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PREFACE

The AIR Taxonomy Project was initiated as a basic research effort
in September 1967, under a contract with the Advanced Reseaich Projects
Agency, in response to long-range and pervasive problems in a variety of
research and applied areas. The effort to develop ways of describing
and classifying tasks which would improve predictions abont factors af-
fecting human performance in such tasks represents one of the few
attempts to find ways to bridge the gap between research on human per-
formance and the applications of this research to the real world of

personnel and human factors decisions.

The present report is one of a series which resuited from work
undertaken during the first three years of project activity. In 1970,
monitorship of the project was transferred from the Air Force Office of
Scientific Research (AFOSR) to the U. S. Army Behavior and Systems Re-
search Laboratory (BESRL), under a new contract. This report, completed
under the new contract, is among several describing the previous devel-

opmental work. It is also being distributed separately as a BESRL Re-
search Study.

PARVE/ R

EDWIN A. FLEISHMAN

Senior Vice President and
Director, Washington Office
American Institutes fcr Research




FOREWORD

The American Institutes for Research is engaged in a research
program to develco and evaluate new systems for describing and classify-
ing tasks which can improve generalization of research results about
human periormance and to develop a common language for researcher-
decision maker communication that would help organize human performance
information for maximum use in training, equipment design, and personnel
selection.

The objective of this program is to develop theoretically-based
language systems (taxonomies) which--when merged with appropriate sets
of decision logic and appropriate sets of quantitative data--can be used
to make improved predictions about human performance. Such taxonomies
should be useful, for example, when future management information and

decision systems are designed for Army use.

During previous project years, three different taxonomic systems
were developed, each of which seemed to have maximum relevance for a
different type of application: the ability-requirement approach; the
task characteristics approach; and a third approach based on information

theory.

The present publication reports on the development and preliminary
assessment of the task characteristics approach to the prediction of
human performance. The apprcach seeks to describe tasks in terms ot a
task-oriented language which, when combined with multiple reg:ession

techniques, can be used to predict task performance.

A
L c 1
J. E. UHLANER, Directo/

U. S. Army Behavior and Systems
Research Laboratory
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DEVELOPMENT OF A TAXONOMY OF HUMAN PERFORMANCE: THE TASK CHARACTERISTICS
APPROACH TO PERFORMANCE PREDICTION

BRIEF

Requirement:

Of the many conditions which can influence human performance, the
most poorly described and least understood are those embodied in the task.
As a consequence, the ability to relate performance observed in one task
to that observed in other tasks is limited. The present research describes
a series of studies conducted to develop an instrument in terms of which
the stimulus, procedural, and response characteristics of tasks could be
described. It discusses additional studies which were designed to deter-
mine whether dimensions comprising the descriptive language represented

correlates of human performance.
Procedure:

The basic steps in this research were to: (a) develop descriptive
characteristics of tasks; (b) assess the reliability of rating scales
devised to measure these characteristics; and (c) determine if these

characteristics represented correlates of performance.

The overall direction taken by the project was influenced by a
heuristic model which viewed performance as a function of three sets
of antecedant conditions: the operator, the environment, and the task.
A decision was made to focus initial efforts on the task component of

the model, holding the other components in abeyance.

Toward this end. major components of a task were identified and
treated as categories within which to devise task characteristics or
descriptors. Each characteristic was cast into a rating scale format
which presented a definition of the characteristic and provided a seven-
point scale with defined anchor - and mid-points along with examples for
each point. Nineteen scales were developed and evaluated in a series of

three reliability studies.

The paradigm usea to determine whether the task characteristics

were correlates of performance upon which predictive relationships




aight be estadiished was that of "post-diction™. Post-@iction referresd
to the situxticn in which performance naeisures were abstracted from
studies aiready existing in the literatuie. Subjects rated descriptioms
of the tasks usad in these studies on task characteristic scales and
then these rat.ngs were subjected to multipie regression analysis to
estabiish the extent to which they were related to the perforsance in
questin. Two such post-diction studies were comducted. The first post-
diction study involved six scales and 26 tusks while the second study

involved six scales and 20 tasks.
Findings:

In :oneral, it was found that a subset of scales having adequate
reliapility consistently emerged in all three reliability studies. The
results of the two post-diction studies were encouraging in that signi-
ficant --ltiple correlations of .32 and .73 were vbtained between task

chazacteris~ic rztings and the performance measures.
Utilizariuvn of Findings:

Although a final interpretation of these fiandings must await cross-
validation efforts, it does appear possible toc describe tasks in terms
of a task-characteristic language whick is relatively free of the sub-
jec ive and indirect descrip*tors found in many other systems. Further,
task characteristics may represent important correlates of performance;
as shown here, it was possible to describe subtle differerces among tasks

and to relate such differences systematically to variations in performance.
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DEVELOPMENT OF A TAXONOMY OF HUMAN PERFORMANCE: THE TASK CHARACTERISTICS
APPROACH TO P£RFGRMANCE PREDICT:ION

INTRODUCTION

A major problem confronting the behavioral sciences and technologies
is the lack of a structure within which to describe, interpret, and
organize information about human performance. Without such a structure
limits are placed on the extent to which findings from different studies
can be compared, contrasted, and integrated into a systematic bocy of
knowledge. At the root of this problem is the absence of unifying di-
mension. for systematically describing those antecedant conditions of

which performance is a function.

Of the many conditicns which can influence performance, the most
poorly described and the least understood zre those erbodied in the
task. As a consequence, the ability to relate performance observed in
one task to that observed in other tasks is limited. At present,
research results obtained with one task can be safely generalized only
to other tasks which are so highly similar as to be almost identical.
The ability tn communicate reseavch findings unambiguously is similarly
hampered. Behavioral scientists, and those who must apply research
findings to operational problems, are without a language for interrelating

performance on different tasks.

A burgeoning research literature and a growing demand for application
of findings both underscore the need for an integrative structure. A
system is needed which will yield better predictions of the effects of
independent variables on task performance. Similarly, a system is needed
to predict more accurately the learning rates ot proficiency levels
associated with new tasks. These needs have been recognized by many
investigators (e.g., Fleishman, 1962, 1967; Hackman, 1968; Melton §&
Briggs, 1960; and Miller, 1962). Fitts (1962) in particular, has
called for a taxonomy which should identify important correiates of
learning rate, performance level, and individual differences, and be
equally applicable to laboratory tasks and to tasks encountered in

industry and in military service.




The key to establishing such a taxonomy lies in Jeveloping a weil-
defined task descriptive language. Earlier repor-ts under this project
{e.g., Farina, 1969; Wheator:;, 1968) as well as other reviewers (e.p.,
Ginsberg, McCullers, Merryman, Thoeson, § Whitte, 1965} suggest that
three general approaches are most prevalent. They differ primarily in

terms of the msanrer in which description is accomplished.

Ia the first approach, description centers on the specific activities

in which an operator engages while performing a task. Interest lies
in specifying what the operator actually does. These who have taken
this approach {e.g., Fine, 1963; McCormick, 1968, and Reed, 1967; are
more concerned with describing performance per sc and less concesned
with the conditions giving rise to that performance. In tae second

approach, description focuses on those resources of tpe operator which

are required for performance on the task. Gagne (1962} and Miller (1966),
for example, describe tasks in terms of those functions or processes
which the operator is required tc utilize. Im 2 similar vein, tasks

have been described in terms of the types and amounts of human abilities
upon which the tasks make demands (e.g., Fleishman, 1967; Theolegus,
Romasnko, & Fleishwan, 1970.. In this second general approach, emphasis
is on critical aspects of the individual intervening between features

of the task and consequent performance.

A third approach to developing a ta=zk descriptive language treats

the task as a critical sub-set of the aatce:edanti conditions of which

pe-formance is a function. Hackman (1968) states this position clearly:

", ..That is, if we are interested in the effects of tasks
and task characteristics on behavior, it is essential that
we develop a means of describing and classifying our
indepenient variables (tasks} other than in terms of the
dependent variables (behaviors) to which we ultimately
wish to predict."”

Investigators taking this tack {(e.g., Cotterman, 1959; Fitts, 1962;
Folley, 1964; and Stolurow, 1964) attempt description in terms of the

characteristics of the task confronting the operator.
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It is this latter apgorcach to developing a task descriptive
language xhich would sz<a appropriate for the type of taxoromy called
for by Fitts. In order %0 eventually predict the perforaance whick
i1l result when 2 subject is expossd 15 3 given situatica, one musi de
zble to cpecify and fully describe those independent variables which
are in effect. Fart of this specification must ne<cesrarily include that
stimulus compiex known 23 the "lask" which confromts t.ae subject. It
is within this compiex thst mamy correiates of learning rate or profi-
ciency level wiil be found. Xnowledge of these variables would provide
a basis for comparing performance on differeat tasks. They would aiso
provide a basds for ciassifying tasks with resgect to the behavioral
consequerces of other classes of indepeadsnt variables.

The present yeport describes a series of studies conducted to
develop an instrument in terms of which the stimulus, procedural, and
respouse characteristics of tasks couid be described. It discusses
additional studies which were designed to detcrmine whether dimensions

comprising the descriptive language represerced correlates of human

rerforrance.




BACKGROUND

The research described in the present report was part of a larger
programmatic effort concerned with development of a taxonomy of human
performance (Fleishman, 19%7; Fleishman, Kinkade, § Chambers, 1968;
Fleishean, Teichner, { Stephenson, 1970; Fleishman § Stephenson, 1970).
In support of this zeneral program of research, several alternative task
descriptive systeams were developed. The general purpose of each of these
systems was to provide 2 basis for classifying tasks in order to permit
better organization and increased generalization of performance data
within and between task categories.

Studies described in the present report were concerned with the
development and initial use of one such system. Known as the task
characteristics approach, it attempted to provide for the description

of tasks in terms of a variety of task-intrimsic properties including
goals, stimuli, procedures, response modes, etc. The decision to
describe tasks in these rather morphological terms, instead of using
more behavioral-, process- or ability-criented descriptors, stemmed from
the conviction that tasks, ia their own right, represented a potent
class of independent variables. Accordingly, if the variables com-
prising a task were manipulated singly or in combination (e.g., creating
a mmber of different tasks), the resultant effects on performance could
be mapped systematically. Knowledge of how performance varied, as a
result of manipulating the characteristics of tasks, would provide a
basis for estimating perfi-r.ance on other tasks whose characteristics
could be described.

1ne consequences of the foregoing rationale for development and
use of a task descriptive system were explored by comstructing an heuristic
model of perforaance. In turn, this model helped specify what was to
be described, how description was to be accomplished, and how’ the task

descriptive indices were to be related to performance.
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Heuristic Model of Performance

During early stages of the project an heuristic model of performance
was entertained. The model, known as POET, simply stated that any ob-
tained performance score (P) was necessarily the function of at least
three major classes of indep;ndent variables. These included the particu-
lar task (T) on which performance was measured, the specific operator
(0) whose performance was monitored, ziud the environmental conditions
(E) under which performance tcok place. Inciuded in the latter class
were all variables (e.g., ambient noise, drug dosages, conditions of
practice, etc.) which were extrinsic to either the task or the operator
and primarily impinged on the latter.

The POET model, therefore, suggested that the difference in perfor-
mance which might be observed when comparing twe experiments could be
due to variations within any .one or all three of the major <ilas-es of
ingependent variables. Observed differences in performan:s could arise
from the use of different samples of operators, or from different tasks,
or from the application of different treatments (extrinsic wvariables).
Consequently, it seemed obvious that any system whichk was developed to
permit increased generalization of perfcrmance data would have to take
all three classes of variables into consideration. This in turn mcant
that descriptive systems would eventually be required for each o. the
major components within the model.

Instead of attacking the problem at this general level, however,
the decision was made to develop descriptive systems sequentially. The
issue, therefore, was to decide upon which descriptive system to place
initial emphasis. There appeared to be a variety of ways in which to
describe different operators based on such variables as age, intelligence,
abilities, interests, etc. Indeed, many studies have been conducted
in which individual differences on these and similar "pecrsonal" variables
were systematically related to variations in performanc:. By the same
token there seemed to be farily adequate description ard specification

of what were termed the '"environmental' variables. 1In most cases
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descriptive systems dealing with this component have been sufficient
to permit investigation of the effects of different levels of treatment
upon performance of a large mmber and variety of variables.

While description of the operator and of the enviromment seemed
adequate, aescription of the task component was not. Most of the avail-
able descriptive systems were inadequate because they failed to emphasize
the task as an antecedant condition of performance, a condition wkich
could be subjected to systematic and specifiable manipulaticr. Such
systems prevented one from readily talking about type or, more signifi-
cantly, leveli of treatment in the sense that he could for the operator
and enviromment components. Yet the abiiity to make such statements
seemed essentiai if one were to investigate the effects of variations
in tasks on subsequent performance. Therefore, while recognizing the
importance of descriptive systems for all three components, the decision
was made to focus initial efforts on a task descriptive system. As
explained in a later section of this report, description was based on
a variety of task characteristics.

Nature and Use of the Task Descriptive System

During early stages of the project consideration was also given to
the manner in which the descriptive data provided by the system were
to be used in organizing tasks and consequent performance data. This
issue was of importance for it was felt that specification of the intended
use(s) of the descriptive data would culminate in a set of requirements
for the language itself. Two major uses were identified: classification
and prediction. Task characteristics data would provide a basis for
classifying tasks in terms of their observed similarities and dis-
similarities. The descriptive data could also be utilized within a
multiple regression context to relate variations in the characteristics

of tasks to variations in performance.




