
multivariate analysis of variance, or in the study of attribute-treatment
interactions in human performance.

The predictable resuilt of this history 1is that, for practical
purposes, there are no normative data for Tlaboratory tasks and few
correlational data relating these tasks to either occupational success or
real-life task performance. In addition, traditional reliabilities (test-
retest, split-half, etc.) are rarely known for laboratory tasks. Only in
the case of military aviation, where there has been a great deal of concern
for predicting success in training, has there been much progress in
relating Tlaboratory tasks to real life performance, the classic case was
the outstanding successs in selecting pilot trainees in the U.S. Army Air
Forces during the second world war (Guilford, 1954). However, even in the
extensive military research, many of the results are of limited generality
or otherwise questionable.

The opposite face of the coin is that predictors for selection use
have rarely been studied experimentally. Such predictors are often in the
form of paper-and-pencil tests, usually testing occupational knowledge,
general knowledge, or specific skills such as verbal ability, mathematical
aptitude, problem solving, mechanical reasoning, or Jlogical reasoning
skills. While there would be little difficulty in researching the effects
of experimental variables on paper-and-pencil test performance, it is our
opinion that such research has not been fruitful, and would be of 1little
use in developing a standardized task battery.

BATTERY VALIDATION FOR SELECTION
The process of validating a predictor test for selection purposes is
straightforward, though not necessarily easy. One first chooses one or more

criteria of successful job performance. The difficulty of finding 'good"
criteria 1is pervasive in selection work, and is known as the "criterion
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0N problem"., Next, the task battery is administered. The scores on the various
0 tasks are then correlated with each of the job criteria. For each
{j- criterion, optimum weights are selected for best predictors by multiple
o correlation technique. In the selection process itself, the applicants are
- ranked according to their composite score (based on the several best
) predictors), and the highest ranked applicants are selected for hiring,
:;A training, etc. There is no specific size of multiple correlation
A coefficient at which one says "the prediction is valid", although minima
::4 such as +.40 or +.50 are sometimes mentioned. Rather selection is a
B\ relative process; if your correlation coefficient is higher than that of
) other possible selection methods, the results are likely to be acceptable,
even in the case of legal challenge.
Ny As will be discussed in Section 3.2., Fleishman and associates have
e enjoyed substantial success in using the factor-analytic approach to
N develop sets of tasks for use in predicting on-the-job performance. Thus,
P although we are not fully committed to the selection use of a standardized
Xy battery, we have adopted a "wait-and-see' approach to this question; as
-~ Phase Il develops, ** should become clear whether a general purpose battery
‘ﬁa as envisioned by meeting participants and interveiwees will have any
o substantial utility for selection purposes.
.\::
A:: USE OF A STANDARDIZED BATTERY IN EXPERIMENTAL RESEARCH

The validation of a standardized battery for research uses has a
e substantially different character from selection validation. The goal here
b - is the demonstration that important variables affect performance on one or
' more battery tasks in the same way that they affect a real life task. For
example, if drugs affect tracking performance in laboratory in the same way
they affect manual control in an aircraft, we are justified in concluding
that the tracking task is a valid predictor for manual control 1in the

,L: aircraft. Notice that individual differences are not the central issue;
s irdividual differences become important only in the case of attribute-
:": treatment interactions, which are admittedly rare.

N The crucial factor is that with a validated battery, one can then
.l conduct research 1in the laboratory with reasonable assurance that the

results can be general‘zed to a specific real life task. This not only
X permits substantial cost savings, but becomes critical when safety or other

ﬂ; considerations prohibit needed experimentation in the operational
- environment. While a fully validated simulator (such as the ASPT facility
n operated by the Air force Human Resource lLaboratory at Williams AFB in
-t Arizona, or the TNO simulator on manouvering ships at Soesterberg, NL) can
_ also perform this function, there are few fully validated simulators, they
[ are expensive to develop, operate, and maintain, and their operating time
b is essentially completely committed to other uses.
#:- It is important to recognize that general purpose validation cannot be
:jtf done in the early stages of development. The battery must be revalidated
e with respect to every real life task, 1including the case of the same task
, in different settings (e.g. freeway vs. city driving). Whether the future
A accumulation of results will permit broader generalization remains to be
:i: seen,
0
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3.2, THEORETICAL OVERVIEW

‘e,
s

THEORETICAL AND OTHER BASES FOR A STANDARDIZED BATTERY

Ry
.o
e
«'e

P RANDOM, INTUITIVE, AND PRACTICAL BASES
N One possible approach is simply to generate a long list of candidate
’ tasks, and to select randomly from these the desired number of tasks.
P Obviously the probability of selecting an effective battery by such a
:3: procedures is so small as to be negligible. However, a 1list of the
- problems with this approach may be instructive. First, cne runs the risk
NN of selecting several tasks of similar type, so that little is gained from
e using more than one of these. Second, crucial areas of tasks are likely to
I be omitted, so that the resulting battery covers only a limited portion of
e the relevant field. Third, because we know nothing about the composition
25 of the tasks, the discovery that some important variable affects one or
N more of the tasks leaves us in the dark as to what aspect of the task is
Ky affected, and thus we will be unable to generalize the effect to other
“;3 variables. Fourth, there are political problems to be faced in defending
o the battery from the onslaughts of those who are already committed to other
Al task batteries, or from those who want to know the scientific rationale for
AN inclusion of the various tasks.
5 Another approach is to choose tests on an intuitive basis, that s,
8. o choose tasks that one "feels" will provide a suitable spectrum of tasks to
L cover most needs. As one example, one could, with some justification say
"we need a manual task, a pedal task, an arm-strength task, a leg-strength
N task, a visual task, an auditory task, etc., etc. To the extent that the
G battery constructor is gifted with an uncanny sense of intuition, this
o procedure might even work. However, most of us are not so gifted.
Q? Furthermore, it is clear that no two individuals will agree on the
Wwa composition of the battery, if inclusion of tasks is to rest solely on
) individual opinion.
o
‘:}: A third approach, which apparently has entered into the composition of
T more than one test battery, is practicality. If one already has the
(_xbf software for certain tasks, other tasks become less appealing; the same is
nYy true for tasks that are easy to administer, or for tasks with which one is
N thoroughly familiar and comfortable. There is, or course, necessarily an
2P element of practicality in the construction of any battery by any approach.
A5 An eight-hour vigilance test or a task requiring a multimillion-dollar
‘ot computer is not likely to appear in anyone's battery. But practicality
oy should be assessed only near the end of the selection, rather than in the
.sf original screening of tasks.
Fortunately, there exist more rational approaches to selection of
3 tasks for a battery. These are discussed in the following sections.
N
- RATIONALE FOK TEST SELECTION
-‘~I
y We take a strong position that one cannot simply throw together a set
s of tasks without 1looking more deeply to see what underlying skills and
-3:: processes are being affected. It is tempting, of course, to include tests
v
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that have already been shown to be sensitive to the effects of some well
known factor, for example, RT and alcohol. However, the existence of one
or more known effects 1is no guarantee that the test will prove to be
sensitive to other factors or classes of factors. Furthermore, there may
be interactions that lessen or heighten the effects of some factor, for
example, the well known synergistic effects of tranquilizers and alcohol,
or the decrease of some effects with practice.

Thus, within any task, we need to examine in more detail the component
processes or elements, so that it becomes possible to pinpoint the specific
effects of an experimental variable. To do this requires a suitable model
or theory of the task. Four major approaches may be identified, which
provide useful models for establishing task batteries. These four are
factor analysis, general information processing theory, multiple resource
theory, and the processing stages model. In summary, the use of a suitable
model or theory permits both the rational selection of tasks for inclusion
and the detailed evaluation of the effects on these tasks of environmental,
task, and internal bodily variables.

FACTOR ANALYSIS

A correlation coefficient is an index of the degree of relationship
between two dependent variables, that is, two performance or response
measures. The fundamental tenet of the factor analytic approach is that a
significant non-zero correlation between two variables indicates the
existence of a common underlying factor that, at least in part, determines
the scores on both variables. Take, for example, the well known
correlation between self-reports of cigarette smoking and the incidence of
lung cancer. Obviously the self-reports of smoking do not "cause" cancer.
Instead, the significant correlation indicates the existence of a common
underlying factor, namely that the respondents did smoke cigarettes to the
degree indicated, and that the smoking itself underlies both the self
reports and the occurrence of cancer. Discovering and clarifying such
common factors is the basic function of factor analysis

Factor analysis begins with a correlation matrix that shows the inter-
correlations of many variables. [t attempts to explain the patterns of
intercorrelation by deriving a smaller number of factors that, in turn,
would generate such a pattern. This provides a high degree of economy,
because having to propose a separate common factor for every correlation
between two measures generates unmanageable numbers with even small sets of
variables. For example, with five tests, there are 10 possible inter-

correlations, and in general, with x tests the number of pairs is (X*X-X)/2.

In general, the number of factors is substantially less that the original
number of variables; for example, if we have five tests of finger dexterity
in our set of tests, we may very well find that a single factor accounts
for the majority of the variance in all five tests.

The first product of a factor analysis is a factor matrix showing the
"factor loading" of each test on each factor. This factor loading is an
estimate of what the correlation would be between the test and a ‘'pure
test of that factor, and indicates the degree to which the test contains
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that factor. Obviously factorially pure tests don't exist, but sometimes
we find that one or another test is close to being a pure test of a factor.
The next step is to identify each factor. If we find that a factor shows
high loadings for tests of basic arithmetic, number series, mathematical
reasoning, etc., we are tempted to identify this factor as "mathematical
ability." With larger collections of tests, we may find that this factor
really contains several component factors, such as number fluency,
mathematical reasoning, and computational ability.

Factor analysts are divided on the Ph1losophica1 basis of factor
analysis. Some hold that there are "real" factors in nature, which are
there to be discovered in the analysis. That is, there exist such
abilities as mathematical, verbal, and mechanical ability, and that our
analysis will uncover these factors if we are clever enough to include the
proper tests in our battery. The "real factor" approach is necessarily
based on some theoretical view of the structure or function of human mental
processes and abilities. The opposite-—-and more popular--viewpoint is that
a factor analysis is merely a way of looking at and summarizing data; that
factors do not exist in themselves independently of our analysis, but are
an interpretation of our data. However, the "data summary" people are
willing to accept their own results as describing the state of nature, even
though the "data summary” approach is largely atheoretical.

Prominent among the "real factor" theorists is J. P. Guilford, who has
proposed a three-dimensional model called the "Structure-of-Intellect"
(Guilford, 1977). The dimensions of the Guilford model are Contents,
Operations, and Products. In this system, the Contents represent types of
information that the organism can discriminate (visual, auditory, symbolic,
semantic, and behavioral); Operations are the kinds of intellectual
processing that can take place (evaluation, convergent production,
divergent production, memory, and cognition); and finally, Products are
intellectual outputs resulting from the organism's processing (units,
classes, relations, transformation, and implications). This scheme was
constructed a priori on the basis of Guilford's vast experience in the
fields of intelligence, creativity, and performance measurement. To
Guilford, the boxes in this three-dimensional model represent real
entities, and the discovery of tests or test combinations to "fil1" each of
the boxes has been a major thrust of Guilford's research program. For
example, the digit-span test (Wechsler, 1944) could represent an entry in
the Auditory-Memory-Units box of the model.

In contrast to the real-factor approach, the data-summary approach
starts with only a loose set of hypotheses about the nature of the factors
to be uncovered. It is important to recognize that even the data-summary
people do not start in a vacuum--without certain preconceptions, one would
not know which tasks to study. One starts with observed consistencies in
task performance, proposing abilities to account for these consistencies.
Following this, the nature of the ability is further refined by careful
factor-analytic correlational research. The goal is the selection of a set
of tasks in such a way that each major underlying factor is represented in
the task battery. This assures that experimental effects on each of the
major performance factors can be evaluated.
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A prominent figure in the development of task taxonomies on the basis
of factor-analytic research is Fleishman (Fleishman, & Quaintance, 1984).
Fleishman has carried out an extensive research project to identify major
performance factors, to generate thereby a taxonomy of tasks, and finally,
to create a set of rating scales so that the degree of each element of the
taxonomy in a task can be reliably assessed. Fleishman used the result of
factor analyses, both his own and those of others, to derive a list of 37
basic human abilities; these abilities ranged from verbal comprehension to
control precision, and are tied directly to tests and laboratory tasks
through factor analysis (Theologus, Ramashko, and Fleishman, 1973),
Subsequently this list was expanded to 52 abjlities, and published as the
Manual for Ability Requirements Scales (MARS)(Fleishman, 1975; Schemmer,
1982). In the MARS manual, each scale is accompanied by a verbal
explanation and behavioral anchors are provided in the scales themselves.

In summary, the factor analytic approach requires that one develop a
set of tasks that cover the entire spectrum of relevant abilities. These
tasks are related to the underlying ability factors by factor analysis, and
scores on these factors can be derived from task scores by simple
computations using the coefficients obtained in the analysis. Thus the
effects of experimental variables on the basic underlying abilities can be
determined. By inclusion of criterion scores from real-life tasks, one can
also determine the relevance of experimental effects to real-life
performance. Thus the use of factor analysis frees one from the intuitive
quasi-inferences that derive from trying to interpret (e.g.) an
experimental effect on reaction time in terms of real life performance such
as automobile driving.

Both the real-factor and the data summary approaches have their
advantages and disadvantages. First, a pure data-summary approach is not
feasible, because, without some preconceptions, one would not know which
tasks to include in the research and asnalysis. The data-summary approach
is heavily subject to the choice of tasks, and it is conceivable that one
may leave out an entire performance area unwittingly, by simply failing to
include the relevant tasks in the research battery. In contrast, the real
factor approach rests heavily on the investigator's wisdom in including all
of the relevant dimensions and levels of dimensions in his original scheme.

There are, of course, more general concerns that apply to factor
analyses of any type. The first is the indeterminacy of factor solutions;
the final set of factors depends in part on the method of factor
extraction, and perhaps more heavily on the adjustments that are made in
the computations, called "rotations." This indeterminacy was so compelling
to Guilford that he once (Guilford, 1954) suggested that, when all else
fails, one should "rotate to psychological meaning" (p.509).

INFORMATION PROCESSING THEORY
Only a short remark on "“information-processing theory": One frequently
sees in the literature references to "information-processing-theory", as if

there existed a single well defined theory qualifying for this title. In
fact, such an expression refers to a large, amorphous mass of ideas and
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microtheories, many of which are mutually contradictory, and very few of
. which could genuinely be characterized as well developed theories. Included
3 in this mass are such ideas as e.g. Broadbent's early "single channel"
b notion of input to the processing system.

; ) For this report, we have chosen to single out two of the best
developed theories for which there is now substantial empirical support,
and which provide reasonable theoretical bases for the selection of tasks

: for a standardized battery. The two major approaches discussed below enjoy
»f widespread support among experimental psychologists, although it is
W universally recognized that neither provides a complete account of all
:5 aspects of human information processing.

N)

¢ MULTIPLE RESOURCE THEORY

!

W It has long been known that attentional capacity is limited. Even the
& ancient Greeks debated the question of whether or not it is possible to pay
o attention to more than one thing at once (Boring, 1950; James, 1890). With

the growth in popularity of information-processing ideas, this became
translated into the concept of limited information-processing capacity.
The first popular idea was that the organism has a single, global,
undifferentiated processing capacity, which is allocated--either through
intermittent time sharing or through simultaneous apportioning—to the
various tasks demanding attention. When all resources are being utilized,
increases in the resources (capacity) devoted to one task were necessarily
taken away from other tasks, causing a decrement in performance of the
other tasks (Moray, 1967; Broadbent, 1958).
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The notion of a single pool of attentional or information-processing
resources has proven impossible to sustain. Wickens (1984) has pointed out
several reason for this. First, in numerous cases, the interference
between two tasks is related, not to their difficulties, but to their
structures. For example, keeping pressure on a stick interferes much more
1 with tracking than auditory signal detection, even though the detection
o task was judged much more difficult. Presumably this is cause by the
greater structural similarity between between maintaining stick pressure
and tracking.

Second, certain combinations of tasks demonstrate "difficulty
n insensitivity." This means that increasing the difficulty of one task,
which should consume more capacity or resources, does not affect

-
.

% performance of a second task. An example cited by Wickens was a case in
L which three different levels of complexity of a discrete numerical response
- task interfered equally with performance on a tracking task.

)

Third, two tasks that obviously demand substantial attention can

\ sometimes be time shared perfectly. Wickens describes cases 1in which
\ skilled pianists can time share sight-reading music with verbal shadowing
) without decrement to either task; the same result was found with with
- skilled typists transcribing written messages.
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Ry Although some of these results might possibly have alternative
: ; explanations, such as automatizing of one or another task, various
N investigators (Navon & Gopher, 1979; Sanders, 1979; Wickens, 1979) have
¢ proposed a "Multiple Resource Theory" (MRT). This theory proposes that

4o
3&%& instead of a single undifferentiated pool of processing capacity, there are
* several independent sets, or "pools" of resources. The fundamental tenet
e of the theory is that if two tasks draw heavily on the same resource pool,
s they will interfere with each other; if they draw on separate resource
i pools, there will be no mutual interference when the tasks are performed
AT together, and changes in the difficulty of one task will have no effect on
ﬁ&df performance of the other. In sum, two tasks will interfere with each other
S to the extent that they share the same resource pools. It is important to
o note that a given task draws from its resource pools regardless of whether
RO, or not it is being performed in conjunction with other tasks; the dual task
i%g" methodology is used only to determine which pools are shared and which are
Q@ independent. Thus MRT is not inherently tied to dual task methodology.
!"l »
Q&k MRT, as proposed by Wickens, conceptualizes resource pools as lying

;:: along three dimensions, Stages (encoding, <central processing, and
responding), Modalities (visual and auditory), and Codes (spatial and
verbal). There is also a suggestion of a fourth dimension of manual wvs.

(0N
}351 vocal responding, but this is not specified as being separate from the
éﬁ: spatial vs. verbal dimension. One interesting point of the model is that
A Wickens conceptualizes both encoding and central processing as representing
the same resource pool. This is a major difference from the "stages"
RINE, formulation, to be discussed below. 1in which input processing and central
:bx: processing are considered to be independent processes. Although Wickens is
1S aware that new data might force the inclusion of more levels of any of
izﬁt these dimensions (such as needing to include a tactile or kinaesthetic
f_fk modality) he warns strongly against allowing the model to expand
, indefinitely.
k- E In using MRT as the basis of constructing a test battery, the goal is
$ﬁ to select a set of tasks so that each resource pool is represented in the
N %) battery,  Furthermore, when a dual task test is included, one must pay
Y strict attention to whether the two tasks share the same or separate
e resource pools. The obvious difficulty in this approach Tlies in the
.6 limitations of the model. As mentioned above, it is not difficult to
o propose resource pools not included in the model--tactile or kinaesthetic
:‘ A modalities, for example. It is conceivable that there exist environmental
oy or drug effects on these modalities that are only minor for visual and
plolgd auditory modalities, and might thereby pass unnoticed. The same
B considerations arise when interpreting results obtained with such a
oD battery. To the extent that the set of tasks covers all relevant resource
. o{ pools, an effect of some stressor should appear at some point 1in the
R, battery. With a sufficient number of tasks of varied kinds, it should be
{ﬁ{ possible to pinpoint which pool or pools is being affected. This in turn
h ~ should allow a fine-grained analysis of the effects of the variables in
K2 question,
;f*; The MRT is still somewhat controversial among psychologists.  Some,
ML for example, have taken the position that there exists an undifferentiated
- central resource pool accompanied by numercus independent dedicated
o
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resource pools {(Neisser, 1976). Others feel that there is too much danger
of proliferation of resource pools, so that, 1in the end, one is left with
an unwieldy concept of little or no practical wutility. Finally, others
have questioned the notion of complete independence of pools, ‘'ith the
implied notion of separate processing systems for different kinds of
information. It is, in fact, difficult to conceptualize a system in which
visual attention to spatial and verbal information operate simultaneously
and independently of each other, However, the data seem to support the
existence of a multiple resource system much like that proposed by Wickens,
- for a more detailed discussion of this issue, and a review of the
relevant literature. see Appendix 5.4,2.