Classification - Although several alternative approaches to the

classification of tasks were considered (Wheaton, 1968), it seemned
desirable to approach classification on quantitative rather than on
qualitative grounds. One technique available for this purpose was the
similarity coefficient described by Cattell and Coulter (1966). This
coefficient was dusigned to describe the similarity between pairs of
profiles in terms of a distance function. Therefore, if descriptive
profiles could be generated for tasks, it would be possible to mathe-
matically express the similarity among them in terms of a matrix of
similarity coefficients. These data could then be analyzed by cluster
analytical techniques to define clusters or classes of highly similar
tasks (Silverman, 1967). Although this type of analysis was not of
primary concern in the present research, it did emphasize the need for
a descriptive system which treated tasks in temms of quantitative pro-
files.

Prediction - Another use to which descriptive data could be put was
in predicting learning rates or proficiency levels on tasks for which
performance data were not already available. Emphasis in this approach
was not on classifying tasks but rather on identifying those charac-
teristics of tasks which were correlates of performance. It was this
latter approach which was pursied in the present study.

A multiple-regression model was developed in which task character-
istic descriptors were treated as predictor variables. The model was
based on the premise that descriptive terms could be selected which
represented correlates of performance and, as such, could be used to
predict average learning rates or proficiency levels on different tasks.
The rationale underlying the regression approach was as follows. Suppose
a single group of operators performed two different tasks yielding the
same type of performance measures. If individuals' scores were averaged
on each task and if these two means differed, then, since identical
subjects are involved, the difference between means could only be
attributed to differences between the tasks themselves (assuming "environ-
mental" variables to be identical in both situations). The difference
between tasks would be specified in terms of task descriptors.

7




If the concept of differences between tasks and consequent differences

between performance means were extended to a larger set of tasks, per-
formed by the same operators under the same conditions, then a variable
(F;) would be created. A given value on this variable would represent
the mean performance score associated with a particular task (m) within
the set of tasks. It was hypothesized, therefore, that specific values
for this variable could be predicted in terms of task characteristic
scale values. The muitiple regression equation required for that pur-
pose would have the following form:

o |
Pi = ao + alx +a3,X + ...+ anx.

LY 2 m, h
where
-t
Ph = predicted mean performance score on task "m"
a = regression weight for the nth task descriptor, and
Xm = the value for task "m'" on task descriptor "n".

To accomplish these ends, however, it was necessary to impose a
major restriction on the model. The tasks under investigation at any
one time had to share a common response measure (e.g., reaction time,
time on target, percent correct, etc.). This restriction had profound
consequances for it implied that different regression equations would
be required to handie different types of performance measures. Such
would not have been the case had it been possible to describe different
measures of performance in terms of a single common metric. The absence
of this universal metric, however, made it necessary to categorize tasks
in terms of the measures employed to describe performance on them. The
categories of performance described by Teichner and Olson (1969) were
considered for this purpose. Separate regressions were anticipated for
tasks yielding such diverse performance measures as probability of

detection, rea-tion time, percent correct, and percent time on target.




The consequences of the regression model for the descriptive system
were readily determined. The system had to contain multiple dimensions,
each of which could be applied to any selected task. The dimensions
had to be quantitative in nature and had to possess a reasonably high
reliability. Finally, if the model were to aid in predicting parameters
of performance, the descriptive dimensions had to represent correlates
of performance.

Based upon these background comsiderations, the present research
attenpted to accomplish the following oijectives. A series of generically
applicable quantitative rating scales was to be developed for descrip-
tion of various task characteristics. The reliability with which these
scales could be used to describe tasks was to be determined. Finally,
the feasibility of using the descriptive data as predictors of mean
ievels of performance on different tasks needed to be determined. The
remainder of this report describes the activities conducted in pursuit
of these objectives.




SCA L. DEVELOPMENT

Task Defimiticn

The developrent of task characteristics received Fmitial guidance
from a defiaition of the ters ™tx3k”™ vhich was devised carly in the
project. civea that iatersst lay im prediczisg performamce, 3 tasx was
definec as 2 poteatial means cf elicitizg performasce. More specifically,
it referred to 2 coaplex situation capable of eliciting gosi-directed
perforsance from a2 operator. Gives this orieatatioa, 3 t3sk was com-
ceived of 3s having several components with each compomest pessessing
certain saliest characteristics. These comporents wcre: 3% =xplicit
g03i, frececures, imput stimuli, respomses, and stimulus-response
reiztionships.

An explicit geoal was a2 specification of the “state” or “comdition™
to be achieved dy the operztor. By “explicit™ vas meant that the goal
was indicated to at least the operator and one independent observer,
and that some objective procedure existed wheredy the observer could
verify whether or not the goal nad been achieved. A task also had to
include a statement of the “means”™ by which the goal was to be z2ttained.
The "meias” consisted of procedures which were statemeats specifyirg the
types of stimulus-response relationships to be formed, and their se-
quencing. Then, too, the task had to contain a set of relevast imput
stimuli attended to by the operator. Finally, the statement of the
task had to describe a set of responses contrituting to goal sttaimment.

Task Characteristics

Given the arbitrary requiresent that a trask possess these composnents,
it followed that if a potential "task"™ did mot possess all of thess
components, then by definition it was not a task under the present systea,
and if an operator failed to perform in accordance with the specified
procedures, the question of goal attaimment for that task could not be
raised. The operator, by definition, would not have performed the task

10
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in question; in fact, he would have perforsed a different task. This
Jatter point led to a direct considerztion of what it was that served

to sake tasks different. That is, given t!:zt all tasks hzd the abcve
compopents, what diszinctiens could be rade within these common components?
Mat were, for example, characteristics of a task goa: which, wen
measured i» soms fishion, would sezve te differentiate among various task
goals? '

% order to differentiate among tasks, therefore, the components of
a task were treated as categories within whick to devise task character-
istics cr descriptors. As previously seatiored, additionai rcquirements
were set forth regzrding these characteristics. Each had to be applicable
te most, if mot all, types of tasks so 3s to avoid the problem of not
beirg able to rate or measure ali tasks on a comporable set of dimencions.
fach characteristic had te be expressed quantitatively, bdeing scaled in
at least 2n ordinal fashioa. Each had to possess zn acceptable degree
of reliability. Fimzlly, to achieve econoxy of use, it was desirable
that the characteristics require a2 ninimm of training time and appli-
cation time on the part of the user.

Figure 1 clarifies the relationship ameng the terms “task", “tack
components”, and "characteristics”. Each characteristic was cast into
a rating scale format which presented a definition of the characteristic,
and provided = seven-point scale with defined anchor- and mid-points
along witk examples for each point (Smith § Kendall, 1963). A sample
rating sczie is shown in Table 1. The complete set of 19 scales origi-
nally deve oped is shown ir Appendix 1.

The original set of scales has undergone changes éue to refineaent,
additices, and deletioas. Ccusequently, the appendix section contains
three separate sets of task characteristic scales, each having been used
in a separate reliability study*. This evolutionary process is still

* Three sets of task characteristic scales rather than one final set are
presented since there is no "final" set in the sense that 2 reader could
rate a task on it and them aprly appropriate Beéta weights to gain an
estimate of performance on that task. The research is still in its early
stages where a demonstration of its feasibility is the issue being
addressed. In addition, the results of the various reliability and post-
diction studies require the inclusion of the specific scales and tasks
used. 1
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Table 1

SAMPLE TASK CHARACTERISTIC RATING SCALE

VARJABILITY OF STIMULUS LOCATION

Judge the degree to v sich the physical location of the stimulus or
stimulus complex is preusctable over task time.

Definitions Examples
High predictability - stimulus T @ Stirnulus is 2 red light located on a
location remains basically diplay panel,
unchanged,
6 o
5 o
Medium predictability - 4 -J ® Visually following an arrow in
location changes but in a flight toward a target,

known manner or pattern.

'l_a_Q\__V;D_Qg._Lc.lé_biliu.- location @ Predicting which leaf will fall from
changes in an almost random a tree next,
{ashion, ] -

13




not complete, but it has progressed far enough to provide a demoxnstration
of the basic appreach. During this developmental phase the task charac-
teristics were viewed as critical independent variables wkich, if
manipulated, would influence task perfuszance. While an indirect test

of this vieQ'was attempted in the "post-diction” studies to be discussed
later, the ultimate test would entail actual manipulation of these
characteristics within an experimental task and observation of concomitant

changes in performance.

14




RELIABILITY STUDIES

First Reiiability Stady

Following developmernt of the original set of rating scales a series

of reliability studies «2s corducted. In the first such study the task

characteristic rating scales were enployed in their original form. Three
ressarch assistants were trained in the use of the sczles and were then
asiked to rate 37 rather simple psychomotor tasks on each of I9 scales.

The task descriptions with which the raters worked zre referenced in
Appendix 2.

7
s

The obtained ratings were cast into 2malyses of variance to deter-

ine intrzclass correlation coefficients for each scale. Fellowing the

acthed described by Winer (19562, p. 124), two coeffinients (r

X ard rl)
were calculated. The Ty coefficient provided an estimate of the

reliability of the mean of the thresz judges’ (k = 3) ratings. The ry
coefficient estimated the reliability of 2 sipgle rating.

o L nezer » ISR LN

The obtained
coefficiencs, together with the variance components used in the calcu-

lation of Ty, are shown in 7able 2.

Niner (1962, p. 128) suggested an interesting interpretation of the
intraciass correlations. Each Ty coefficient was an estimate of the
correlation which would be obtained vere the mean ratings of the present
three judges correlated with the mean ratings from ancther random sample
of three judges rating the same tasks. Using an T, equal to or greater

than 0.70 as an arbitrary index of acceptable reliability, seven of the

19 original scales arpeared to be adequate.

Three of the scales (7, 12, 18) shown in Table 2 possessed rk's
with negative values. Theoretically, T, may range in value from zero

(o) to plus one (+1). In practice, however, it can be demonstrated

that T will assume a negative value in those cases where the mean-
square within term is greater than the mean-square between term (e.g.,

T, = 1- gg%). Interpretation of such negative Ty coefficients is Jifficult.

1S
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Inspection of the rating data showed that “he three judges were
actually in strong agreement on Scale # 12. However, the judges were not
able to differentiate among tasks very effectively, as shown by the
relatively small between-task variance component fer this scale. Eval-
uating this scale on another and more heterogeneous sample of tasks
would either raise its estimated reliability or confirm its insensitivity.
Scales # 7 and # 18 had relatively large within-task variances suggesting
a lack of consistency among judges. Inspection of the actual ratings
confirmed this impression, particularly in the case of Scale # 7 where

judges were in confusion about the end-pcints (1 or 7) of the scale.

Second Reliability Study

After the first study, many of the original scales were examined
in an attempt to improve their reliabilities. Some scales were deleted
and others underwent minor or major revision to clarify the exact
nature of the dimension being rated and the meaning of the scale anchor
points. The resulting instrument consisted of 16 scales (Appendix 3).
In an attempt to cstimate the reliability of the revised scales, 28
judges rated 20 tasks on each scale. The 28 judges were college students
recruited from a local university. Prior to the actual study, the
judges were thoroughly familiarized with the meaning of each scale and

with the rating procedure. The judges were paid for their participation.

Reliability estimates were obtained for each of the 16 scales.

These data were based on only 15 of the 20 tasks which were actually
rated. The five tasks which were eliminated were cognitive, paper-and-
pencil tasks. They were originally include& to determine whether or

not the judges could describe them reliably in terms of the task charac-
teristics. The judges were largely unsuccessful in this effort. Con-
sequently, it was decided to limit use of the scales, at least initially,
to psychomoter tasks. Descriptions of the 15 tasks which were finally

analyzed in terms of Iy and T, are shown in Appendix 4.

rgmm VI,



The reliability estimates are shown in Table 3 together with the
relevant variance components. The striking feature cof these data was
the relatively low reliability for an individual rater (rl). Were oniy
one judge of the type employed in this study to assign ratirngs, he would
be fairly reliable only on one scale (# 18). More reliable rating< could
be obtained, however, were the mean ratings of either three or five
judges utilized. Using the Spearman-Brown Prcphecy Formula (Winer, 1962,

p. 127) it can be shown that if r, >.33, then Ty > .60 and T >.71.

1
On this bisis, adequate reliability could be expecteac on at lea-* seven

scales. The remaining scales appeared to need additional revision.

Third Reliability Study

Finally, additional reliability data were obtained durirg an analysis
of 21 tracking tasks (see Appendix 6) under a contract witk: the U. S.
Naval Training Device Center. Ia this effort itwo judges evaluated the
tasks in terms of many different measures, including 18 task character-
istic scales. The 18 scales (Appendix 5) represented revised versions
of many of the earlier scales. In this study Lotk judges were highly

familiar with the scales and the procedures for their use.

As shown in Table 4, the rating data from this study were evaluated
in several ways. First, as in the preceding studies, analyses of
variance were conducted which permitted calculation of the intraclass
correlation coefficients (rk and rl). Second, similarity coefficients
(rp) were computed which expressed how similar the two judges were in
evaluating the tasks un each scale. The technique was essentially one
of profile analysis. The rp statistic (Cattell § Coulter, 1966) could
range in value from -1.0 to 1.0 being asymptotic with respect to -1.0.
An rp value of 1.0 meant that the two profiles fell on exactly the
same point in multi-dimensional space. An rp of -1.9 meant that the
two profiles were maximally dissimilar. Finally, for each scale the
number of times the two judges were within plus or minus one scale unit

of each other was determined and expressed as a percentage of 21 cases.