STAGE THEORY

As the information-processing approach to complex human behavior grew
in popularity during the period from 1950 to 1970, psychologists began to
discard the notion that complex behavior could be broken up into separate
islands labeled "perception,” "learning,"'"motivation,'" etc. In its place,
there arose a conceptualization that behavior could be best understood by
examining the flow of information through the organism, from sensory input,
through detection, encoding, and recognition, to central processing,
response selection, and response generation. Simple linear models were
proposed for this process, most of them like the following:

Stimulus 3 Input Central N Qutput — Response
Input Processing > Processing Processing Output

During the late 1960s, it was proposed that the processing of stimulus
input takes place 1in a series of non-overlapping independent stages
(Sternberg, 1969). Sternberg's work was concerned primarily with reaction
time, 1in particular, the time required to search memory and decide if a
stimulus probe is a member of a pre-memorized set of materials. Sternberg
proposed that reaction time is simply the sum of the times required by the
individual processing stages: the notion of independence implies that two
variables that influence a common processing stage will interact.
Correspondingly, if two variables affect only d: "ferent stages, their
effects will be additive, that is, they will not interact. This is the
source of the title "additive factors method" often associated with this
approach to the study of information processing.

The initial version of processing stages theory included only three
stages--perceptual encoding, response selection, and response execution.
The central portion, response selection, included such processes as memory
search and decision to explain processing in a traditional choice reaction.
In more recent years as many as six stages have been proposed (Sanders,
1980). As with Multiple Resource Theory, authors have warned against
allowing the number of stages to proliferate.

The use of the processing stages model! for selection of a task battery
poses a difficult problem. As Sanders (1984) has pointed out, the
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processing stages model has shifted the emphasis from comparing tasks to
comparing variables. The scope of the processing stages approach is, in
fact, limited to the variety of multiple choice reaction and memory search
tasks. This implies that one or two tasks will suffice for the assessment
of processing-stage effects in a standardizxed battery. The actual effects
then must be assessed by studying the effects of known and standardized
variables on performance. For example, it is well known that variations in
stimulus quality affect aspects of stimulus encoding: "fuzzy" stimuli
require longer to encode, and raise overall reaction time. One can imagine
that a drug that mimics this effect, by reducing the clarity of vision, may
also raise overall reaction time, without simultaneously influencing the
effect of number of stimulus alternatives (which affects the central
processing stage)

Sternberg {(1969) and others have pointed out that there is a
distinction between processes and processing stages. Processes take place
within stages. For example, memory search and the yes-no decision
concerning the stimulus both take place in the central processing
("response selection") stage. This suggests a further elaboration of
battery development. Perhaps one should select not only tasks and
variables that will distinguish between stages, but tasks that can be
clearly tied to one or another process within stages. It is not entirely
clear how this can be done rigorously, avoiding the need for intuitive
judgement concerning the existence or non-existence of processes.

In summary, a processing stages model cannot provide a complete basis
for a task battery, because it deals with a limited set of tasks which
clearly do not cover the entire spectrum of human performance. Instead,
for those reaction tasks that are included, the processing stages model
provides a means for a finer grained analysis by isolating the effects of
important variables to a specific stage of processing. Like the other
theories presented here, the processing stages mode]l and the additive
factors method associated with it are controversial. However, as a
practical matter, stage analysis holds great promise for helping establish
at least one major portion of a standardized task battery. More detailed
discussion of stage analysis and the additive factors method, together with
a review of the empirical literature on choice reaction time and memory
search are found in Appendices 5.4.4, and 5.4.5.
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4. CONCLUSIONS AND RECOMMENDATIONS

1. It s encouraging that most interviewees were positive toward the
idea and the feasibility of a standardized task battery for human
performance research, despite the fairly general consensus that simple
laboratory tasks cannot be supposed to be highly predictive with regard to
complex real life tasks. The lack of predictive power seems to apply
irrespective of the envisaged purpose of the battery-—whether personnel
selection, assessing environmental effects on performance, or predicting
system performance. The notion of standardization has considerable appeal,
if only to permit comparisons between the results of different laboratories
and a more systematic attack on the question of the wultimate predictive
value of various laboratory paradigms.

2. It is interesting that there are considerable commonalities between
tasks in the various existing batteries (see table in section 2.2.), and
among the preferences expressed in the interviews. The following is
a minimal list of tasks or which there was widespread agreement:

a) tracking—-preferably a critical instability task (see review
5.4.1.),

b) dual task performance--in which one of the tasks 1is wusually
tracking, combined with a discrete task that often has a short-term
retention component (see review 5.4,2.),

c¢) visual processing-—with an emphasis on mental rotation, pattern
recognition, or embedded figures (see review 5.4.3.),

d) choice reaction processess—-preferably tasks in which the effects
of some critical variables are determined (see review 5.4.4.),

e) short-term retention measures—-Sternberg's memory search and

on‘1nuxng memory tests are the most popular (see review 5.4.5.),

3 Tinguistic and semantic processwng-—ma1n1y relating to Posner's
matching paradwgm and Baddeley and Mitch's sentence verification task (see
review 5.4.6.).

It should be noted that these paradigms also appear in a recently
propo-ed list for a tri-service battery of performance tests. Again, they
show a considerable convergence with the 1ist that appeared in the
proceedings of the Paris meeting on standardization (27-29 May, 1986).

3. t should be clear that a decision to limit the battery-—at least
for the immmediate future—to these types of tasks is merely a first step.
The next issue concerns the determination of the optimal set of parameter
values and other characteristics of each individual task. On the basis of
the reviews of the literature, we have prepared a list of some major
parameters needed to be set (section 3.1.). Choosing a collection of tasks
15 relatively straightforward; determinig their final shape requires a
considerable  amount of additional thought and consideration, and
experimental tryocut as well,

4, It is widely felt that a task battery consisting of tasks as
outlined in Conclusion 2 puts too much emphasis on perceptual-motor
performance, and fails to give enough emphasis to strategical elements of
performance, It should be added that additional items proposed for the tri-
service battery inciude vigilance, pattern comparison, code subsitution,
time estimation, interval production, and Stroop interference, which also
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- tap classical perceptual-motor performance. A more careful inspection of
i items in the various task batteries shows the same trend with the possible
o5 exception of "risk taking" in the BAT and "probability monitoring" in the
2 CTS. In the probability-monitoring task, subjects decide about deviations
..ﬁ from randomness, which presumably does not carry beyond perceptual
3# <t processing. For the risk-taking test, subjects maximize gains by opening a
) number of boxes. Each box delivers a certain financial benefit, except for
one box which inflicts a considerable loss. Although it cannot be denied
N that the risk-taking contains cognitive and strategical elements, it is
AN still closely bound to classical decision research.
;:3” It is probably not surprising that cognitive and strategical aspects
AN are not emphasized 1in existing batteries, since well researched
R experimental paradimgs underlying such tests are not yet available.
Consideration and further development of such tasks is a major issue for
AN future research.
'w WY
:QR 5. Conclusion 4 can be extended by noting that, as yet, our project
o does not propose a major orgnisational scheme or taxonomy. Yet it seems
ff\h impossible to do a proper job of developing a battery unless such a scheme
= * is available to insure that nothing is left out.
o d The principal effort toward formulating a task taxonomy is undoubtedly
$§§ contained in the research of Fleishman and his coworkers (Fleishman &
q{k; Quaintance, 1984). Although the majority of the interviewees rejects the
350? correlational  approaches advocated by Fleishman in favor of the
ey information-theoretic approach-—as also exemplified in the present report
Wb by the way of the theoretical reviews underlying the tests of the various
A batteries—-there is an obvious need for better communication between both
\Efé approaches. This concerns the communality between the respective task
Ny batteries as well as the task analysis approach for characterization of
e real life tasks.
W
e 6. This report has relatively little to say about the crucial question
] of how to relate the laboratory-based tests of any task battery to on-the-
N job performance. Many interviewees felt that laboratory tasks have little
::xj- predictive validity because of (a) their context reduced nature, (b) the
Py failure to account for interactive effects as observed in more cognitive
fi{j— skills, (c) the failure to include strategical effects, and finally, (d)
RN the low level of practice that is accomplished in laboratory tasks (see
section 2.2.). In fact, the much discussed predictive validity of
Oy laboratory tests is more a hypothesis than an established truth. However,
w5 if this feeling were generally valid, and if a task battery would
e ultimately fail to reflect important aspects of real life performance, the
L SATI trade of investigating human behavior in the laboratory would make 1little
f;;ﬁ sense (see Sanders, 1384, for more extended reflections on this issue). Yet
N the situation dces not appear to be that dim, and we do not share the
TEeE pessimism evident 1n some of the interviews, (see also Broadbent's remarks
g3 in section 5.2. for a more positive outlook).
j;:z Clearly a major task for future research, and for this project
*jﬁf specificelly, consists of validating standard laboratory tasks, using real
) life settings that permit the development of reasonable criteria. One major
? difficulty 1in that effort will obviously be that real 1life performance
FEsy validation suffers from the usual criterion problem, which renders the
’i:. process quite difficult. However recent developments have been encouraging;
) "\-.r
"o
o N
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car driving 1in experimental cars that allow measurement of various
behavioral and psychological parameters is a case 1in point. This
recommendation is fully in line with the back-to-back experimentation
procedures suqgested by Gopher and Sanders, 1984.

7. In the near future it will be time to decide whether we wish to
pursue a fixed-content or a "laundry-list" (variable-content) approach to
battery development. A good case can be made for either, A fixed-content
battery is one in which a specific set of tasks is defined, and which
purports to cover the entire field of interests. The classical examples of
fixed-content test collections are the Stanford-Binet and Wechsler
intelligence tests. The variable-content approach, 1in contrast, is one in
which a much larger set of tests is standardized, and one selects a subset
of tests for each application. Such an approach provides a greater
flexibility in that tests can be added as desired, and that one needs not
administer tests that have been shown not to predict in a give situation.
Many of our interviewees expressed a concern that a single fixed-content
battery would never be able to cover a sufficiently broad spectrum of human
performance to be of general use.

We would be most comfortable with something like an "enzyclopaedia' or
handbook of standardized tasks, complete with norms for each task. Subsets
of these tasks could then be validated for specific real life tasks. Such a
handbook could be expanded as opportunities arose, for example new tasks
could be added as they are invented. Clearly any fixed-content battery put
together 20 years ago would suffer from omission of many procedures that
are considered useful today (e.g., Shephard's “mental rotation"” o
Sternberg's memory search).

We envision this proposed handbook as something similiar to the U.S.
Pharmacopoeia, only with a list of "recognized" standard procedures rather
than drugs. The only problem we foresee is the resistance from experimental
psychologists, who are likely to feel that someone is dictating to them how
to conduct their research. Despite this, we have felt for some time that
something like a handbook of performance .easurement is badly needed, if
only to reduce the frequency with which our collegues have to "reinvent the
wheel"; while on sabbatical at NASA, one of us (Haygood) was struck by the
fact that every new project brought forth the cry that "we have to deal
with the measurement problem".

We have been impressed by the fact that several exellent task
batteries already exist, and that identifiable deficiencies in these
batteries would be easy to rectify by adding more tests. It is clear that
the value of the current projerct lies, not in developing yet another
battery (just 1like all the rest, albeit a bit more complete), but in
examing the fundamenta! premises on which most batteries are contructed.
Specifically, we recommend exploring in depth the variable-content or
"Pharmacopoeia" approach during Phase [I. This recommendation would clearly
lead to an expanded candidate list of tasks, and would viviate the
destructive effects of discovering that one or another task was inadaquate
for the purposes of a standardized battery.

o
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5.  APPENDICES

5.1.  PROJECT EXPLANATION FOR INTERVIEWEES

Prior to the interviews the interviewses were briefed about the
project by reading the following explanation:

STANDARDIZATION OF PERFORMANCE TESTS:
A Research and Development Project

A major problem today is that researchers in human performance have
used a variety of experimental methods and tasks. Even when the task is
ostensibly the same (e.g.. the Sternberg memory-search task), experimenters
have used different task parameters, equipment, stimuli, instructions, etc.
This lack of standardization has created several problems for those who
wish to use results for practical decision making. For example, there are
no norms for the various experimental tasks. In addition, there is a
widespread complaint that the methods and tasks used in the laboratory are
so simple and artificial that they have little or no applicability to real
world tasks. We are starting a project (for the U.S. Air Force) dealing
with the possibility of developing a standardized battery of performance
tests.

Qur immediate task 1is to review the literature and talk to active
researchers and theoreticians in the field of skilled human performance.
For this reason we are interviewing a number of people who work in this

~

field. The information gained here will help guide our further efforts.

The wultimate purpose of this project is to establish a collection of
standardized laboratory methods for studying and measuring human
performance, and to clarify the relationships between these methods and the
components of important real world tasks,

Ideally, results should make it possible to provide 'standard"
versions of many tasks, so that
(a) Experiments conducted in different laboratories, by different
people, at different times, and with different subject populations can be
compared and integrated.

{(b) Norms can be established for each task, including not only norms
for various task parameters, but alsc norms for different types of subject
(age norms, sex norms etc.).

(c) Assuming that it is possible to perform meaningful component
analysis for real-life tasks, the relationships between such components and
laboratory-task performance, if any. can be established.

(d) The theoretical basis of skilled human performance can be further
developed, including aquesticns of linear-additive models, multiple vs.
single resource pool medeis, paraile’ vs. serial processing. etc.
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Qur first concern is that of feasibility. Can we, 1in fact, develoo
such a standardized battery? And if so, how can we best use the work of
others as a foundation for this project? What relevant sources have we :
missed?

We are, of course, also concerned with the desirability of such a
standardization. Some people feel that general acceptance of specific
methods of doing certain kinds of research would have a
constraining/limiting effect on research creativity. However, it is not our
int?nt to develop anything like a "skilled performance I.Q. test", and we
are certain that the existence of this battery wili not <constrain the
creative development of new laboratory methods.

The success of the project should provide some practically useful
benefits., In particular, it would be useful to have a standard set of tasks
to assess the effects of stressors such as drugs, noise, and lack of sleep.
In addition, it would be valuable to have a standard method of testing the
perceptual-motor load of many real-life tasks. Finally, an understanding of
the relationship between real-life task components and the standardized
battery of performance tests should be useful in personnel selection.
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Or. Donald Broadbent
Written Comments on discussion topics for 'Standarisation of Performance

Tests'

Preliminary

I ought to explain the difficulty I had regarding the whole list of topics;
namely that it was not clear what purpose was envisaged for a battery of
performance tests. There are three broad classes of purpose, and the
answers would be quite different for each of them. First, the battery of
tests may be used to assess differences between individual people. Second,
they may be used to assess the effect of some environmental conditions such
as drugs, anoxia, sleeplessness, and ciradian rhythm. Third, they may be
used to assess the impact of some proposed new task or sub-task on a total
complex of performance; for example, whether the use of verbal annunciator
systems for communicating information to the pilot will help or hinder
other activities in the cockpit. The requirements of a task battery for
these three needs would be different, for the following reasons. To assess
individuals, one wishes to find measurements that are extremely stable for
that same individual:; test-retest correlations should be high, inter-
individual variation large, and of course validity in this sense means a
high correlation between the individual differences in the test and
individual differences in the criterion performance. To assess
environmental changes, however, just the opposite is true. We want tests
which fluctuate markedly when the environment changes. Ideally furthermore
we want differences between individuals to be small, so that the
theoretically preferable separate groups designs can be used for comparing
environmental conditions. Both these factors mean that test-retest corre-
lations will be extremely low, and prediction of individual differences in
a criterion task from test performance will also be 1low. Validity in this
case means that the group average should change in the same direction in
the real task as it does in the test, which 1is a quite different
requirement from the first purpose. For the third purpose, one would like
tests in which the individual and environmental components of variance are
low, 1in order to increase the power of experiments. On the other hand, the
impact of changes in job design depends on the exact functional mix of
tasks being used, since for example the speech annunciator may have quite
different 1impact on other speech tasks and on visual tracking tasks. It
then becomes very important that the tests contain a representative sample
of tasks in each of the processing domains; which is not necessarily true
of tests wused for the other purposes. Because of this difference of
requirements, [ should have thought that the answer to all the discussion
topics would be different depending on one's interests; and that the
realistic aim wouid be for three batteries of tests rather than one! [ have
not recapitulated all this unger each neading.

1. This group uses a very wide range of methods. They fall into four main
classes.

(a) Methods for assessing effects of environments. These are intended to
test relatively isolated functions, and to cover a range of such functions
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because it is often unclear which ones are liable to be impaired by some
particular environment. There is a trade-off between the time taken by the
tests and the number of different functions that can be trsted; the most
common group of tests is a serial reaction time, syntactic reasoning,
sentence verification from common knowledge, and vigilance/running memory
(prolonged concentration). A1l these are microcomputer based and reasonably
portable. Other tests less used as yet include the Eriksen technique for
measuring effects of distractors (as discussed in may Aachen paper),
spatial non-verbal memory test, and tests of assignment of words to
categories.

(b) Methods of analyzing particular detailed function with traditional
laboratory designs. Most of the interest here lately has been in attention;
in addition to the Eriksen techniques, mentioned above, we use the
monitoring of rapid serial visual presentation lists in search of a target,
and lexical decision, In the field of memory, we tend to use serial
presentation of short lists under varying conditions of recall order, type
of stimulus, and activities intervening between presentation and recall.
POC analysis of the results is extremely illuminating.

(¢) Unconventional laboratory tasks of a simulation type: aimed at control
processes. These 1include computer simulated interactions with other
persons, simulations of running an economy, or managing a factory; in some
cases, playing fairly complex video games. Most activity in this area has
concentrated on the relation between explicit reportable knowledge and
successful performance that cannot be described verbally.

(d) Questionnaire studies. These are either characterisation of jobs on
various established scales (such as those of Karasek), or self-report
measures of current state, or chronic characteristics such as liability to
cognitive failure. Currently these questionnaires make the main bridge
between laboratory and the field, as they are used in both situations.

2. Particularly useful methods.

This question is very difficult to answer; for my own purpose, naturally I
regard the methods we are using as the best both theoretically and in terms
of generalised ability. They might well be unsuitable for people with
rather different interests.

3. Alternative metrics.

In one sense, clearly no information can be obtained about human beings
except in terms of what they do and the time at which they do it. However,
several measurements may be combined in useful ways; the value of
performance operating characteristics has already been mentioned, and speed
accuracy trade-off functions are aiso important although we ourselves have
not wused them much. Similarly, we keep an eye open for relatively low
frequency rhythms of performance, which might indicate the effect of a
higher order monitoring control; but have not yet found them working.

4., 1 am afraid | do not accept the suggestion that tests have a low
validity for real-life. My own experience is mostiy in the second of the
three areas; in that area, [ know a number of cases in which validity has
been assessed in real-life, and has always been frund to be satisfactory. I
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a know of no case where an assessment has been made and found unsatisfactory.
. This is despite the fact that armchair arguments of abstractness et cetera
?'? were used against laboratory demonstrations of the impact of alcohol on car
I driving, or radar performance; more recently, of marijuana and valium. So
,ﬁﬁ far as pilot performance goes, Nicholson's reports of the use of
pe) benzodiazepines to control circadian rhythm problems in operational aircrew
Het seem to me very sound validation of the laboratory test that gave rise to
the methods used. With regard to the third of the three aims, there are
et classic validations from accident records of laboratory tests either of
‘Jl lever positioning (Fitts in the Berlin airlift) or of instrument displays
¢ (the three-point altimeter). The one area where I might admit some lack of
o validity is in the first aim, selection of able individuals; it is well
hy admitted that the prediction of pilot performance from existing selection
batteries is bad. One possible reason for this is the low variance of
W ability amongst people admitted to flying training. If this 1is the
ot explanation, it 1is insuperable. It may also be however that there is an
;ﬂd extra function that needs assessment,
e td
?5? 5. The gap in the existing set of tests that are available is any measure

of control functioning. That is, I do not know a satisfactory measure of
the reliability with which somebody will move from one sub~task to another

j in a complex environment including a number of such tests. Contemporary
‘O computer techniques make it possible in principle to produce such a test,

:jn' which was not so relatively recently; it is perhaps the area of development
B which should be most encouraged. In the realm of individual differences,
" this shows up in the rather simplified form of the debate over "time-
e sharing ability". It is more than that, as the tests normally used for
kT time-sharing are very simple ones performed during the same broad periods
:ﬁ\' of time. I am thinking much more of the degree of systematic organisational
Ny planning of actions performed successively, which is certainly needed in
ﬁa~ many real-life situations.