18
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Interpretation of the intraclass coefficients shown in Table 4 was

again difficult. Four r, coefficients were above 0.70 and appeared to

represent reasonably rel?able scales. In terms of the similarity co-
efficients (r_) ten were significant, implying agreement between judges'
profiles. Finally, on eight scales the judges were in agreement at
least 90% of the time. Only three scales (# 4, # 13, and # 16) failed
to exhibit either a Ligh T, (rk,g_.70), a significant rp, or a high

percentage (90%) of agreement.
Discussion

Our experience in assessing the reliability of the task characteristic
scales indicated that the statistical methods used often tended to pre-
clude a definitive answer to the question of scale reliability. Inter-
pretation of the intraclass correlation technique proved troublesome
when a small but consistent bias existed among raters in the use of a
scale, and each rater assigned but one scale value to zll tasks. In
these instances the question was whether the tasks were truly homogeneous
with respect to those scales or whether the scales were imsensitive to

differences among tasks.

The similarity coefficient technique (rp) also yielded cases where
an inspection of the raw ratings was required before an interpretation
could be made. Finally, the percent agreement data, while intuitively

appealing in their logic, lacked any formal status as a statistic.

The entire issue of reliability as "¢ applied to the rating data
was not clear-cut. Test-retest reliability, for example, would assess
how consistent an average rater was in applying a particular scale. It
would not address itself to the equally important question of how well
the raters would agree among themselves in their collective use of a
scale. Similarly, the intraclass correlation coefficient did shed some
light on inter-rater agreement, but it appeared to require some unknown
amount of heterogeneity among the tasks being rated to do so. ldeally,

one would want each rater to be highly consistent in his use of a scale

21
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or 2 rest-retest besis, and 3lso tc bave raters im high sgreement o 2
s<ai2’s wse across tasks. nfortzmately, oo ome statistical techmigqme
seamed applicadle o 23sessing toth of these aspects.

Regarding the sczies thamselves, it aspeared thet a schset of scales
consistently emerged waich hizd adeguzte reliadiiity im all three stmdjes.
Table 5 shows the s2ts of scales for 2ach stody shiich were most reliabje.
fhere x2s 2 high dezgrse of consistency Letwesn the relis e scales
emerging from the thres-judze amd r3-3umdze stadies. Comparizpy tkis
coumon subsel 26 the reliadle sczles of the twe-julge study, four of the
six were zgainm reliable. 2Additienal scaizs were 2@so relizbie but these
were explioyed caly in the two-judge stedy.

In generazl, comasiderzticn of these tkree relizhilily studies ied
to the followxinzg recommendations:

(2} the raters shoulé have 2 background in psychology or tuman
factors, or = good awareness of suck concepts 2s stimulus aad

rasponse;

{p} at least three raters chould be used in applying the scales
in their preseat form, with 2a average of their ratings being
used as the value to be assigred to the characteristic in

guestinn;

(c) further deveiopment of the scales should g5 in the direction

of emmeration {counting) rather thar rating; and

(d) furtuer efforts should inciude an assessment of test-retest

reliability.
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POST-DICTION STUDiES

~ The paradign used to determine whether the task characteristics
were ~orrelates of performance upen which predictive relationships
might be established was that of “post-diction®. Post-diction simply
refers to the fact that existing criterion datz were used, whereas in
i::aiiction, arrangesents are made to ceilect data in accordance with
some specific expericental design. Post-diction sacrifices precise
control over many variatles in order te rapidly acquire a relevant set
of datz for analysis. Ratings were made of the tasks used in these
studies znd then these task characteristic ratings were entzred into a
m:ltiple regression anslysis to establish the extent to which they vere
related to or predictive of the performance in question. . The task
descriptions in the literature were often too brief tc use, but it was
pessible to obtain detailed descriptions from either a study’s author
(e.g., Fleisk=an in the first post-diction study}, or by acquiring the
references an author made to more detailed descriptions of the task/
2pperatus. Through these means it was possible to provide the judges
with explicit éescription of the tasks to be rated. Eamploying the
post-diction paradigz, two studies. were conducted.

Both studies shared z mmber of common restrictions. First, in
selecting studies for the two post-diction efforts, there was the need
to have a coz=on retric of performance within each. That is, the
studies used for any one regression analysis had to bz comparable in
teres of the unit of performance. Thus, for.the first post-dic*tion the
performance measures of all studies was expressed in terms of ''the nua-
ber of output units produced per unit time”. The second post-diction
used studies in which the comuon performance metric was 'percent time
on target”. In generai, this need for a common metric served to reduce
the mmber of studies available for analysis. The relatively small
number of studies in both post-diction efforts created, in turn, the
following problems:

24




1. For a regression analysis the number of predictors should not
approach, let alone exceed, the number of cases sampled. As the rumber of
of predictor’'s (i.e., characteristic scales) apprdachés the number of
cases sampled (i.e., studies or tasks), the multiple regressicn coefficient
becomes spuricusly large and uninterpretable. Since this was the case
initially in both post-dictions, the decision was made to use only a
selected set of the task characteristic indices as opposed to the full
set. For example, instead of using 19 indices and 26 tasks in the first

regression study, a smaller set of six indices was used.

2. The small number of studies sampled precluded any meaningful
attempt to perform the important step of cross-validating the resultant
regression equations.

First Post-Diction Study

The first post-diction study was based on a portion of the data
(Fieishman, 1954) used to conduct the reliability study described earlier
in-which three judges rated 37 tasks on 19 scales. Applying the require-
ment for a>common performance measure, the 37 tasks were carefully
screened in order to determine the types of performance measures associ-
ated with them. Although several different measures were represented
(e.g., reaction time, percent time on tdrget, or percent correct), 26 of
the tasks had one measure in common which was designated as the "number
of units produced per unit time'. The "units" varied and included such
things as: number of blocks moved; number of assemblies completed;
number of taps made; and number of correct discriminations given.

Common to these 26 tasks was the requirement that as many “'units' as
possible be produced during specified time periods. Since different
amounts of time were allowed for completion of the various tasks (e.g.,
25 to 900 seconds), a common time frame was needed to provide a standard
basis for comparison. The "unit time" chosen for this purpose was one
second. Therefore, the performance score reported for each task was
prorated to obtain the average number of units produced per second (i.e.,
98.5 units produced in 80 seconds equalled 1.231 units per second). (The
26 tasks are indicated by asterisks in Appendix 2.)

25




Since the entire set of 19 rating. scales {Appendix 1) could not be
employed, a smalier subset was sclected. The six most reliable scales
were chesen for analysis (seé Table 2). For each of thess scales the
ratings provided by tkree judges were averaged to obtair a zingle vzlue
on each scale for each of the tasks. The specific scales employved in

the study were:

1. Stimulus duration {scale % 1S},

2. DMumber of output units (sczle % 1),

3. Duration for which an output unit is maintained (scaie # 7},
4, Simultaneity of responsas (scale ¥ 93,

S. Mumber of procedural steps (scale £ 16}, and

6. Variability of stimulus locaticn (scale # 14).

Table 6 presents the data on which the first post-diction study was
based. A Wherry-Doolittle stepwise regression analysis was carried out
by computer. Six predictor variables were entered inte the .2nalysis,
but only five were processed. The order in which the scales are-listed
above represents their order of extraction based upon the percent
variance accounted for in the criterion measure (R?). Although five
scales emerged from the analysis, a point of diminishing returns in
terms of percent variance accounted for was reached after extraction of
the fourth scale. Consequently, a regression equation was written using
only the first four scales listed above. The half-diagonral intercorrela-
tion matrix for all seven variables (six piedictérs, one criterion) is

presented in Table 7.

The multiple corrciation coefficient for this anaiysis (hased on
four predictors) was R = 0.85 which accounted for 72% of the variance
(Rz) in the criterion measure. This correlation was significant
{F (4, 21) = 13:75, p{.01). It was felt, however, that the small
sample (n = 26) used in this analysis yielded an inflated multiple R
relative to what might have been obtained had a larger sample (n = > 100)
been used. Accordingly, -a correction in R for small sample bias (Guilford,
1956, p. 399) was applied. The corrected correlation (cR) was 0.82,
which was still significant (F (4,21) = 10.78, p {.91).
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BASIC DATA FOR THE FiR5T REGRESSION ANALYSIS

Table

8

Tasks

Avg. No. Units
Pe-oduced Per
Second

Yol

Average Rating

on Six Scales *

2

3

E

5

o

25,
26-

Two-Plate Tzpping

Key Tapping

Ten-Target Aiming

Rotary Aiming

Hand-Precision Aiming

Visuz! Reaction Time

Auditory Reacticn Time

Minnesota - Placing

Minnesota - Turning

Puardue Pegboard - Right Hand

Puardue Pegboard ~ Both Hands

Purdue Pegbeard - Assembly

O'Connecr Finger Dexterity

Santa Ana Finger Dexterity

Pin Stick ‘

Dynamic Balance

Medium Tapping

Large Tapping

Aiming

Purseit Aiming I

Pursuit Aiming Ii

Square Marking

Tracing

Discrimination Reaction
Time-~Printed

Marking Accuracy

Verbal Addition Task
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*

The six scales were:

1. Stimulus duration; 2. Number of output units;
3. Duration for which an output unit is maintained; 4. Simultaneity of

Tesponses; 5. Mumber of procedural steps; and 6. Variability of stimulus
location.
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Table 7

INTERCORRELATION MATRIX FOR THE
FIRST KEGKESSION ANALYSIS

1 2 3 4 5 6 7
1 1.00 .01 ~.00 -.12 ~-.10 .27 .78
2 1.00 .07 .15 .12 -.70 -.13
2 1.00 .45 -.07 ~.38 -.26
4 1.00 .55 -.23 -.28
5 1.00 .04 -.12
6 1.00 .47
7* 1.00

%
Criterion measure

An index of forecasting efficiency (Guilford, 1956, p. 398) which
indicated the degree to which predictions made by means of the regres-
sion equation were better (more accurate) than those made merely from
a knowledge of the mean of the criterion measures was computed. The
index for the corrected R was 42.6%, which indicated that use of the

Tegression equation would be superior to using the mean alone.

The regression equation was:

)

Pm = -1.064 + 1.24SX1 - 0.19/)(2 - 1.072X3 - 0.089)(4
where
I |
Pm = Predicted mean number of output units produced per second;
and
Xl - X4 = Task characteristic scales # 1 through # 4 listed above.
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Second Post-Diction Study

The second post-diction study was based on data from the third
reliability study described earlier  in which two judges rated 21 tasks J
on 18 scales. The criterion measure common to the 20 tasks- ultimately
used was the mean percent time on target achieved after five minutes of ,
practice on the tasks in questicn. These tasks and their associated
performance data were obtained from studies reported in the experimental :
literature. (See Appendix 6 for references to these studies.) !

The need to reduce the set of predictors existed hete as in the
first post-diction study. Accordingly, the same reductive procedure was
followed. This involved ranking the 18 scales (Appendix §) in terms
of their reliability and then selecting the final subset on the basis

of high reliability. This operation resulted in the selection of the ,
following scales:

.

Number of procedural steps, I
. Precision of responses,

. Number of responses,

Number of output units,

H
. Simultaneity of responses, and

[<)NNE 7 TR ~NER 7 N R
.

Number of elements/output unit.

Table 8 presents the data on which the second post-diction study was
based.

A multiple correlation (R) was computed using a stepwise procedure.
The order of the scales in the above list paralleled the order in which

the predictor variabies emerged from the regression analysis. A point

of -diminishing returns, in terms of percent variance accounted for (Rz),

was reached after the fourth predictor emerged. Consequently, a re-

gression equation was written using nnly the first four scales listed

above., The half-diagonal intercorrelation matrix for all seven variables

(six predictors, one criterion) is presented in Table 9.
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Table 3

INTERCORRELATION MATRIX FOR THE SECOND ‘REGRESSION ANALYSIS

1 2 3 4 s 6 7+
1 1.00 733 .90 .44 .75 .76 -.54
2 1.00 .25 .3 .61 .26 .30
3 1.00 .59 .60 .60 -.41
4 1.00 .38 .22 .07
5 1.00 .81 -.18
€ 1.00. -.46
7 ‘ 1.00

* Criterion measure

The multiple R achieved for this post-diction study was 0.79, which
accounted for 63% of the viuriance (RZ). This coefficient was significant
‘[F (4, 15) = 6.42, p < .01]. Correction for small sample bias yielded a

cR = 0.73, which was slso significant [F (4, 15) = 4.28, p < .05]. The index
of forecasting efficiency for this corrected R was 31.7%. This figure indi-

cated that prediction using the regression equation would be superior to
that made on the basis of knowledge of the mean of the criterion measures
alone.

The regression equation was:

-t
Pm = -1.484 - 19.OS6X1 + 12.102X? + 4.213X, + 1.251X

3 4

where

P_ = Predicted mean percent time on targer after 5 minutes of
practice; and

X - X4 = Task characteristic scales #1 through #4 listed above.

31

Ny O

N




:Discussion

The,results of both post-diction studies are presentéd for com-
parison ir Table 10. ’

Table 10

COMPARISON OF POST-DICTION STUDIES 1 AND 2

Uncorrected Corrected .
> 2 2 For?cgstlng
R R éR qR Efficiency p(cR)
Study 1 .85 .72 .82 .67 43% .01
Study 2 .79 .63 .73 .53 32% .05

It is apparent that the post-diction efforts were successful in
both cases. The critical question of whether these results would hold
up in the face of cross-validation remains an open issue. Both studies
provide a predictive mechanism which had adequate merit when compared
to predicting performance on the basis of knowledge of only the means
of the respective samples.