N}

. 6. The breaking down into comPonents of real-life tasks.

od My spontaneous answer here is "this is possible to a high degree". However,
'jhj there is no very clear scale for measuring the degree; doubtless it could
e be improved. 1 would however argue that in general it 1is possible to
ﬁ\: assess a task for the extent to which visual or auditory perception is

by

involved, detailed manual control or speech, maintenance of alertness, use
of working memory, and so on. As noted previously the main weaknesses is
any test of the component (which is logicaly necessary) that keeps the
various subsidiary components in balance.

7. Feasibility of a standardised battery.

- See the introduction; it would need to be a different battery depending on
the purpose for whicr it was used. It would also need to be a much larger
battery than would normally be employed for any particular application.

Boretiga)

fi ) (a) Inclusion of tests; at the very least, all those | have mentioned
K ?4 should be in, and probably a number of others.
,)d (b) Factor analytic approaches are extremely useful for producing simple
Zg), descriptions of the data relative to hypotheses that have already been
N formulated. Unless however a test of a particular function has been
*i, included in the battery, factor analysis will naturaily not show it up. I
(- 1 bject in rinciple to factor analysis as opposed to other
2 also objec princip ac Y515, PP
5
&,
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mathematical techniques, because even for functions that have been covered
the exact factor solution will change depending on the other tests in the
battery. It should be remembered that Fleishman's approach 1is directed
primarily towards the individual difference problem; [ would not accept
that analysis of the correlation across individuals necessarily sheds any
light whatever on the development of tests for environmental conditions,
nor for the evaluation of changes in the sub-tasks. This refers back to the
introduction again.

8. I would certainly think that a broad enough battery of tests can be
devised; there are certain areas of weakness, such as the testing of
control processes already mentioned.

9. 1 am not quite sure what is meant by 'skill categories' 1in this
question; my natural inclination wculd be to have tests that measure
resources of the individual, that is the quality of certain lasting
representations, and the efficiency with which processes transform one
representation into another. It is also necessary of course to classify the
tasks, as in the classic distinction of open and closed skills. A skill
that requires continued feedback from the environment makes use of
different resources from one that can be executed in a ballistic way once
the conditions for the action have been observed. It may frequently be that
there are certain skills that place no load on working memory, and so on.
Hence, it 1is necessary to distinguish categories of task in terms of the
requirements demanded of the person, and categories of resource in terms of
what the person can contribute to these tasks. My problem is that I am not
quite sure which of these points the question was emphasising.

Dr. Susan Chipman
Office of Naval Research, Washington D.C.

The interview with Dr. Chipman was not based on the Tist of questions
given in the introduction. It was the primary purpose to explore what other
agencies are engaged in a project like this. However, in the course of the
discussion, the following points were made with regard to the original list
of questions:

Dr. Chipman points out that measures of working-memory capacity as
developed by Meredith Daneman et. al. could be of some value in the
assessment of human performance (e.g. Daneman, M., & Carpenter, P.A,
(1980). Individual differences in working memory and reading. JVLVB, 19,
450-466)

It would be worthwhile to investigate the role of metacognition in the
process of task performance (cf. Sternberg's metacomponents). There seems
to be a steadily increasing interest in the psychology of interindividual
differences - especially with regard to different strategies to perform a
task,
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}' She 1is a bit sceptical with regard to the possibility to break down a
complex task into distinct components. Tests would only pick up a tiny
2 fraction of what really happening. This would explain the low validity that
A is wusually observed. Tests do not pick up the control or coordination
. exerted by a mental executive that is directing the component processes in
¥ the performing a complex task. Any real-life task is supposed to be
- complex. In that sense the contribution of factor-analytic approaches
cannot be very substantial since these approaches do not take into account
N a mental executive. Thus they can never present a complete picture of the
‘g human mind.
f: In general there is a fair probability that breaking down a task into
vy its components may be achieved, but if no detailed theoretical knowledge
about the task exists there is no guarantee of a succesful approach.
| Obviously there 1is Tlittle agreement among researchers what the "real"
;: components are.
-
s
it
e Or. Allan Collins
fﬁ Bolt, Beranek & Newman Inc., Cambridge MA
o
JQ Dr. Collins is working in the areas of semantic processing, use of
- computers, and education. His research interests are both applied and
. basic. At the moment he is involved in research on mental models in physi-
< cal systems and the design of computerized teaching systems.
li: In his research he has employed almost every kind of experimental
e method. More recently he has focused on protocol methods and on discourse
analysis.
:q To him errors are not a metric per se. Errors can have very different
i causes which should not be intermingled. Therefore a more thorough and
iﬂ' qualitative analysis of errors could yield some better insights into
5, cognitive malfunctioning., He mentions "repair theory" (Cognitive Science
b 1980-81) as a prominent example here.
- He sees some problems with regard to the extrapolating from test
.:% scores to real-life performance because of the lack of face-validity. Most
o experimental paradigms are not aimed at evaluating all the variables that
X affect performance. The main reason here is that tests of isolated abili-
- ties or skills never incorporate the interaction effects when these skills
have to be combined in a task.
[\
‘_: With regard to question 4 he argues that laboratory tasks can never
i have high validity with respect to the prediction of real-life performance
) simply because they "cannot do the job'". Real-l.fe t:cr are by far more
dd complex and involve interaction effects between various 2lementary cogni-
: tive processes. Laboratory task are de<1gned for the purpose to study a
-J- phenomenon in isolation. Therefore rcal-life tasks art laboratory task
-~ represent endpoints of a continuum. A Tow validity Lﬁerefore must be
o
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expected.

The generalizability of laboratory tasks could be improved by drastic
changes of these tasks. They should be made more complex and it should be
clear which cognitive processes are involved and how they interact.

This means that the reliable assessment of components of a real life
task is the critical thing that has to be achieved. Dr. Collins mentions
some research activities of Earl Hunt and Robert Sternberg that point in
the same direction,

Dr. John Frederiksen
Bolt, Beranek & Newman, Inc.

Dr. Frederiksen 1is working in the area of cognitive psychology,
especially in reading research and in the componential analysis of skills.
His present basic research interests are covariate modeling, decomposing
skills of reading, skills interaction in reading, and instruction and
training. He has also worked on the teaching of complex skills 2and
intelligent tutoring systems.

In his reading research Dr. Frederiksen has mostly appliec methods
that are specific for reading research (pronounciation tasks, lexical
decision tasks, reading span, reaction time tasks). These task were all
theoretically motivated. Dr. Frederiksen emphasizes that in his domain
standard laboratory tasks would not do the job because they might not be
related to specific aspects of reading.

The standard repertoire of experimental metrics should be augmented by
tasks that depict more strategical aspects of behavior. Here he mentions
the scores derived from video—game play (knob-usage).

For him the reasons for the low validity of performance tests Tie
mainly in the integration and coordination of skills. He mentions the
problem caused by the "automaticity' of tasks with increased practice that
might change the factorial structure of underlying skills d-astically and
problems caused by the interference of skills in certain tasks.

A better validity can only be achieved if more is known about the
functional roles that a skill has in the whole task. Also the influence of
strategic differences should not be underestimated. In that context he
mentions the reports of Andy Rose for the Office of Naval Research as an
example. The best procedure would be to carefully study the task, get an
idea what cognitive components are involved in performing the task, develop
experimental paradigms for assessing these components. A strong emphasis is
put on so-called "top—down-analyses" of human task performance. The set of
predictors, however, should also include information about the possible
strategies and the knowledge base required to do the task. It is needless
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to say that a theoretical mode! is needed for each task that relates skill
performance to task performance. Hece "thinking aloud protocols” or
"orompted protocols" might provide better insights in how people really
perform the task (process methodologies).

Factor-analytic models can only be useful 1in an exploratory or
confirmatory way. They are regarded indirect methods to explain the
phenomena. A better way according to Dr. Frederiksen is the analysis of
protocols by experts.

He mentions the work of Robert Sternberg and Andy Rose as prominent
examples with regard to the purpose and the intentions of the present
project.

Dr. Daniel Gopher
Technion Haifa - Israel

Professor Gopher's main interests are in the area of general
performance research. His orientation is both basic and applied. He uses a
number of performance paradigms, especially dual tasks.

He believes that usefulness for theoretical and for practical purposes
is not separable. For the domain of attention he regards focused-divided
attention tasks (e.g. dichotic listening, dual task situations) as
theoretically useful. From his point of view good generalizability does not
necessarily require complex tests: 'better a battery of simple tasks than a
few complex tasks". Important are "tasks to get learning traces because the
rate of progress would be a better predictor than performance level".

Therefor apart from speed and accuracy he considers as other useful
performance parameters (a) the "rate of progress" (slope), (b) control over
performance outcome e.g. to introduce consistent variabilities (by changing
properties) or to stay in a certain window (single task), (c) trangfer
capabilities, and (d) ability to maintain performance constant when the
level of difficulty varies.

As a main reason for the low generalizability to real life tasks he
assumes the high variability of prediction criteria. Low generalizability
could be avoided if (a) the prediction criteria would be worked out with
peopie 1in the field and if the same work on statistics would be done, or
concerning prediction procecuv-es if (b) a combination of regression and
cut-off methodology would be applied, (c) steps in the criteria would be
developed instead of applying discriminant function anaiysis, and (d) the
outcome of different or approximating procedures wouid be compared.

Breaking down real 1life tasks 'nto components 1is considered as
sensible, the development of a standard-battery as possible. Concerning the
to be included tests he refers to publications of Wickens and himself.
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NS
W He explicitly rejects factor-analytic approaches, because the meaning
‘: ) of factors always remains obscure. He recommends empirical testing against
\2 the criteria instead.
:. .",
'52* He is optimistic with regard to the possibility to develop a
' sufficiently broad battery. He believes that success depends on the
o criteria. There are no skill cateqories or classifications he could
53: recommend in advance, because they depend on the definition of criteria.
s
3
- Dr. Frederick Hegge
S Walter Reed Army Insitute of Research, Washington, OC USA
3 -I‘N'
BT
®
;“3 The interview with Dr. Hegge was conducted to get an overview of the
S activities of the Walter Reed Army Institute of Research with regard to the
L development of a standardised task battery. Dr. Hegge gave an extensive
S report of the present activities that is summarized below.
:;;3 Dr. Hegge stated that the Army battery was developed in the general
‘;{. context of medical or chemical defense - especially with regard to the
B effects of certain psychoactive drugs on the performance level. After an
extensive drug screening and testing program they are now looking for the
A behavioral component of psychic drugs. This is achieved by 48 projects ir
, 23 different laboratories. The research has involved the following stages:
s
T (1) Level 1 focuses on the drug dose setting in the behavioral laboratory.
R This was achieved by means of a standardized task battery which included
: (a) & neurophysiological battery (including EEG-measures)
N (b) a psychomotor test battery (including measurements of microtremor and
- tracking)
P (c) a neuropsychological battery
e
f :‘ Here  Dr. Hegge reports attempts to establish a computerized
standardized neuroupsychological battery ("standardized" means "agreeing to
:?i do the same thing") as a first step in standardization. That provides a
i{ foundation for development of normative systems. They are developing an
;zy: "engineering" system rather than a "research" system.
0 Information about the drug dnse came also from the Animal Behavior
:X& Group that investigates performance in stressful situations that cannot be
s done with humans,
f;}i (2). On 1gve1 2 thg drug effects on perfgr@ance are s;udieq with human
(~<~ subjects in a residential screening facility. The major dnstrument to
,‘H{ assess performance effects are the "Unified Tri Service Cognitive
M Performance Battery" (UTSCPB), a physical performance test battery, and a
T scale for the subjective assessment effects for mood and activation,
:sﬁ: (3) Level 3 explores the effects of environmental and situational stressors
o0 like sustained attention and sleep deprivation.
o
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o
‘; In general, levels 1 - 3 aim at the biological and functional
. substrate of behavior, It is intended to isolate the major biological
5 resources that determine the performance level., These projects are aimed at
o establishing a comprehensive descriptive data base about human performance.
R
:j Another ine of research involves the use of simulation programs of
real-life tasks ("command and control”). The simulation programs are
developed in close contact with people who perform the task in daily life
N ("one foot in the field").
3

Here a major emphasis is placed on the task analysis of real-life
. tasks. Task analyis is done theoretically and empirically. The basic
I question behind the task analyis is what psychic function is affected to
what degree by the drug or the environmemtal stressor and where can that
psychic function be found in the theoretical and empirical task analysis.

K

N Another point concerns "sequential network modeling" where complete weapon
.“. systems like the M60 tank and scenarios have been simulated on a
,ﬁ microcomputer. These networks are developed in cooperation with people who

do the task. The focus is on the time to perform, internal errors, error

Fa correction and military outcome.
b The task analysis data base serves a risk identification function. The
N sequential network models of man/machine crew/machine systems provide risk

quantification estimates.

According to Dr. Hegge it is of critical importance that the
development of such a battery can only be successful if one switches
continously between laboratory and field research.

Dr. G. Hitch
University of Manchester, U.K.

oyl
[y

Dr. Hitch's primary interests are in the areas of human memory,
arithmetical skills and man - computer interaction. The main research
paradigms in his experimental research are concerned with traditional human
memory tasks but also include dual task and arithmetical task techniques.
e With regard to theoretical issues he is very keen on converging operations
. on the basis of different tasks. The probability of task-specific artefacts
is high when relying on one simple paradigm only. He also aims at wusing
A tasks that can be well described in component aspects.

b

>
'.‘

With respect tc real life appliications Or. Hitch is aware of a gap
between memory paradigms and '‘memory-in-real-life'. Arithmetic tests have

-‘. 4
LINER N

5 greater ecological validity as nad Bartlett's type of approach - but on the
- other hand there is a real problem of generalization in more compiex memory
::- tasks. Speed and accuracy, and measures derived thereof, will remain
" predominant in behavioral research. In addition, verbal protocols (e.q.
i thinking aloud), and more detailed analyses of types of errors and
f;‘ judgments could open irteresting methodological avenues.
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In order to improve the predictability of real life performance on the
basis of laboratory tests, Ur. Hitch sees a clear need of new paradigms
that should be as close as to what is found in real life (simulation).
Alternatively laboratory tests should be developed that enable the measure-
ment of basic cognitive capacities. Then, the real 1ife task should be
analysed in terms of these basic processes (Card, Newell and Moran - Human
Computer Interaction). Whether this approach is successful depends on the
nature of task organisation. If the components all mutually interact to
constitute a new whole, one cannot expect basic components to be valid
predictors of performance in the real life task.

Yet, Dr. Hitch 1is of the opinion that a battery is feasible. It !
should include tests of perception, attention, memory and motor control.
Furthermore knowledge based skills (e.g. reading, arithmetic) and tests of
the knowledge base itself 5psycho11nguist1c skills, reasoning, spatial
abilities) should be included. Dr. Hitch worries about arbitrary tests as

found in the factor-analytic approach., Tests should have theoretical models
underlying them.

The breadth of the battery depends on the extent that task specific
knowledge plays a crucial role in performing the real life tasks. If this
is generally important, the value of using performance in component tasks,
as predictors of the real life skill, is bound to be limited. If not, a
small battery is most promising.

Dr. tarl Hunt
University of Washington

Dr. Hunt gave some comments on related projects and scientific efforts
in the same direction as our project:

(1) battery from Brooks Air Force Base (Ray Crgsta]). which he regards
technically o.k., but training effects have not been taken into account

(2) battery from Army Research Institute (Wing) which is mainly a
psychomotor battery

(3) battery from Bob Kennedy (comment: "psychometric tour de force")

(4) battery from Jim Pellegrino and Earl Hunt (available from March 1986)
that is primarily concerned with coordination of motion including timing
aspects.

'

A%

r.-yi-:;
A He also mentioned an approach from the Educational Testing Service
e (ETS) that would be available in the spring of 1986.
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Factor-analytic approaches are regarded as serious, but the
methodology fs a little bit out of date. A factorial design should be
e preferred,
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Dr. John lonides
University of Michigan, Department of Psychology

Dr. lonides has worked 1in the areas of cognitive psychology and
perception . His present research interests focus on scene perception. His
primary research interests are basic.

In his research he has employed mainly reaction time as a dependent
measure but also discrimination judgements where accuracy was the dependent
variable. He believes that reaction time tasks have a fair degree of
validity 1in human performance research especially with regard to those
real-1ife tasks that have a speed component.

However, he mentions three different metrics that might be useful in
human performance research. First, similarity judgements might provide some
insights in the internal representions that a person has of a set of
stimuli. Multidimensional scaling techniques are a powerful method here.
Second, a variant of accuracy should be examined more closely. In general,
the nature of errors that people nake is neglected in looking only at error
percentages. The nature of errors, however, may reveal a lot more about the
structure of the cognitive system and about the strategical aspect of
behavior. (e.g. separating between intrusion-, ommission-, and confusion-
errors). Third, protocol analysis is generally an "awful" method, but maybe
useful as a heuristic tool to generate hypotheses about process
characteristics of human performance. It should never be wused as a
dependent variable, however.

The reasons for the low validity of performance tests with regard to
the prediction of real life performance can be attributed to the fact that
real-life performance is much more subject to strategical influences of how
the subject organizes his/her performance. It is part of the intended
nature of the laboratory task to deprive subjects of their strategical
freedom. Quite the opposite holds for real-life performance where within
certain constraints the subject has multiple strategies how to do the task.
Depending on the strategy that the subject chooses the single component
gets more or less important wiihin the whole process of task performance.

A possible way to improve the generalizability of laboratory tasks is
to give up the restriction of at the most two response alternatives and
thus approach the strategical freedom of a real-life task. It s
self-evident that in this case process hypotheses on the various response
alternatives should exist.

Dr. Ionides is positive towards the idea of being apie to break down a
real-life task into distinct components. He ment:iois the work of Bob
Kennedy as an example,

However, he is a little bit worried about find<ng a finite number of
tasks that capture the broad domain of skills usually found in real-life
tasks. [t might be possible for a Timited domain of natural tasks (e.q.
complex visual processing) which does not nacessarily have to be triviai,

47
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He does not know about any skiils categories bu:f mentions the work of
Robert Sternberg ("Beyond 1.Q.") where intelligent behavior is conceived as
being based on a number of underlying cognitve abilities and the work of
David Buss (Psych. Review, 1984),

Or. D. Jennings
University of Pittsburgh, Pa, USA

Dr. Jenning's primary interest is in basic research in cognitive
psychophysiology. His research has centered around relations bDetween
performance tasks (RT, recall, recognition) and physiological variables. In
his basic research he feels that the tasks should be as simple as possible
to permit tests of theoretical issues. With respect to applied questions
his opinion is that more complex, simulation type techniques might be
optimal. He is clearly aware of a gap in this respect. With regard to long-
term applied aims he would try to arrive at generalized variables— ;
permitting general rather than highly specific predictions. He suggests :
that Tlaboratory/ theoretical work is necessary to analyze a task into its
components and the variables influencing those components. This information
should not be expected to be directly relevant to field/ real life
performance. Performance in field settings will be determined by a Targe
number of factors not present in laboratory. The commander/ manager in the
field must relate known variables affecting the task (i.e. lab knowledge)
to existing conditions (i.e. practical knowledge, intuition) and predict
performance in that setting. He believes that this is the only practical-—-
j.e. cost effective--way of using performance research. The traditional
measures of speed and accuracy--or some more sophisticated derivate--seem
to be the only feasible measures, of course apart from physiological
concommitant measures.

The usually observed low validity of individual performance tests with
regard to real life tasks might be at least partly due to differences in
context and practice. It is the assembly of component skills which may
occur uniquely in real life, In addition the components, as well as the way
of assembling, are highly practiced. Laboratory tasks may never reach a
high level of generalization if the capability of assembling component
skills is not considered. Varying the learning set to identify assembly
rules may be 4 promising approach.