Consideration of these results was interesting in light of the
‘model of performance cited ezrlier in the report. There, performance
was viewed as a function of the operator, the task, and the environ-
ment. Given that the operator and the envircmment components were
essentially "uncontrolled" or, at least, were unknown quantities in the
studies used here, it was not anticipated that the task component alone
would dccount for as much of the variance (67% and 53%) as it seemingly
did.

The model, for instance, suggested that uncontrolled variations in
the operator and enviromnmental components might well mask the relation-

ship between task characteristics and performance. This masking may
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indeed have been present. That it was not as pronounced as expécted,
however, may have been due to the fact that the operator and environ-
mental components were being indirectly coatrolled or almost held con=
stant. For example, with regard to the .environment, it could be assSumed
that any experimenter would attempt to ensure that such conditions -as
room temperature, noise level, level of illumination, etc., were at least
within some "subjective zone of acceptance“ when setting up his -experi-
ment unless these variables were accually part of his design. Since

the studies chosen were picked so as to avoid the presence of such
independent variables as stress, drugs, etc., it is reasonably safe to
assume that the "environment component" was essentially constant across
‘studies. Furthermore, the use of mean performance scores on each task
(obtained by averaging across individuals) tended to minimize tke in=
fluence of individual difference variables.

Given the limitations inherent in the post-diction approach, these
studies nevertheless showed that selected task characteristics were
correlates of performance. Use of the task definition described earlier
and of the descriptive indices derived from it appeared to provide a

basis for Systematically xelating differences among tasks to variations
in performance.
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COMCLUSIONS &30 RETCHENTATIOS

The work Jeseribed in this report Ees foousad o Bor coe of several
possible approsches vhich might be purswed in Bziter orzznizirg infer-
mation zbeur man perfomzoce. In the zresect appreech Meesks® were
vistsoo 25 more than marely comvenient veRicles to 3¢ vged oken assessiag
the effects of selectad erperimental treztments cn perfommmre. Insteszs:,
tasks wave ITeared as comgiexe~ cf indeperdent varizbles which, in their
oxn right, were capable of izfluencing pesfermemez. Fo Eetter vxderstamd
their inflvence, thzreiore, 2 lanrvege was developed to pemmit odjective
and direct description of different tesks and to provige a2 basis fmr
comparing 2nd contrastimg various "task treatmeste™.

This effort has tentatively denonstrated that it 25 possitle te
describe Tasks in zems ef a task-charscreristics lamzuaze which 3s
velatively free of the subjective and Izdirect fescriptors fornd 5n masy
orher systems. 1t has firther Jemonstrated thet the task characteristics
3y represent importapt correlates of performance. Although more
convincing proof of this point must awzit cress-wvzlidacion exercises, it
%as possible to describe subile diffcrences zmonz tasks and to relzte
such differsnces systematically to variations im perfommance.

#nile successiul in many respects, the study 2iso encountered 2
mmber of difficulties. First, 2likough severzl scales proved reasonably
reliable, many others did not. Substantial improverent in this arez is
reguired and =ight result fros Sore Intepsive traimring of judges, betier
-definition of characteristics, z2ndfor improved methods sr guantification.
Untii higher overall reliabilities can be obtained, comtinued use of
pnaneis of judges will be nacessary. This procsdure is less attractive

than the use of a "ingle rater.

Second, the current languege was designed so as to be appliczble
to all tasks, given our definition of a "task". The study Zndicated,
howaver, that the scales in their preseat form were less suitable for
the description of "cogniﬁive" paper-and-pencil tasks. It may be
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secessary o develop a3divicmad Jdezcyipinrs for ibis cype of task, or
o treat such tasks seperately withinm an entirely diffevent descriptive
system.

Third znd firzlly, oze wse of the descriptive system wes in g=
diccirg the mean level of parformzrce expectel o Sifferenz tzske. It
beezne sppere=t, Rovever, that meaxinziul zegressica egmzticns could e
Cewcleped only when the tasks In Questien siared the szme resgomse
mzasere. Iz otber wsrds, different egrations wuld be reguirsd for tasks
o2 which different response measires were engicyed.

One general consecuence of this Sivztics. sk-refore, 3s the ne=d
for research which 2ttenpts to idextify the smalisst sex of dustinct
respoase geasures whick con be wsed 1o represesnt 211 possible sweacnres.
Teichrer acd Clsen {I1689) E=zve suggest«! four such measures (orobebility
of detecticn, percent exruy, percentzze decrement in time on target,
z0d Teactica time) which, if they encomzessed a large proportion eof 211
rossible tasks, weuld be sorth pursaing. A second consequence bezrs
direcziy on the langvage developad in the prescenot study. The possibility
exists of tz2iloring seperate descriptive systezs for use with differzat
categories of tasks (Gefined in terms of vesponse measures). khzle this
zpproach 15 certainly feasible, and meght zctually bz superior were e
oaly iaterested in a particular cztegory of tasks, it wss pot adopied
in the present study baczuse of more catholic interests. A languege
wzs desired which pot only would provide 2 Basis for predicting gerfor-
mance (within categories) but sdiich would alssc provide for compzrisons
of tasxs across different categories.

Much additionzl resesrch is required if the approzch is to be
developed to tke fullest extent possibie. Two efforts in particular are
required. The first would center cn the type of application exphasized
in tne present effort, while the secornd would attempt to troader the
scope of the approzch.
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First, the predictive methodology stould be assessed usirg a meck
2arger szmple of tasks. Rescltant regressios equstions must then be
erzloeted in formael cross-validzticn exercises. Given that these efferts

were soccessiul, bow wouid the predictive mechodolozy be applied? Ideally,

the vser -~ 22 sgipmest design ergineer, z training specialist, etc. —
wiald firsz identify the type of pxrfommence mEpsure most aporopriate

for the pew task in questicn. He wouid thes refer te a2 documezat coataining
2 nmber of regression exstions, czch of hich wxs specific Yo a partics-

1zr type of prrformerce mezszze. Here be would ses which scales were
imrolved Ip 2ssescsing tZ2 type of perforsence relevant to his interest.
He wsuild zhen rate tke pex tzsk om these scales 2zd eater these valvss
into th= ogu=tion which sould contzin the sppropriate weights. The cul-
pot would Be 2 predicied mean level of performance on that task at

sonz specified point im the jearnipg curve. This estimzted levei of
performance cozlé then b2 compered te some desived criterion level of
performznce. If the predicted perSormarnce were imzdequate relative to
the desired level, tbe user would receive guidznce regarding remedizl
actions, i.e., redesignirg certain aspects of the task. For example,
beta-weights for each of the terms ix the equatior would indicste the
zelative contribution made by each task cheracteristic to the predicted
pexfornznce. The user woulé be in z position to change certain features
of the task by assessing which featuras were most poteat versus those
whick were zmepable to change. Having made these changes comceptuzlly,
he ecould rerun the regression equation using the new task values ard

see if a suificient irprovesent in perforzance had occurred. This
iterative process cculd be accomplished without physically changing the
equipment untlil a change was warranted.

A second, tather different application of the descriptive language
should also be studied. The situation kere would be represented by
the case where a review of the literature was conducted to determine
the gereral effect of a specific "envirpnmental' variable, i.e., massed
versus distributed practice, levels of noise, etc., on performance.
Typically, the findings of such a2 survey could b used to define a subset
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of studies In which, for exzmple: massed practice proved superior; a

subset in which spaced practice proved superior; and, possibly, a2 thixd
subset waich yielded no difference between the varizbles., Having cate-
gorized the stedies in terms of witich treatment wss superior (i.e.,
massed, distributed, peither), the tasks useé in those studies weuld then
be rated, azrd discrivimant function zmalyses would be conducted to
detesmine whether different task profiles were associated with the
various criterion groupe. If such were the case, zdditional studies
would be selected, tasks within those studies would be rated, and the
chrained profiles would be analyzed im order to predict which distribution
of practice should be superior for 2 given task.
be checked ageinst actuzl fearning data.
woeld have identifi

The predictions would
If successfuvl, these sfforis
ed those zspects of tasks which were beneficizlly
cenducive to the application of, in the czse of the example cited, either

mazsed or distributed practice. These findings would be of importance

to resezrcrers in both the applied and theoretical fields. Such sugges-
tions were made earlier by Fleisimren (1967} and Fleishean, Teichner,

and Stephkenson (1970); innings in this direction kzve been made

under this project by Teichner and Waitehead (1971).

In symeary, in zddition to pursuing the two major zpplicaticns cited
above, the fellowing activities should 2iso be considered:

(2) the developzent of descriptive systens for the operztor zand
environzental cemponents;

{b) tne developz=ent of a response taxonomy or classification system
to reduce the mumber of potential performance measures to 2 nanageable
set;

{c) 2 mathematical procedure for allowing the characteristics of
all theee of the model's coaoponents to enter info a full test of the
model’s predict.ve efficiency;

{d) the further development of the task characteristics themselves
in the direction of greater guantification;
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() a more adequatd means of assecsing the types of “relizbility”
of irterest to the rating situation encountered kere;

(£5 the develcpment of 2 collectica of suitable tasks both: zdequate
in mmber a;zd type to permit cross-validation; or

(2z) programmazic experimentzl efforts in which rasis, operators,

2nd the enviromment can be systematiczily varied. -

The need for firther devclopment rpotwithszarding, the preseat study
kas served = vzliuzble purpose. It has demonstrated the esseatial
validity and ugility of 2 rather different method of task description.
The charzcreristics themselvyes are not the ozly omes, nor necessarily
the best ones, which might be developed. Similarly, only one of several
possible uses of the descriptive data was evalwated. Although the
specifics of the system may eventually assume a very different form, the
present study has dezonstrated che soundness of the underiying 2pproach.
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APPENDICES

Scales Used in the 3-Judge Study

37 Tasks Used in the 3-Judge Study

Scales Used in the 28-Judge Reliability Study
Tasks Used in the 28-Judge Reliability Study
Scales Used in the 2-Tudge Stugy :

Tasks Used in the 2-Judge Study
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APPENDIZ 1

SCALES ‘USED IN THE 3-JUDGE STUDY

This section contains the 19 scales used in the 3-judge study.

Asterisks identify the subset of these scales which were ultimately
entered into the multipie regression analysis.
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TASK CHARACTERISTICS ANSWER SHEET

Rater's Name

Date Rating Performed

Name and Number of Task Rated

Instructions

There are 19 rating scales.

Each task should be rated on all 19

scales. As you assigned a scale value to the task, write down the scale
value on the line for that rating scale as listed below. There is space
at the bottom for you to describe any problems you had in applying the

scales to the task,

*1, Number of output units

#2, Duration for which an
output unit is maintained

3, Number of elements
per output unit

4., Work load imposed
by task goal .

5. Difficulty of goal
attainment

6. Precision of responses
7. Rate of responding

8. Amount of muscular effort
involved in responses

*9, Simultaneity of response

Problems/Comments

%10, Number of procedural steps

11. Dependency of procedural
steps

12, Adherence to procedures
13. Procedural complexity

#14. Variability of stimulus
locetion

*15, Stimulus or stimulus-compiex
duration

16. Regularity of stimulus
occurrence

17. Degree of operator control
18. Reaction time/feedback lag

19. Decision-making

’
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*1, NUMBER OF OUTPUT UNITS

An output unit is specified or implied in the statement:of the task
goal. Output units are often: an assembly of objects, a stimulus-control
rélationship, or a specifiable end-product (é. g., arrival at B in the: ~task,
run from A to B). You ire to judge the number of output units specified’
or implied by the task goal relative to other quotas which could be

established for the same type of task.

Definition

Examples

As many as possible - as many- 1
output units as | poss1b1e are to be

produced, usually during a fixed
period of time.

J¢@®Insert as many plugs into-the

connectors as possible in five
minutes
£#Do 200 push-ups in five< mmutes

6 J-9Do 200 push-ups.

Moderate number - relative to d—i«¢
other possible quotas for the sami.
type of task, a moderate numbes:
of output umts is to be produced;

AP S

One output unit - one output unit:ig
to be produced. It is either main-
tained or signals the termination

i
}
\&;!ofh"enty push-ups in five minutes. ‘
o L. fwenty push-ups. H

' #Assume a push- -up position,

Maintain it for five minutes,
~-#Do oné: niish-up.

E ¢#Add the following list of integers.

of performiance. 1
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%2, DURATION FOR WHICH AN OUTPUT UNIT IS MAINTAINED

Once the operator has produced an output unit, he may be
required to maintain or continue it for one of several time periods.
For example, it can be mairtained for as long as possible; or, its
completion may be a signal to leave it and go on to produce the next
output unit; or, finally, having produced it, performance ends.

Decide where the present output unit helongs on the below
scale,

Definition Examples

Maintenance for as long as )

rmtmernclirna——

possible - an output unit (body eHang in a bent-arm position for
position, stimulus-control re- ¢~as long as possible,

lationship, etc.) is to be main-
tained for as long as possible.

T eMaintain a stimulus -control
relationship (target and cursor)
for 20 minutes.

Moderate maintenance - relative § ____(...Maintain a stimulus-control
to other possible periods of main- relationship for five minutes,
tenance, an output unit is to be
maintained for a moderate period
of time.

2 L Do as many push-ups as possible
in ten minutes holding each "down'
position for 30 secondy.

*Do as many push-ups as possible

. in two minutes.
Short maintenance - i . : .
4 production of ] —3_eSolve the following trigonometric

an output unit signals termination problems.
of performance or production of

additional units. Maintenance,

thercfcre, is minimal,

L9




3.

NUMBER OF ELEMENTS PER OUTPUT UNIT

One way of describing an output unit is in terms of the number

of elements involved in its production.