Real 1life tasks may be broken down in their components in order to
enable some degree of comparison between tasks. It remains to be seen |
whether this has validity. A standardized battery may be constructed with
regard to components. Yet, since the assembly element is not considererd,
the direct applied value should not be oversold.

Possible tests of a battery could be a) choice-RT, b) tracking, c¢)
STM/LT™, d) dual task capaciiy, and e) ways of combining such elementary
tasks.

48




AFOSR-85-0305 - 5. APPENDICES/ 5.2. Interviews

Or. Jennings is not impressed with factor-analytic correiational
approaches because of the atheoretical haphazard nature. His final comments
concern the breadth of a possible battery: It should certainly not be too
broad, since too many subskills would be involved, Limiting to a couple of
skills - such as flying, car driving - would be optimal.

Dr. Daniel Kahnemann
Dept. of Psychology, University of British Columbia, Vancouver, Canada

Dr. Kahnemann first comments on the intentions of the present project.
According to him it would be a desirable venture although he feels that
some people would refuse to adopt a positive outcome. However, if the
project succeeds in providing some standard versions of laboratory tasks he
would clearly regard this an an advantage and a starting point for future
research.

In his own research he has been employing mostly choice-reaction~time
tasks, but also detection tasks with detection probability as the main
dependent variable, visual search tasks, and visual memory tasks.

He regards reaction time and percentage correct the principal
metrics 1in human performance research although some measures that can be
derived from these two have turned out to be useful (e.g. slope measures).
In that context the relative position of the individual on the '"speed
accuracy dimension" provides important information ahout the more
strategical aspects of behavior.

He is not surprised at the low validity of laboratory task with regard
to the prediction of real life performance. Laboratory tasks are usually
picked up at a very low level of practice whereas real-life tasks are
usually highly practiced. That is the key to the low validity. A test in a
test battery is always limited 1in time (usually not Jlonger than 30
minutes). It is hopeless to believe that a preliminary test of a single
skill should have predictive validity for a highly practiced complex task
where this skill interacts with numerous other skills and that interaction
is directed by different strategical “supervisors'. If a test s
incorporated in a battery that is supposed to predict complex and highly
practiced human perfosmance then this test must be predictive for the final
performance level. According to Or. Kahnemann this is an absolute '"must"
for each test being incorporated in a battery with such an aim.

Therefore the generalizabiiity of Jlaboratory i25ks can only be
improved if these conditions are met. it seams doubt:u’® whether the number
of availabie laboratory tasks are useful here. He Tzel: that the ctandard
laboratory paradigms are worn out a little tit. Researchars should consider
new paradigms.

With regard to the question to what degree & rval ©-fo task can be
broken down into components Dr. Kahnemanr sees + wrerad o answer. A
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breaking down seems possible to him for a number of small tasxs whase
structural and functional demands on the cognitive system are we ' «krown,
These should also be tasks where the probability of a failure 15 ver, rare,

He mentions the work of John Duncan at the Applied Psychn'lagy r-- '~
Cambridge (UK) as related to the topic of the project.

Dr. Steve Keele |
Department of Psychology, University of Oregon

Dr. Keele's primary research interests are attention and motor
processes. In his experimental research he has employed motor timing tasks
with intertap variability as a principal dependent measure. He has also
dealt with force control measures, time-sharing paradigms and measures of
attentional flexibility.

Additional important measures in human performance research are
measures of vigilance decrements in sustained attention tasks and measures
that are designed to depict interindividual variability in strategies of
task performance. A good example are the curreni approaches 1in reading
research that try to break up the reading process in an analytic way (Hunt
et.al.) to predict reading comprehension and reading errors. Also motor
timing has turned out to be a variable that differentiates between
different Tlevels of attentional flexibility (see also the work of Navon &
Gopher, 1979).

Usually real 1life tasks are complex tasks in the sense that they
involve a lot of components that are likely to interact with each other. A
real-life task can be carried out by using different strategies.
Furthermore these tasks are usually highly practiced. A1l these features do
not apply to laboratory tasks. These tasks are never extensively practiced,
they are designed to study single phenomena in an artificial context and
therefore the strategical freedom of the subject is rather limited.

Being able to predict the performance in a real-life task requires a
deep understanding and a thorough analysis of the processes and
interactions involved in that task. Even for a rather simple task this can
require quite a few years of investigation.

Dr. Keele feels that a standard set of subtests might create some
problems because the selection of subtests probably depends on the task
that is investigated and possibly on the state of the subject (e.g. in
"drug"~research). It will not be possible to assess the large variety of
real-life tasks by means of a limited number of laboratory tests and still
expect a good predictive validity.

His attitude towards factor-analytic approaches seems to be negative
because it is not a process approach that can depict the interindivually
different wayvs to perform a task.
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Dr. Keele reports that the work of Harold Hawkins at the Office of
Naval Research is related to the aims of this project.

Dr. Gordan Logan
Department of Psychology, Purdue University

Dr. Logan 1is working in the area of attention and performance. His
present research interests focus on automaticity and the inhibition of
thought and action. His primary research interest is basic.

In his own research he has employed choice-reaction-time tasks like
the Sternberg-paradigm or the Stroop-paradigm, but also lexical decision
tasks, category judgements, and visual search.

As particularly useful with respect to theoretical developments he
regards any task that is well understood. Even an old task looked at from
different viewpoints may be theoretically fruitful (e.g. the repetition
effect). Laboratory tasks have share some features with real-life tasks but
these features (e.g structure of the display) may be rather different. the
Stroop-task e.g. ist not considered to be ecologically valid.

Dr. Logan feels that reaction time and error percentage are still the
principal metrics 1in human performance research. However, ratings of
workload, evoked potential analysis and so-called "rate measures"
(bits/second) which put together speed and accuracy, are prominent
alternatives to the standard metrics. He generally believes that most of
the metrics are derived either from speed or from accuracy or both. The
interference effects observed in dual task experiments also represent an
alternative to the classic metrics.

With respect to the Tow validity of laboratory task for the prediction
of real-life performance Or. Logan states that the procedures of
experimental tasks are not similar to real world tasks. E.g. there are
generally no circular arrays in visual search tasks under real-life
conditions. This may heavily influence the top-down strategy of visual
search that the subject selects. Furthermore the pronounced interindividual
differences even in simple tasks and the various strategies of performance
are not considered in laboratory research. In general there is an ignorance
of strategies and different abilities. Since the deprivation of strategies
is part of the philosophy of experimental design, laboratory tasks can
never reach a satisfying predictive validity with regard to real life
tasks.

A way out of this might be the making-up of new tasks that are closer
to the real-world tasks. A changing of the parameters of already existing
ones may be an alternative. Dr. Logan feels that the present laboratory
tasks are not designed to have a high predictive value. The best solution
would be to make an analogue of the real-world task. In that case it must
be known what the basic abilities are that are relevant in performing the
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task. In this computational approach (find out the basic abilities and
combine them) it is absolutely mandatory to carry out a very detailed task
analysis with regard to the functional and structural resources involved.

It heavily depends on the extent to which the structural and
functional components of task performance interact whether a real life task
can be broken down into components. Depending on the degree of interaction
the validity will increase or decrease. He sees some possibility to achieve
the aims of this project for small tasks whose structure and demands are
well known. Developing a broad enough battery with a finite set of subtests
for more complex tasks occurs to him a big piece of work.

Or. Dominic Massaro
University of California at Santa Cruz

With regard to methodology Dr. Massaro has most frequently employed
identification judgements - mostly in connection with factorial designs. He
mainly used reaction time as a dependent measure as well as the percentage
correct in these judgements. The experimental settings usually required
"ves/no'""-judgements, but also continous judgements in some cases.

Dr. Massaro regards basically every method as theoretically useful as
long as a number of variables can be manipulated and valid conclusions can
be drawn from these manipulations that lead to advances in theory building.
Rating scales are thought of as particularly useful in the assessment of
skills.

The low validity is based on the fact that there is only a partial
overlap between processes involved in a real-life task and a laboratory
task. If one generally succeeds to produce a high degree of overlap one can
expect a better validity. In the end this should result in the laboratory
simulation of complex real-life tasks that come close to the real
situation.

With regard to factor-analytic approaches Dr. Massaro emphasizes that
these methods only can have a heuristic value. A better way to explore the
architecture of the cognitive system is by model building and testing.
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Dr. Merrill Noble
Department of Psychology, Penn State University

Dr. Noble's area of specialization is research on human performance.
His basic research interests are attention and motor control. His research
interests are more applied.

He has been mainly involved in laboratory type of research and has
employed almost any experimental method, but mostly reaction time measures
in the additive factor tradition to infer stages of processing 1in serial
choice reaction time tasks.

Thus he regards reaction time methods as particularly useful with
regard to theoretical developments. On the contrary, he belives that
reaction time methods are not very useful with regard to more applied
situations because reaction time methods only have predictive value when
the subjects in a real Tife task are under a comparable time pressure which
very rarely occurs.

Other possible metrics in human performance research are information
rate measures or subjective measures (rating scales). Dr. Noble is very
reluctant towards physiological measures compared to performance measures
("they don't tell me something I dont know").

The 1low predictive validity of lab tasks with regard to real-life
performance is caused by the fact that real life situations involve a Tlot
more operations. Unfortunately very few things are known about real-life
tasks so that the components are not fully known. Almost nothing is known
about the interactions of component processes in real-life tasks. Dr. Noble
recommends going back and forth between theoretical studies and applied
studies - i.e. between laboratory studies and the investigation of real-
life tasks. This should also include simulation studies. In fact, Dr. Noble
regards simulition studies as the most important way to achieve a
satisfying predictive validity.

Basically it seems possible to break down a real life task into
components but one should be aware that the more you decompose the less
predictive validity can be expected. Therefore it seems necessary to think
- about the general philosophy of the project with regard to this question.
i However, for some tasks it seems conceivable that for some tasks (e.g.
:4) visual search) a reasonable validity can be expected.

Dr. Noble states that in any case it seems necessary to specify the
number and kind of tests dependent on the specific real-life task under
question, A general battery that covers the large variety of human behavior
seems not possible to him at the moment.