By elements we mean the

objects or components which. when assembled, comprise the output

unit.

In an addition probler.:, for example, the numbers to be added

are the elements which comprise the output unit.

Rate the present task in terms of

the number of elements

forming an output unit on the scale below.

Definition

Many elements: each output unit {—
contains many constituent elements.

Moderate number of elements: 4 I
each output unit contains several

constituent elements.

Examples

eAssemble a radio f1..m ihe
*“components in this kit,

49 Change a flat tire.
e Rank order these 20 items.

&efush the button when the
light comes vn,

1

One ¢lement: each output unit
contains only one constituent

element.
50




4.

WORK LO.AD IMPOSED BY TASK GOAL

Work load is judged in terms of tl.e number of output units to
be produced relative to the amount of time allowed for their protection,

i, e., output units per time,

There are those tasks in which the goal is to maintain a situation,
e. g., stay within 40 feet of the vehicle ahead of you, rather than pro-

duce multiple output units,

For those tasks, the degree of work load

is directly related to the length of time for which maintenance is

required,

Rate the present task on the scale below,

Definition

High work load - as many output [ ____

units as possible are to be pro-
duced in a fixed period of time;

a relatively large number of output
units is to be produced in a
relatively short period of time; an
output unit is to be maintained for
a relatively long time or for as
long as possible,

Moderate work load - a moderate
number of sutput units is to be
produced in a reasonable period of
time; an output unit is to be main-
tained for a moderate period of
time relative to other possible
periods,

Low work load - a small number
of output units is to be produced
in a relatively long period of time;
an output unit is {o be maintained
for a relatively short period of
time,

s1

6 4

Examples

(_'_Drive as many nails as possible
in five minutes.

® Maintaiu 2 stimulus-control
relationship “2: cne hour

#Maincdin a stimulus-control

- 3 we 3
relationsl-ip as long as possible.

+9Drive ten nails in five minutes.

¢ Maintain a stimulus-control
relationship for three minntes.

®Drive these two nails in the next
five minutes.
um the following five integers.
®6Maintain a stimulus-control
relationship for 30 seconds,




5. DIFFICULTY OF GOAL ATTAINMENT

Difficulty of goal attainment is a funetion of two things: 1) the
number of elements in an output unit, and 2) the degree of work load
(both these terms have been previously defined). The greater the
work load and the higher the number of elements, the more difficult

is the goal,

Definition

Examples

High difficulty - not only is the 7
work load high, but the number You have two days in which you

of elements in an output unit
is also high.

6 -

Mcderate difficulty - both the work 4—
load and the number of elements in
an output unit are moderate; this
combination results in a task of
average difficulty. Or, one measure
is high and the other is low, thus 3
yielding a moderate average.

2.

are to assemble as man: radio
kits as possibie.

H-oBuild two small shipping crates
today.

-

. ®Paint the 'walls of this room.
Y“Take as much time as you need.

¢

Low Cifficulty - relative to other ] -
possibiz valuc«, work load and

elemeni number are both very

low.
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¢, PRECISION OF RESPONSES

Tasks mav be differentiated with

associated with overt observable responses.

motor control required will increase as

controls increases, rate of change in stimulus increases, etc.

respect to the degree of precision
Degree of precision or
target size decreases, lag in

You are

to judge the degree ci precision required in over! responses.

Definition

High degree of precisien - because 7—-—1

of small targets, fine scales,
sensitive controls, etc. the subject
must make responses which are
extremely precise.

Examples

a <

K Using hemical balance (scales)
K—determine the weight of the
following objects to the nearest
microgram,
® Replace the mainspring in this

w1 oot

-

4
Moderate precision - relative to the ——#H'Solder these two wires together,

definitions above or below, a
moderate degree of precision must
accompany subject's responses,

Using your pencil, trace this maze.

P P

Low degree of precision - because ] ——
of large targets, gross scales, in-
sensitive controls, etc. the subject

can make responses which are

gross or imprecise,

53

*Do twenty push-ups.
+eSort the oranges and lemons into
two piles.

J




7. RATE OF RESPONDING

Tnal-directed responses ¢an be emitted at different rates. Yom

are ‘o judge the rate of responding in a particular task by considering other
rates which are poszsible for that same task,

Definition Examples

] ——

High rate of responding - many

[Loxire 20 rounds as quickly as

responses are required per umnit possible,

time velative to other rates which o Complete this jig-saw puzzle as
could be employed for the same fast as you can.

task. Responses are often repetitive e Track this target,

or serial. In the eatreme, they are 6+

continuous, ‘

Moderate rate of responding - a 4 -‘_-'h—(-'-OFire 20 rounds. Fire rapidly
moderate number of responses but also be as accurate as you can.
are required per unit time, e You have half an hour to complete
this 20 item "True-False' quiz.

 [— .

® Add the following numbers. Take
responses are emitted per unit all the time you need.

time, Responses are often sin-

gular,

Low rate of responding - few

Sk




8. AMOUNT OF MUSCULAR EFFORT INVOLVED IN RESPONSES

This dimension reflects th
in performing the task,
weight-lifting to simple

Definition

High amount of muscular effort-
response(s) require a high degree
of muscular involvement,

Moderate amount of muscular 4

effort required for the response(s)

Low amount of muscular effort
required

S5

]

e degree of muscular effort required
It ranges from physical efforts such as
verbal resporses.

Examples

{ ~ [@®Do 20 pushups,

o Lift the heaviest we ight possible.

-;&‘Tghten nuts on bolts securely,

‘.S%Ider two wires together

$Add numbers and report the
sum aloudg




*9. SIMULTANEITY OF RESPONSES

An overt responsc or sequence of responses leading to the
prcduction of an output unit may involve one or more effectors

(hands,-arms, legs, feet, voice, etc.),
may not be used simultaneously,

These effectors may or

You are to rate the degree oi simultaneity involved in using
the effectors needed in the response{a) leading to production of

an output unit,
Definition

High simultaneity - responses in- 1
volve the simultaneous use of
several effectors on a fairly
continuous basis.

Moderate simultaneity - responses 4—
involve th- simultaneous use of
at least two effectors on a
continuous or periodic basis,

Examples

—T¥“"ou are to fly this plane at 400

knu's and an altitude of 5, 000
feet, . nking to the left and to
the right,
oPlay this son_ on the piano.

oPat your kead and rub your stomach.
eHit that target by firing your rifle.

Low sinmultaneity - responses in-
volve the use of only onc effector
at a time. If other effertors are
employed, they are employed
sequentially.

56.

SPuch the button when the light
comes on.




%¥10. NUMBER OF PROCEDURAL STEPS

Earlier we were concerned about the number of elements, i.e.,
objects or components, involved in the rroduction of one output unit.
Now we want to consider the number of procegural steps (responses)

needad tc produce one output unit,

scale below,
Definition
Large number of steps - the

procedure consists of a large
number of constituent steps.

Medium number of steps - the
procedure contains a medium

number of steps relative to other
procedures.

Small nurnber of steps - the
procedure: consists of few steps,

At a mirimum, only one step may
be necessary.

57

There izn't a necessary one-
to-cux rezlationship between objecis #nd responses.

Consider the number of res»onses or steps involved in
producing one output unit.for the present task, Rate this task on the

Examples

@Build a crystal receiver set
following the enclosed instructions.

#Solve the equation XZ -4X +4 =0,
¥eT ) pe the following business letter.

3 —

2

¢Open this combination lock
(32L - 43R - 10L).
¢Press the button whenever the

1 L_light comes on,




1. DEPENDENCY OF PROCEDURAL STEPS

Consider again the number of steps involved in producing one
output unit, The steps may be described in terms of the dependency
among them; dependency concerns the extent to which the steps must
be done in some specified order. For example, dependency exists
between steps A and B if step B cannot be accomplished without step
A being done first, Note: Procedures which have only one step are

autematicaily low in dependency.
Definition

High dependency among steps -
each step in the procedure is com-
pletely dependent upon the pre-
~eding procedural step. Systematic
ordering of steps is at a maximum.

Moderate dependency among steps - 4
in the total number of steps com-
prising the procedure,approximately
50% are dependent upon preceding
steps.

Low dependency among steps -
procedural steps are not organized

in any particular sequence. Step "A'
may precede ""B' or '"B'' may precede
"A", Procedures having one step are
low in dependency.

58

] ——

Examples

*Using the combination you've been
given, open the safe.
eDial this telephone number.

6 4

5 4

__r:Using colored blocks, stack

them into columns four blocks high.
Do this in the order red and green
for the first two blocks. The
remaining blocks may be of any
color.

b

eUsing colored blocks, stack
¢-them into columns four blocks high.
Order of color is unimportaat.




12, ADHERENCE TO PROCEDURES

Tasks may vary in the extent to which the operator must

faithiully adhere to the procedures set fo

rth, In some types

of tasks strict adherence is critical; in others, the operator may

depart somewhat from stated procedures
performance,.

witkout jeopardy to the

Judge the degree of adherence to stated procedures for the

present task,

Definition

[

Examples

High - strict adherence to rocedures""‘ﬁFiring an M-1 rifle according to
Zigh P

with even small departures being
discouraged or having detrimental
results,

procedures given by a Marine D,1,

Moderate - Some departures from 4 ~—t#Given conventional procedures to

the stated procedures are tolerated.

solve a trigonometric probiem:;
alternative procedures exist and
can be employed.

Low - fairly large departures 1 “—%Type a letter using whatever pro-

from stated procedures are tolerated.

59

cedures you are most comfortable
with,




13. PROCEDURAL COMPLEXITY

Procedural complexity i~ a function of the number of steps or
responses leading to an output unit and the degree of depeundency

among these steps,

Rate the present task in terms of its procedural complzxity,

Definition

High complexity - the procedure

contains many steps. £ach step
is dependent upon execution of the
step which precedes it,

Moderate complexity - the pro-
cedure contains several steps.
Not all steps are dependent upen
preceding steps, however,

1 ——

4 —]

Examples

Without referencing any iotes,
perform a B-52 pre-flight check-
list task.

¥Check and if necessary replace
the following tex tubes (Tl. R ST}
in these 10 radio sets.

Low complexity - the procedures 1 —
consists of few steps and there is
little if any dependency among steps.

60

“$When the light comes on, rress
this button as fast as you can,
¢Bolt this bracket to that framé.




%14,

VARIABILITY OF STIMULUS LOCATION

Judge the degree to which the physical location of the stimulus
or stimulus complex is predictable over task time.

Definition

High predictability - stimulus
locatior remains basically
unchanged,

Medium predictability -
location changes but in a
known manner or pattern,

Low predictability - location
changes in an almost random
fashion.

7___._._

6.1

4

61

Examples

eStimulus is'a red light located
on a dieplay panel.

e Visually following an arrow in
flight toward a target.

® Predicting which leaf will fall
from a tree next.




*15. STIMULUS OR STIMULUS-COMPLEX DURATION

Consider the critical stimulus or stimulus complex to which
the operator must attend in performing the task. Relative to the
total task time, for how long a duration is the stimulus or stimulvus
complex present during the task?

Definition Examples
Long duration - stimulus would ' 1 —T®Drawing a picture by observing
remain indefinitely. a model of the object being drawn,

Medium duration - stimulus remains *Red light goes out when operator
present until changed (spatially, 4___| ” pushes a button.

temporally, etc.) by the response
made to it.

Short duration - stimulus ceases ¢Operator must identify words or
prior to response being made to it, l__‘L(. targets presented tachistoscopically.
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16. REGULARITY OF STIMULUS OCCURRENCE

Consider the critical stimulus or stimulus-complex to which the
operator must attend. Does it occur at regular (i. e., equal) intervals
or at irregular intervals., Treat equal intervals and constant presence
of the stimulus as equivalent conditions,

Rate the present task on this dimensicn,

Definition Examples
High regularity - regular intervals, 7 *Responding to units or. an
periodic occurrence. Also refers assembly line.
to stimulus which is constantly
present. ¢ Looking at a picture on a wall.

Medium regularity - Irregular zOReceiving morse code,
intervals but a perceivable pattern

of occurrence.

Low regularity - Very irregular ] -—&eDetecting random signals on a
intervals; stimulus occurrence is CRT display.
aperiodic,
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17. DEGREE OF OPERATOR CONTROL OVER THE OCCURRENCE
OF THE STIMULUS AND THE RESPONSE

Does the operator determine when the stimulus appears (e.g.,
self-controlled) or is the occurrence of the stimulus externally-
controlled? Given the occurrence of the stimulus, must the operator
respond immediately (externally-controlled) or may he respond at wiil
(self-controlled)?

Based on these two decisions, rate the task in question on the
following scale,

Definition Examples
High subiect control - (both ] —— ¢ Reading aloud to oneself.
stimuli and responses are self-

paced).

Medium subject control - (either 4 ~——1#Shooting skeet (shooter de-
the stimuli or the responses are termined when 'bird' appears),
self-paced).

Low subject control - (both 1 __1,Typical reaction time task.
stimuli and responses are ex-
ternally paced).
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1&. REACTION TIME/FEEDBACK LAG RELATIONSHIP

What relationship exists between the operator's reaction time
interval (i.e., the time between stimulus appearance and initiation of the
operator's response) and the time lag interval occurring before feedback
(i.e., knowledge of the effects of the response) begins? Note carefully
that the two intervals of interest are formed by the initiation of the
stimulus, response, and feedback, e.g.,

€ A "€ B N

| (Reaction Time) ! (Feedback Lag) |

| {
Stimulus Response Feedback
Initiation Initiation Initia::ion

: : L

TIME }

Definition ' Examples

] ——

A > B - Reaction time (A) Al Subject listens to a series of
exceeds feedback lag (B) digits and repeats them after
. a 20-second delay,

A =B - Reaction time (A) ¢ Subject presses button to turn
equal to feedback lag (B) 4 w—t—f—" off red light when it comes on,
Light goes out when button is
pressed,

A{ B - Reaction time (A) 2“F' ® Subject answers a question on
is shorter than feedback lag (B) a paper-and-pencil test; gets
] L, results at end of test,
)
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19. DECISION-MAKING

The task instructions guide the operator in producing an output
unit., Freqt.ently, the steps leading to the output unit are not of an
"A~—B.~ C'" nature, but instead they involve choice-points where the
operator must decide which of several potential steps should be done
next. He bases his choice on the outcome of the last step, For
example, the instructions might say, '""Press button A and observe
the outcome; if a red light comes on, throw the switeh, If the blue
light comes on, throw the blue switch.'" The key feature of this
situation is that the operator must decide what to do next on the basis
of the feedback or outcrme of his last response,

Rate the present task on the extent to which it contains choice-
points in the steps leading to an output unit,

Definition Examples
High decision-making - more 17—,
than 75% of the steps involved in | eTrouble shooting a piece of
the production of an output unit electronic gear

counsist of choice-points.

64 Diagnosing an illness

Moderate decision-making-
approximately half of the 4§ —/
steps involved in the pro-

duction of an output unit consist of
consist of choice-points

34

Low decision-making 2 <+
fewer than 25% of the steps
involved in the production at
an output unit consist of
choice-points.

+Reciting a short verse
1 by memory
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APPENDIX 2

37 TASKS USED IN THE 3-JUDGE STUDY

These tasks were drawn primarily from a study by Fleishman (1954).
The raters were provided with a two-page description of each task
which contained (a) a picture of the apparatus; (b) a verbal des-
cription of the basic task; and (c) the actual instruction read
to the subject. Two examples of such tasks are presented in their
entirety in this appendix, along with a listing of all 37 tasks by
name and source. Double asterisks (**) indicate the subset of 26

tasks which ultinately entered the multiple regression analysis.
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TASK 1

Apparatus

Description

The S is seated before a long rectangular boxlike apparatus
containing two openings. Each opening is the entrance to a straight
passageway which S must negotiate with a long stylus. He moves
the stylus forward at slightly below shoulder height and at arm's
length, He must move the stylus slowly and steadily away from his
body, trying not to hit the sides of the cylindrical passage, As he
reaches the end of the passage he strikes a contact point and with-
draws the stylus, again trying to avoid hitting any part of the passage-
way. He then negotiates the second passageway. Two complete ne-
gotiations constituie¢ a trial. Counters record the number of contacts
and clocks record the amount of time in contact., Six trials, no time
limit,

Instructions

Your task is to move this stylus slowly and carefully arms length
through the openings. You are to do this without touching the sides of
the passsgeway with the siylus, When the stylus makes contact with the
end of the passageway, withdraw it carefully and slowly without touching
the sides, When you have moved the stylus in and out of opening No. 1,
move to opening No. 2 and repeat the procedure, After moving in and
out of the second passageway, place the stylus beside the machine and
rest until told to continue. You will repeat the procedure., Are there
any questions?

Remember to keep the stylus at arms length at all times and to

move as carefully as possible to reduce errors which is time you con-
tact the sides of the passageway, Begin when I say 'Start'.

6o Preceding page blank
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TASK 3

Apparatus

Description

The S is required to negotiate an irregular slot pattern with a T-
shaped stylus, He sits at arm's length from the apparatus box and
moves slowly and steadily through the pattern from right to left,
depresses a plunger at the end of the pattern with his stylus, and then
returns through the pattern., This constitutes one trial.

Errors are recorded each time any part of the stylus touches
the top, bottom, or back of the slot. Four trials, no time limit,

Instructions

Your task is to move the stylus at arms length slowly and carefully
through this slot. You are to do this without allowing the stylus to touch
the top, bottom, or inside of the slot. Any time the stylus touches any
part of the metal plate around the slot, errors will be automatically
counted against you, The red light tells you when you are making errors,
When you get to the end of the slot, push in on the little plurger with
your stylus, and then retrace the pattern without removing the stylus
from the slot, When you have completed tracing back through the slot,
put your stylus down and place your hand in your lap. Rest until told to

begin.

Remember, it is important that you move slow enough so that you
may avoid hitting any part of the slot.

Are there any questions?

Pick up the stylus and begin when the green light goes on.
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TASK LISTING*
. Precision Steadiness
. Steadiness Aiming
. Tracking Tracing

. Two-Plate Tapping

1
2
3
4
*% 5, Ten-Target Aiming
6. Visual Reaction Time
7. Minnesota Rate of Manipulation-Turning
8. Purdue Pegboard-Right Hand
9. Rotary Pursuit
10, Complex Coordination
*%11, Key Tapping
#*%12, Rotary Aiming
*%13, Hand-Precision Aiming
*%]14, Auditory Reaction Time
%%15, Minnesota Rate of Manipulation-Placing
%%16, Purdue Pegboard-Two Hands
#%17, Purdue Pegboard-Assembly Test
#*%]18, O'Connor Finger Dexterity
*419, Santa Ana Finger Dexterity
#%20, Pin Stick
#%21., Dyaamic Balance
22, ,’ostural Discrimination
23, Postural Discrimination
24, Discrimination Reaction Time
25, Rudder Control
%%26, Medium Tapping
*%27, Large Tapping
#%28, Pursuit Aiming I

#*%29, Pursuit Aiming II
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**30.' Aiming
*%31., Square Marking
*%32. Tracing
33. Steadiness
*%34, Discrimination Reaction Time-Printed
*%35, Marking Accuracy
*%36, Verbal Addition Ta.s:k1
37. Silent Reading Task2

*Tasks numbered 1 through 35 were abstracted from:

Fleishman, E. A. Dimensional analysis of psychomotor abilities.
Journal of Experimental Psychology, 48, 6, 1954, 437-454,

Certain of these tasks (7,15; 8,16, 17; and 22, 23) were used more than once
as there were different aspects of the tasks which could be scored. This
had the net effect of changing the nature and number of the output units and
certain of the other characteristics.

**Indicates the 26 tasks which ultimately entered the multiple regression
analysis,

1This task was abstracted from:

Mech, E. V. Factors influencing routine performance under noise:
1. The influence of ''set'., Journal of Psychology, 1953, 35,
283'298.

This task was abstracted from:

McGuigan, F. J., & Rodier, W. I. Effects of auditory stimulation on
covert oral behavior during silent reading. Journal of Experi-
mental Psychology, 1968, 76, 4, 649-655.
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APPENDIX 3

SCALES USED IN THE 28-JUDGE RELIABILITY STuUDY

This section contains.the 16 scales used in the 28

-judge
reliability study.
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Revision 2, 3/70

TASK CHARACTERISTICS ANSWER SHEET

Rater's Name

Date Rating Performed

Task Number

Instructions

There are 16 rating scales.

Each task should be rated on all 16

scales., As you assigned a scale value to the task, write down the scale
value on the line for that rating scale as listed below. There is space
at the bottom for you to describe any problems you had in applying the

scales to the task.

1. Number of output units

2, Duration for which an
output unit is maintained

3. Number of elements per
output unit

4, Work load
5., Precision of responses
6. Response rate

7. Degree of muscular effort
involved

8. Simultaneity of responses

Problems/Comments

74

9.

10.

11,

12,

13. .

14,
15.
le.

Number of procedural
sceps

Dependency of procedural
steps

Variability of stimulus location
Stimulus or stimulus complex
duration

Regularity of stimulus oc-
currence

Operator control of the stimulus
Operator control of the response

Rapidness of feedback
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1. NUMBER OF OUTPUT UNITS

The entire purpose of the task is to create output units. An output unit
is the end product resulting from the task. Output units can take different

forms. For example, sometimes the output unit is a physical object as-~

sembled from several parts,

It may also take the form of a relationship

between two or more things, e, g., drive three car-lengths behind the car in
front of you. An output unit might also be a destination, e.g., run from here
to the corner, with the corner being the destination,

First, identify what the output unit(s) is in the present task. Now, judge
the number of such output units that someone performing this task is supposed

to produce,

Definition

As many as possible - as many
output units as possible are to
be produced, usually during

a fixed period of time,

Moderate number - a moderate
number of output units is to be
produced,

One output nnit - one output unit is
te be produced. It is either main-
tained or it signals the termination
of performance,

Examples

@® Insert as many plugs into the
connectors as possible in five
minutes,

® Do twenty push-ups in five minutes,

® Assume a push-up position and
maintain it for five minutes,
# Do one push-up,

o Add the following list of numbers




2, DURATION FOR WHICH AN OUTPUT UNIT IS MAINTAINED

Once the operator has produced an output unit he may be required to
maintain or continue it for onc of several time periods. For exainple, it
can be maintained for as long as possible, Another alternative is that
completing one output unit is a signal to leave it and go on to produce the
next output unit. Or, having produced the output unit, performance ends.

Decide where the present output units belorg on the below scale,

Definition Examples

Maintenance for as long as i
possible - an output unit (body [ J—— Hang in a bent-arm position for
position, stimulus-control re- as long as possible.

lationship, etc.) is to be main-
tained for as long as possible,

6 o ¢ Maintain a stimulus-control rela-
tionship for 20 minutes.

Moderate maintenance - relative ® Maintain a stimulus-control rela-
to other possible periods of 4 tionship for five minutes,
maintenance, an output unit
is to be maintained for a
moderate period of time,

® Do as many push-ups as possible in
9 ten minutes holding each ""down' posi-
tion for 30 seconds.

Short maintenance - production of

an output unit signals the end ®Solve the following trigonometric
of performance or the production problems,

of additional units, Maintenance,

therefore i~ minimal time,

7¢




3. NUMBER OF ELEMENTS PER OUTPUT UNIT

One way of describing an output unit is in terms of the number of
elements involved in its production, By elements we mean the parts or
components which comprise the output unit. In an addition problem, for
example, the numbers to be added are the elements which comprise the
output unit. In a more physical task, the elements could be parts to be
assembled or apparatus to be manipulated,

Rate the present task on the scale below in terms of the number of
elements entering into a single output unit,

Definition Examplez
Many elements: each output 1 oo Assernbly a rado from the com-
unit contains many elements, ponents in this kit,

Moderate number of elements; 4 ¢ Change a flat tire,
each output unit contains several “*] e Rank order these 20 items,
elements,

3 e
One element: each output unit e Push the button when the light
contains only one element, comes on
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4. WORK LOAD

Woik load refers to the number of output units to be produced relative
to the time allowed for their production, We are interested in the ratio of
the number of output units per unit time, e. g,, make 5 widgets in 10 minutes =
1 widget produced every two minutes,

However, there are those tasks in which the goal is to maintain a situa-
tion rather than to produce multiple output units, For example, a driving
task where you are to stay within 40 feet of the vehicle ahead of you. For
these types of tasks, work load refers to the length of time for which main-
tenance is required. The longer the maintenance period, the higher the
work load,

Therefore, rating a task in terms of work load resolves to answering
one of two questions:

1) How much has to be produced in what amount of time; or

2) How long does this situation have to be maintained or continued?

Definition Examples

High work load - as many

output units as possible are to be'! “ ] e Drive as many nails as possible
produced in a fixed period of time; in five minutes,

a relatively large number of output ¢ Maintain a stimulus-control
units is to be produced in a rela- relationship as long as possible,

tively short period of time; an
output unit is to be maintz.ined 6
for relatively long time or for as
long as possible,

Moderate work load - a moderate @ Drive ten nails in five minutes,
number of output units is to be 4 = ° Maintain a stimulus-control
produced in a reasonable period relationship for three minutes.

of time; an ocutput unit is to be
maintained for a moderate period
of time relative to other possible
periods.

3

o Drive these twc nails in the next
five minutes.
# Sum the following five numbers.

Low work load - a small number e Maintain a stimulus-control

of output units is to be produced ) .
in a relatively long period of time; relationship for 30 seconds,
an output unit is to be maintaine
for a relatively short period of time.
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5. PRECISION OF RESPONSES

Tasks may differ in terms of how precise or exact the operator's

responses must be,
task.

Definition

High degree of precision - because
of small targets, fine scales,
sensitive controls, etc. the subject
must make responses which are
extremely precise,

Moderate precision - relative to

the definitions above or below, a 4
moderate degree of precision

must accompany subject's responses,

Low degree of precision-because
of large targets, gross scales, in-
sensitive controls, etc. the subject

can make responses which are gross
or imprecise,

7—-

Judge the degree of precision involved in the present

Examples

® Using a chemical balance (scales)
determine the weight of the following
objects to the nearest microgram.

¢ Replace the mainspring in this
wrist-watch.

® Solder these two wires together.

==} ¢ Using your pencil, trace this maze.

¢ Do twenty push-ups,

e Sort thc oranges and lemons into
two piles.
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6. RESPONSE RAT%Z

Responses can be made at different rates. That is, the frequency with
which responses must be inade can vary from task to task, For example,
you would have a higher rate of responding if you were playing a singles game
of tennis'than if you were playing chess. The responses would come more
frequently in the first case than in the second. You are to judge what rate
of responding is called for in the task being judged,

Definition

High rate of responding - many
respouses are required per
unit time. In the extreme case
responses become continuous,

Moderate rate of responding - a
moderate number of responses
are required per unit time,

Low rate of responding - few
responses are emitted per unit
time, Respontes are often sin-
gular,

Examples

o Fire 20 rounds as quickly as
possible,

® Complete this jig-saw puzzle as
fast as you can,
o Track this target,

w4 ¢ Fire 20 rounds. Fire rapidly but
also be as accurate as you can,

® Add the following numbers, Take
ali the time you need.
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7. DEGRET™ OF MUSCULAR EFFORT INVOLVED

This dimension considers the amount of muscular effort required to
perform the *task, Examine the task and identify the most physically
strenuous part of it. Rate this part on the scale below.