Factor-analytic approaches are not to be considered as major sources
of information in these kinds of problems.
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Dr. R. Ndatanen
Department of Psychology, University of Helsinki, Finland.

Dr. Naitinen's primary research interests are concerned with orienting
responses and mechanisms of attention - both from the physiological and
the behavioral point of view. A combination of physiological - mainly
evoked responses - and performance tests is characteristic for his
research. The behavioral tasks included disrimination thresholds and simple
RT tests, but also simulation of risky situations. His main emphasis is on
basic research with regard to theory, he considers the study of evoked
potentials as particularly useful, since it follows the actual process in
the brain and suggests which areas are activated by certain stimulation and
performance. He does not see a basic difference in theoretical and real
life research techniques. Methods such as the evoked response should be
further developed so as to deliver relevant information about real life.

Apart from the traditional speed and accuracy measures, ODr. Nddtanen
suggests measurement of safety margins (risk taking), and related decision
making, as well as endurance measures. He agrees that most laboratory tests
have a low validity and argues that with the common speed and accuracy
measures in simple tasks, one fails to tap central decision elements, that
are so characteristic for real life tasks. For instance, a main problem
with the Hakkinen - battery on driving—when applied to private drivers--is
that it has too much emphasis on perceptual-motor skills., (With bus drivers
and others performing in not self-paced tasks the Hakkinen battery works
very well,) The improvement of real-life prediction requires that
judgmental aspects rather than perceptual - motor overload are taken into
account (cf. Naatanen, R., & Summala, H. (1976). Traffic accidents.
Flsevier, NL: North-Holland).

Breaking down tasks in components may be sometimes possible - e.q.
traffic =~ but is certainly not easy; various features of performance are
hidden and can only be seen after prolonged work. A standardized task
battery may work for limited sets of real life tasks. Dr. Naatanen doubts
whether such a battery will have general value. If constructed, a battery
could include some of the better researched tasks - e.g. memory search,
dichotic listening etc. - but one should be careful to trust them too much.
Factor analytic approaches are no good entry; according to Dr. Naatanen
they will not work.

Dr. Raja Parasuraman
Catholic University - Washington, DC

Dr. Parasuraman's main scientific and research interests are in the
area of attention and vigilance. He considers his own research to be basic
as well as applied. He stresses that his comments on the feasibility of a
standardized battery are limited to this special area. As main research
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paradigms he has used attention and vigilance tasks, especially
discrimination, choice reaction time, and dichotic listening tasks. He
considers these tasks to be particularly useful for theoretical purposes,
but useless concerning generalizability to real life performance. He
assumes that speed and accuracy are the essential performance measures.
Reasons for the poor generalizability he sees in constancy of laboratory
situations, large inter-individual variance of performance levels in the
field, and low correlations of laboratory tests between eachother.
Generalizability might be improved by paying more attention to inter-
individual performance differences and controll outside the lab.

Dr. Parasuraman beliefs that real life tasks can be broken down into
components, but there are other factors in reality which must be taken into
consideration, - this can easily be shown for driving performance for
example.

He thinks that the development of a standard-battery of performance
tests is possible, but rather difficult. The starting point should be the
development of an information processing model. He regards factor-analytic
approaches as bad, because the mathematical procedure does not take dynamic
processes into consideration.

Of particular difficulty assumes Dr. Parasuraman the development of a
test-battery, which is sufficiently broad to cover all the most important
real life skills. He suggests that a successful battery might be possible
only for limited areas of skills like car driving etc.

Concerning vigilance tasks he regards a classification as possible,
which takes different strategies into consideration.

Dr. M. I. Posner
University of Oregon, Eugene, Oregon U.S.A.

Dr. Posner's primary interests are in the basic aspects of human
attention and performance, viewed from the behavioral as well as from the
neuropsychological side. His main paradigms are chronometric, and with
regard to the analysis of performance, he aims at using as simple tasks as
possible. In applied research the situation is different. Dr. Posner does
not feel that a real life task can be easily broken down in components. Yet
he feels that the Robert Sternberg approach may have future.

Apart from the traditional speed and accuracy measures, he mentions
(1) learning rate, (2) protocol analysis and (3) eye movement protocols, as
valuable tools for behavioral analysis. Whether one is capable of
predicting real life from these measures is doubtful, although they should
provide the basic insights and building stones to recommend about actual
tasks., The major problems 1in direct correlational prediction are
motivational and organisational, 1in that the social context is absent in
the experiment. [f you can free the real life task from the social context
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one can do quite good with elementary tasks. He does not agree with
o Neisser's "Cognition and Reality". If there is a good task analysis then
one can find basic components. One line of evidence is the expert system
approach, but some of the well investigated laboratory tasks should do well
X also.

Hence, Dr. Posner considers the construction of a task battery as
) feasible, although probably better for sensory-motor tasks than for more
L abstract command and control. The construction should start with specifying
2 some major cognitive systems, such as: object recognition, several
4 varieties of attention, motor control, lexical access in language. The next
step is to know which tasks refer to which real 1life tasks. Here task
analysis - perhaps also through writing an expert system - is required.
Mapping the components to the task is the final step. The factor analytic
- approach is not favored by Dr. Posner: It is too atheoretical. The
k. Sternberg approach is preferred. In this way a broadly predictive battery
should be possible - unless emotional aspects interfere too much. But Or.
Posner feels that progress is also possible in that direction, for example
by studying achievement motivation.

-

Dr. Walter Schneider
Department of Psychology, University of Pittsburgh

R

Dr. Schneider is working in the areas of attention and skill acquisi-
tion, especially with regard to the effects of practice on automization of
certain aspects of behaviour. In the area of human performance research he
has dealt with air traffic cortrol, EEG measures, and skill acquisition in
electronical troubleshooting.

S Y Sy %Y

Particularly useful with regard to theoretical developments he regards
those methods that focus on the representat1on of knowledge and change of
knowledge. The 'dual task paradigm" also plays an important role. Except
speed and accuracy Or. Schneider names physiological indices (e.g. the
P300-component of the EEG) and "time on task'" (TOT) as important measures
of performance.

A S N

According to Dr. Schneider the low validity of performance tests in
predicting real-life performance must be expectcd because a) real Tlife
performance wusually is highly practiced, b) real 1life performance is
heterogenous with respect to the various components involved, and c¢) real
life performance generally is no good predictor for other real life tasks.
/ This means that in general test performance is the "psychology of the first
by 30 minutes" of a person performing a task. For him the reasons for the low
2, predictive validity lie within the integrating effects of extended practice

; on a task.

Ar)  Relelelot sl vl

One possibility, however, to improve the generalizability of
‘: taboratory tasks 1is to make them gross measures in the sense that they
. should not be restricted to measure an isolated process. The Jlast
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consequence of this idea means that the real life task should be simulated
in the lab. In that case a better validity can be expected.

The degree to which a real life task can be broken down into
components depends on the ability to identify the appropriate cognitive
units behind the units of a task analysis. It is decisive here not to carry
out a task analysis in the traditional sense but a cognitive component
analysis. Another impertant point here is that this analysis should also
take into account the effects of practice. Every model of human performance
that does not include predictions on what changes during practice cannot be
expected to be an adequate model of human behaviour.

Dr. Schneider is not thrilled by the factor-analytic approaches since
these explain only a relatively small percentage of the performance data.
Above all the basic assumption acoording to which the human mind is a
linear system seems at least questionable. There is no way to believe that
human cognition is linear.

He does not deny the feasability of developing a standardized battery
of performance tests but this program depends heavily upon finding (new)
tests that have at least some predictive value with regard to real life
tasks. As examples he mentions an approach by Alan Baddeley and his own
work together with Phil Ackerman.

Dr. Wolfgang Schonpflug
Dept. of Psychology, Freie Univeritat Berlin, F.R. of Germany

Dr. Schonpflug's main interests are in the area of general and
experimental psychology. His current research interests concern action
theory and human factors. He considers them to be basic and applied. He has
analyzed behavior in complex sijtuations, e.g. simulation of work on
computer displays, administrative and planning work. Apart  from
conventional performance measures he is particularly interested in
efficiency (ratio performance/effort), strategy development, and rate of
progress.

As a main reason of the poor generalizability he considers the lack of
consistency concerning number and organization of the components of a task.
He does not believe in the success of a general task battery, but more
specific batteries for example for places of work requiring sensu-motor
coordination or places in administration or management might have better
chances.

He would be more positive toward factor-analytic approaches, if they
would be applied with more sensibility.

Generally he prefers simulation of complex real life situations to the
development of laboratory task batteries.
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Dr. Gordon Shulman
Department of Psychology, Penn State University

Dr. Shulman's areas of specialization are attention and spatial
vision. His present research interests are spatial attention and spatial
frequency channels. His primary research interests are basic.

He mainly has employed reaction time measures in a cueing paradigm
(effects of advance information). He also used probe methods, dual task
paradigms and measures of contrast sensitivity. According to him the
results of probe methods can be generalizable - especially in a dual-task
context.

Other measures except reaction time and error percentage are
physiological measures like latency and amplitude of the P300 component in
dual-task contexts and pupil changes.

The main reason for the low validity is that the experimental
psychologist has designed laboratory tasks to isolate a special process
that he likes to study. So basically all the other context variables are
considered to be contaminating. Quite the opposite is true in performance
assessment in real life tasks. Here a phenomenon cannot be studied in
jsolation. However, some laboratory tasks may have ecological validity. The
distribution of visual attention (visual search tasks) in the Tlaboratory
and searching for a friend in the crowd are possibly governed by the same
processes., Visual search seems to be a rare example where a laboratory task
involves roughly the same processes as a real-life task.

Dr. Shulman thinks that the attempts to break down a real life task
into components have been very successful in the past. As an example he
names the dichotic listening task of Kahnemann. He is very sceptical
towards these approaches. He feels it is better to simulate the task to get
a better validity. For this project's approach he sees no chance at the
moment.

If, however, such a battery is planned this battery should include a
perceptual measure like contrast sensitivity, a measure of short-term-
memory like a digit-span task or a Sternberg-like task, some test of the
ability for visual-motor coordination like a tracking task. Furthermore a
test of the 