Definition Examples

High amount of muscular effort-
response(s) require a high 7 ® Do 40 push ups.
degree of muscular. involvement, e Lift the heaviest weight possible,

Moderate amount of muscular @ Tighten nuts on bolts securely with
effort required for the response(s) a wrench,

Low amount of muscular effort ® Solder two wires together
required 1 6 Add numbers and report the
— sum aloud.




8. SLAMULTANEITY OF RESPONSES

The responses which the operator makes in producing an output may
involve one or more effectors (e, g., hand, foot, arm, voice, etc.). De-
pending upon the task, these effectors may or may not be used simultaneously.
For example, both hands (two effectors) are used simultaneously in playing
a piano.

You are to rate the degree of simultaneity involved in using the effectors.
needed for the response(s).

Definition Examples
High simultaneity - responses in- ® You are to fly this plane at 400
volve the simultaneous use of 7 knots and an altitude of 5,000
several effectors. feet, banking to the left and to : e
right,

e Play this song on the piano.

Moderate simulianeity - 4 ® Pzt your head and rub your stomach,
responses involve the o Hit that target by firing your rifle,
simultaneous use of at least
two cffectors,

Low simultaneity - responses in-
voulve the use of only one effector ® Push the button when the light comes

at a time, I{ other effectors are 1 on.
employed, they are employed se-
quentially, 82




RS AN

9. NUMBER OF PROCEDURAL STEPS

Earlier we were concerned about the number of elements, i.e, » objects
or components, involved in the production of one output unit. Now we want
to consider the number of procedural steps (responses) needed to produce
one output unit, There isn't a necessary one-to-one relationship between ob-
jects and responses,

Consider the number of -€sponses or steps involved in producing one
output unit for the present task. Rate this task on the scale below,

Definition Examples

Large number of steps - the

procedure consists of a large 1 e« ¢Build a color TV kit following the
number of constituent steps, enclosed instructions.

Medium number of steps - the ¢ Solve the equation X2 - 4X 4=0
Procedure con*ains a medium 4 e ¢ Type the following business letter,
number of ste s relative to
other procedures,

® Open this combination lock
(32L-43R-10L).

® Press the button whenever the light
comes on,

Small number of steps - the pro-
cedure consists of few steps, At
& minimum, only one step may
be necessary,
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10, DEPENDENCY OF PROCEDURAL STEPS

Consider again the number of steps (responses) involved in producing
one output unit, Thec steps may be described in terms of the dependency
among them; dependency concerns the extent to which the steps must be
done in some specified order. For example, dependency exists between
steps A and B if step B cannot be accomplished without step A being done
first. Note: Procedures which have only one step are automatically low
in dependency.

Definition Examples

High dependency among steps -
each step in the procedure is
completely dependent upon the
preceding procedural step.
Systematic ordering of steps is at
a maximum.

¢ Using the combination you've been
given, open the safe,
e Dial this telephone number,

7

6 o

Moderate dependency among steps, - ¢ Using colored blocks, stack them into
in the total number of steps com-4 - columns four blocks high, Do this in
prising the procedure, approx- the order red and green for the first
imately 509 are dependeut upon two blocks., The remaining blocks may
preceding steps, be of any color,

Low dependency among steps - ® Using colored blocks, stack them into
procedural steps are not organized columns four blocks high, Order of
in any particular sequence. Step ] color is unimportant,

"A'may precede "3" or "B" may
precede "A'', Procedures having one
step are low in dependency,
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11. VARIABILITY OF STIMULUS LOCATION

Judge the degree to which the physical location of the stimulus or
stimulus complex is predictable over task time,

Definition Examples

High predictability - stimulus [ e e Stimulus is a red light located
location remains basically on a display panel,
unchanged.

Medium predictability - 4 ® Visually following an arrow in
location changes but in a - flight toward a target,
known manner or pattern.

3

2
Low-grec?ig;ghih‘tx.- location ® Predicting which leaf will
changes in an almost random fall from a tree next,
fashion. 1
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12.  STIMULUS OR STIMULUS COMPLEX DURA TION

Consider the critical stimulus or stimulus-complex to which the
operator must attend in performing the task. Relative to the total task
time, for how long a duration is the stimulus or stimulus-~-complex present
during the task?

Definition Examples

Long duration - stimulus would ¢ Drawing a picture by observing
remain indefinit ‘y. a model of the object being drawn,

Medium duration - stimulus 4 ] ® Red light goes out when operator
remains present until changed pushes a button,

(spatially, temporally, etc.)
by the response made to it.

Short duration - stimulus ceases ¢ Operator must identify words or
prior to response being made to ] — targets presented tachistoscopically,
it,
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r“ 13, REGULARITY OF STIMULUS OCCURRENCE

Consider the critical stimulus or stimulus complex to which the
operator must attend. Does it occur at regular {i.e., equal) intervals

or at irregular intervals, Treat regular intervals and constant pre-
sence of the stimulus as equivalent conditions,

shis s aetade i O

Rate the present task on this dimension.

Definition Examples

High regularity - stimulus
occurs at regular intervals or [
is constantly present,

eCars coming along an assembly line.

e Looking at a photograph of an object.

Medium regularity -~ stimulus

"occurs at irregular (unequal) s ¢ Receiving morse code.
intervals but there is a pattern

of occurrence.

L

e

Low regularity - stimulus oc- oD ) )
3 curs at very irregular (almost d.ete;:tmg random signals ona CRT
1 random; intervals, 1 18piay.
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14. OPERATOR CONTROL OF THE STIMULUS

What degree of control does the operator have over either the occurrence

or relevance of the stimulus?

Definition

Full operator control - the
operator is the sole determiner
of when the stimulus occurs or
when it becomes relevant.

Partial operator control - the
operator has some control
over when the stimulus either
occurs or becomes relevant,

 p—

No operator control - the operator

has no control over when the

. stimulus occurs or when it becomes

relevant.

88

Examples

¢ Shooting skeet; shooter determines
when '""bird" appears.

#® Controlling the speed of your car in
approaching a traffic light in order
to have a green light when you get
to the intersection,

» Waiting for the telephone to ring.




15. OPERATOR CONTROL OF THE RESPONSE

Given the occurrence of the stimulus, what degree of control does the
operator have over when he must initiate response?

Definition Examples

Full operator control - the

#® Playing a game of chess by yourself

operator is the sole deter-~ T = where you play both sides and there
miner of when the response is no time limit for responding.
will be made,

6

5 o
Partial operator control - the ¢ The traffic light turns red when you
response must be made within 4 o are 500 yards from it; you have
a reasonable time after the options as to when you will hit the
stimulus occurs but the operator brake,
determines when within the interval
the response will take place.

3 e

No operator control - the ® Typical reaction time task, When the
] operator must respond as soon 1 lipht comes on, push this button as
f as the stimulus occurs. fast as you can.

o




16, RAPIDNESS OF FEEDBACK

For present purposes the term FEEDBACK refers to information
which an operator may get about the correciness of a response, In this
scale we are interested in how quickly feedback occurs once the response

is made.

Definition Examples
Immediate feedback - [ p— Finding the ccrrect switch to
Operator knows whether the turn on a light,

response was correct as soon
as it was completed,

Delayed feedback - operator ¢ Opening a combination lock having
receives feedback regarding //— five numbers,

his responses after entire
task is completed,

R

No feedback provided - ® Student takes a mid~term exam but
Operator never recelves fcedbacl is not told what grade he got,
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APPENDIX 4

TASKS USED IN THE 28-JUDGE RELIABILITY STUDY

This section contazins the 15 tasks* used by 28 judges in an
assessment of the reliaBility of 16 scales. The information
provided on each task consisted of: (a) a picture of the apparatus;
(b) a verbal description of the basic task; and (c) the actual
instructions read to the subject. Two examples of these tasks
are presented in their entirety in this section; the remainder are

listed by name along with a reference to the study from which they
are abstracted.

*
The original reliability study employed 20 tasks: 15 psychomotor
and S5 paper-and-pencil (cognitive) tasks. The scales proved entirely

unreliable for the latter tasks and, hence, these five descriptions
are omitted from this section.
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TASK LISTING*
1. Two-Plate Striking
. Ten Target Aiming
Purdue Pegboard
. Control Sensitivity

Two-Hand Coordination

2

3

4

5

6. Pursuit Confusion
7. Bimanual Matching

8. Visual Reaction Time Test
9. Steadiness Aiming

0. Single Dimension Pursuit
11, Complex Coordination Test
12, Tracking Tracing

13. Rotary Pursuit

14, Precision Steadiness

15, Minnesota Rate of Manipulation

#*Descriptions and illustrations of these tasks were abstracted from:
Parker, J. R., Jr., & Fleishr-an, E. A. Ability factors and com-
ponent performance meastres as predictors of complex
tracking behavior. Psychological Monograph, 1960, 74, No. 503,

Preceding page blank

et o A



TASK 10

Apparatus

Description

The subject makes compensatory adjustments (in and out movements)
of a control wheel in order to keep a horizontal line in a null position as it
deviates from center in irregular fashion. The control wheel is damped
pneumatically, introducing a lag into the system. Score is the time the
horizontal line is held in a null position during the four l-minute trials.

Instructions

In this test your job is to keep this whit: line inside the circle cen-
tered between these two points. When the test starts, the line will start
to move out of position. Your task is to keep the line centered as it de-
viates from the center., You can move the line up by pulling out on this
wheel and you can move it down by pushing in on the wheel, Rotating the
wheel has no =ffect. Your score will be the total time you are able to
keep the white line centered.

READY?

BEGIN?
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TASK 11

Aggaratus’

Descrigtion

The S is required to make complex motor adjustment of stick and
pedal controls in response to successively presented patterns of visual
signals,

A correct response (movement of stick and rudder controls to
proper positions) is not accomplished until both the hands and feet have
completed and maintained the appropriate adjustment. A new pattern
appears as each correct response is completed. Score is the number of
completed matchings., Four 2-minute test periods.

Instructions
astriacons

Your task will be to line up a green light with each of the three
red lights. Moving the stick from side to side moves the top green
light. Moving the stick forward and backward moves the middle green
light; and moving the rudder bar moves the bottom green light, Move
the stick sideways to match the top green light with the top red light,
Get it directly underneath. If it is off to one side like this it will not
work. Then hold the stick in position to keep the top lights matched
while you mrove it forward or backward to match the middle lights,
Then hold the stick stez+4y while you match the bottomn lights with the
rudder bar.

When you have matched all three lights, a new setting of red lights

will appear. Go right ahead and match the new setting of red lights
without bothering to come back to neutral,
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TASK 11 (Continued)

If you move any of the controls as far as it will go there will be
no green light. You must ease bzvk a bit to find the end green light,

When the rest starts, you may use either your right or left hand
on the stick, bui use only one hand throughout the test, Keep your heels
off the floor. Match as many settings of the lights as you can until
go out, If the red lights ever fail to come on, let me know immediately.

Your score will be the number of maichings you can make in the
time allowed, Work as rapidly as you can. When the buzzer sounds,
the test period begins, When all the lights go out again, the test will
be over.
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APPENDIX 5

SCALES USED IN THE 2-JUDGE STUDY
This section contains the 18 scales used in the 2-judge study.

Asterisks identify the subset of these scales which were ultimately

entered into the multiple regression analysis.
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TASK CHARACTERISTICS ANSWER SHEET

Rater
Study No. Author:
Date
Type Task
*1. Number of output units
2, Duration
*3. Number of elements/output unit
4. Work load
*5, Precision of responses
6. Response rate
7. Tutorial dependency
8. Natural dependency
9. Operator control over response
10, Simultaneity of responses
*11. Number of responses
*12. Number of procedural steps
13. Feedbazk
14, Degree of muscular effort
15, Operator control over stimulus
16. Regularity of stimulus occurrence
17. Stimulus duration
18, Variability of stimulus location
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‘1. NUMBER OF OUTPUT UNITS (UNIT)

The entire purpose of the task is to create output units, An output unit
is the end product resulting from the task. Output units can take different

forms. For example, sometimes the output unit is a physical object as-
sembled from several parts. It may also take the form of a relationship
between two or more things, e.g., drive three car-lengths behind the car in
front of you. An output unit might also be a destination, e.g., run from here
to the corner, with the corner being the destination,

First, identify what the output unit(s) is in the present task., Now, count
the number of such output units that someone performing this task is supposed
to produce, Use the designation AMAP (As many as possible) where no actual
limit exists,

2. DURATION FOR WHICH AN OUTPUT UNIT IS MAINTAINED (DURA)

Once the operator has produced an output unit he may be required to maintain
or continue it for one of several time periods, For example, it can be maintained
for as long as possible., Another alternative is that completing one output unit is
a signal to leave it and go on to produce the next output unit. Or, having produced
the output unit, performance ends.

Choose which of the following alternatives applies here:

1) Maintain unit as long as possible.

2) Maintain unit as long as possible but continue to produce additional
units,

3) Leave unit and go on to produce next unit.

4) Production of unit signals end of task.

3, NUMBER OF ELEMENTS PER OUTPUT UNIT (ELEM)

One way of describing an output unit is in terms of the number of elements
involved in its production. By elements we mean the parts or components which
comprise the output unit, In an addition problem, for example, the numbers to
be added are the elements which comprise the output unit. In a more physical

task, the elements could be parts to be assembled or apparatus to be manipulated,

Count the number of different displays and controls which are manipulated
in producing a single output unit,
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4. WORK LOAD (LOAD)

Work load refers to the number of output units to be produced relative

to the time allowed for their production.

We are interested in the ratio of

the number of output units per unit time, e, g., make 5 widgets in 10 minutes =

1 widget produced every two minutes,

However, there are those tasks in which the goal is to maintain a situa-
tion rather than to produce multiple output units. For example, a driving
task where you are to stay within 40 feet of the vehicle ahead of you. For
these types of tasks, work load refers to the length of time for which main-
tenance is required, The longer the maintenance period, the higher the

work load,

Therefore, rating a task in terms of work load resolves to answering

one of two questions:

1) How much has to be produced in what amount of time; or
2) How long does this situation have to be maintained or continued?

Definitions

High work load - as many

output units as possible are to be
produced in a fixed period of time;
a relatively large number of output
units is to be produced in a rela-
tively short period of time; an
output unit is to be maintained § -
for a relatively long time or for as
long as possible.

Moderate work load - a moderate
number of output units is to be
produced in a reasonable period
of time; an output unit is to be
maintained for a moderate period
of time relative to other possible

eriods.
P 3 —

Low work load - a small number
of output units is to be produced
in a relatively long period of time;

an output unit is to be maintainedl =
for a relatively short period of time,

Examples

® Drive as many nails as possible
in five minutes.

¢ Maintain a stimulus-coutrol
relationship as long as possible,

® Drive ten nails in five minutes,
# Maintain a stimulus-control
relationship for three minutes,

# Drive these two nails in the next
five minutes.

# Sum the following five numbers,

e Maintain a stimulus-control

relationship for 30 seconds,
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* &, PRECISION OF RESPONSES (PREC)

Tasks may differ in terms of how precise or exact the operator's
responses must be. Judge the degree of precision involved in the present
task by considering the most precise response made in producing an output
unit.

Definitions Examples

F g2h degree of precision -~ because

of small targets, fine scales, ] ammem @ Using a chemical balance (scales)

sensitive controls, etc, the subject determine the weight of the following

must make responses which are objects to the nearest microgram.

extremely precise, o Replace the mainspring in this
wrist-watch.

Moderate precision - relative to
the definitions above or below, a 4 ~=3 ¢ Using . our pencil, trace this maze,
moderate degree of precision

must accompany subject's responses,

e Do twenty push-ups.

¢ Sort the oranges and lemons into
two piles,

Low degree of precision-because

of large targets, gross scales, in- |

sensitive controls, etc, the subject

can make responses which are gross
or imprecise.
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R, RESPONSE RATE (RATE)

Responses can be made at different rates. That is, the frequency with

which responses must be made can vary from task to task.

For example,

you would have a higher rate of responding if you were playing a singles game
of tennis than if you were playing chess. The responses would come more
frequently in the first case than in the second. You are to judge what rate

of responding is called for in producing one output unit in the task being judged.

Definitions

High rate of responding - many
responses are required per
unit time, In the extreme case
responses become continuous,

Moderate rate of responding ~ a
moderate number of responses
are required per unit time,

Low rate of responding - ‘ew
responses are emitted per unit
time. Responses are often sin-
gular.

4 o

Examples

# Fire 20 rounds for effect as
quickly as possible,

® Complete this jig-saw puzzle as
fast as you can,

e Track this target.

# Fire 20 rounds. Fire rapidly but
also be as accurate as you can.

® /.dd tiie following numbers. Take

2 -]
| g
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T. TUTORIAL DEPENDENCY OF RESPONSES (TUDE)

Consider again the number of steps (responses) involved in producing
one output unit. The steps may be described in terms of the dependency
among them; dependency concerns the extent to which the steps must be

done in some specified order. For example, dependency exists between

steps A and B if step B cannot be accomplished without step A being done
first. Note Procedures which have only one step are automatically low

in dependency. Tutorial dependency refers to a dependency imposed

as part of the training in an effort to standardize trainee cperations.

Definitions

High depcndency among steps -
each step in the procedure is
completely dependent upon the
preceding procedural step.
Systematic ordering of steps is at
a maximum,

7 o

6 o

Moderate dependency among steps, -
in the total number of steps com-d
prising the procedure, approx-
imately 50% are dependent upon
preceding steps.

-.-1

Low dependency among steps -
procedural! steps are not organized

in any particular scquence, Step 1 |
"A'"may precede "B" or "B'" may

precede "A", Procedures having one
step are low in dependency.,
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Examples

¢ Using the combination you've been
given, open the safe,
e Dial this telephone number.

¢ Using colored blocks, stack them into
columns four blocks high. Do this in
the order red and green for the first
two blocks. The remaining blocks may
be of any color, ‘

©® Using colored blocks, stack them into

columna four blocks high. Order of
color is unimportant.

- Al

PR

S e bty Yy ek e s o

RONEEN

EF WSS EX Y

Sek el e e

LU e



8. NATURAL DEPENDENC

Y OF RESPONSES (NADE)

Consider again the number of steps (respunses) involved in producing

one output unit. The

. teps may be described in terms of the dependency

among them; dependency concerns the extent to which the steps must be

done in some specified order. F

or example, dependency exists between

Steps A and B if step B cannot be accomplished without step A being done
first. Note; Procedures which have only one step are automatically low

in dependency.

Natural dependency refers to dependency that is inherent

in the operation of the equipment.

Definitions Examples
High dependency amonyg steps - . s
each step in the procedure is ] a=em o Using the combination you've been

completely dependent upon the
preceding procedural step.
Systematic ordering of steps is at
a maximum. 6

Moderate dependency among steps, -
in the total number of steps com-d
prising the procedure, approx-
imately 50% are dependent upon
preceding steps.

Low dependency among steps -
procedural steps are not organized

in any particular sequence. Step ]
"A"'may precede '"B" or "B" may

precede "A', Procedures havir j one
step are low in dependency.

given, open the safe.
e Dial this - lephone number,.

-1

@ Using colored blocks, stack them into

- columns four blocks high. Do this in
the order red and green for the first
two blocks. The remaining blocks may
be of any color.

Suony

cnmml
® Using colored blocks, stack them into
columns four blocks high., Order of
o color is nnimportant,
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9, OPERATOR CONTROL OF THE RESPONSE (OCOR)

Given the occurrence of the stimulus, what degree of control does the
operator have over when he must initiate his response,

Definitions Examples
Full] operator control - the @ Playing a game of chess by yourself
operator is the sole deter- [ where you play both sides and there
miner of when the response is no time limit for responding.

will be made,

Partial operator control - the ¢ The traffic light turns red when you
respons2 must be made within ] o are 500 yards from it; you have

a reasonable time after the options as to when you will hit the
scimulus occurs but the opeiator brake,

determines when within the interval
the response will take place,

3

® Typical reaction time task, When the

No operator control - the
light comes an, push this button as

operator must respond as soon 1 —
as the stimulus occurs. fast as you can.
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*10, SIMULTANEITY OF RESPONSES (SIMU)

The responses which the operator makes in producing one output unit
may involve one or more effectors (e.g., hand, foot, arm, voice, etc.).

Depending upon the task, these effectors may or may not be used simuitan-
eously.

in playing a piano.
How many effectors are being used simultaneously during the present
task? )

ZEro two three four

*11, NUMBER OF RESPONSES (NO. R)

Earlier we were concerned about the number of elements, i, e,, ob-
jects or components, involved in the production of one output unit, Now
we want to consider the number of responses needed to produce one out-

put unit., There isn't a necessary one-to-ene relationship between objects
and responses.

Count the number of responses or steps involved in producing one
output unit for the present task. Enter this number on the answer sheet,
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For example, both hards (two effectors) are used simultaneously

PRI

PPN

AL Fa N T s

o Lo b d A:’“rﬁ Py

PN TIPTS5

PRNRTTR SIS | PPL EL R L i

ot £k



#12, NUMBER OF PROCEDURAL STEPS

Earlier we were concerned about the number of elements, i,e., objects
or components, involved in the production of one output unit. Now we want
to consider the number of procedural steps (responses) needed to produce
one output unit. There isn't a necessary one-to-one relationship between ob-

jects and responses,

Consider the number of responses or steps involved in producing one

output unit for the present task. Rate this task on the scale below.

Definitions

Large number of steps - the
procedure consists of a large
number of constituent steps,

Medium number of steps - the

procedure contains a medium 4

number of steps relative to
nther procedures.

Small number of steps - the pro-
cedure consists of few steps, At
a minimum, only onc step may
be necessary.

1

ANy
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Examples

¢ Build a color TV kit following the
enclosed instructions.

* Solve the equation X% - 4X 4 =0
o Type the following business letter,

’

¢ Open this combination lock
(32L-43R-10L).

e Press the button whenever the light
comes on,



13. FEEDBACK (FEED)

For present purposes the term FEEDBACK refers to information
which an operator may get about the correctness of a response, In this
scale we are interested in how quickly feedback occurs once the response

is made,

Definitions

Immediate feedback - 7
Operator knows whether the
response was correct as soon

as it was completed.

Delayed feedback - operator
receives feedback regarding 4
his responses after entire

task is completed,

No feedback provided -
Operator never receives feedbac)l

L o
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Examples

® Finding the correct switch to
turn on a light.

¢ Opening a combination leck having
five numbers,

® Student takes a mid-term exam hut is
not told what grade he got,



14, DEGREE OF MUSCULAR EFFORT INVOLVED (MUSC)

This dimension considers the amount of muscular effort required to
perform the task. Examine the task and identify the most physically
strenuous part of it. Rate this part on the scale below.

Definitions Examples

High amount of muscular effort-
response(s) require a high 7 ¢ Do 40 push ups.,
degree of muscular involvement, e Lift the heaviest weight possible,

Moderate amount of muscular «d @ Tightea nuts on bolts securely wita
effort required for the response(s) a wrench.

Low amount of muscular effort ¢ Solder two wires together

required e Add numbers and report the
sum aloud.
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15, OPERATOR CONTROL OF THE STIMULUS (OCOS)

What degree of control does the operator have over either the occurrence
or velevance of the stimulus?

Definitions Exampiles
Full operator control - the ¢ Shooting skeet; shooter determines
operator is the sole determiner ~=e= when '"bird" appears,

of when the stimulus occurs or
when it becomes relevant,

Partial operator control - the ® Controlling the speed of your car in
operator has some control 4 - approaching a traffic light in order

over when the stimulus either to have a green light when you get to the
occurs or becomes relevant. intersection,

No operator control - the operator ¢ Waiting for the telephone to ring.

has no control over when the

stimulus occurs or when it becomes
‘ relevant,
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16. REGULARITY OF STIMULUS OCCURRENCE (ROSO)

Consider the critical stimulus or stimulus complex to which the
operator must attend. Does it occur at regular (i, e., equal) intervals
or at irregular intervals, Treat regular intervals and constant pre-

sence of the stimulus as equivalent conditions.

Rate the present task on this dimension.

i

}

Definitions \ Examples
:
High regularity - stimulus eCars cd'ming along an assembly line.
occurs at regular iatervals or ] ’ .
is constantly present. e Looking ¢t a photograph of an object.

Medium regularity - stimulus
occurs at irregular (unequal) 4
intervals but there is a pattern

of occurrence.

¢ Receiving morse code,

N

Low regularity - stimulus oc-
curs at very irregular (almost
random) intervals.

® Detecting random signals ona CRT
| di splay.
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17. STIMULUS OR STIMULUS COMPLEX DURATION (SDUR)

Consider the critical stimulus or stimulus-complex to which the
operator must attend in performing the task., Relative to the total task
time, for how long a duration is the stimulus or stimulus-complex present

during the task?

Definitions

Long duration - stimulus would
remain indefinitely,

Medium duration ~ stimulus
remaius present until changed
(spatially, temporally, etc,)
by the response made to it.

Short duration - stimulus ceases
prior to response being made to
it,

1

Examples

& Drawing a picture by observing
a model of the object being drawn,

e @ Red light goes out when operator
pushes a button,

—
iy
® Operator must identify words or
- targets presented tachistoscopically,
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18. VARIABILITY OF STIMULUS LOCATION (VARS)

Judge the degree to which the physical location of the stimulus or
stimulus complex is predictable over task time.

Definitions

High predictability -~ stimulus
location remains basically
unchanged,

Medium predictability -
location changes but in a
known manner or pattern.

Low-predictability ~ location

changes in an almost random
fashion,

i Q—

2
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Examples

o Stimulus is a red light located on a
display panel,

® Visually following an arrow in
flight toward a target.

® Predicting which leaf will fall
from a tree next,

[N,



APPENDIX 6

TASKS USED IN 2.-JUDGE STUDY

The judges in this study rated tasks appearing in a number of

published articles. In each case, their attention was directed

toward the method section, focusing on the apparatus and instruc-
tions.

A list of the references so viewed is provided in lieu of
descriptions of the tasks themselves.
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REFERENCES USED IN SECOND POST-INICTION STUDY

Adams, J. A. Psychomotor performance as a function of intertrial

rest interval. Journal of Experimental Psychology, 1954, 48,
131-133,

Archer, E. J., Kent, G. W., & Mote, F. A. Effect of long-term
practice and time-on-target information feedback on a complex

tracking task, Journal of Experimental Psychology, 1956, 51,
103-112,

Bilodeau, E. A. Some effects of various degrees of supplemental
information given at two levels of practice upon the acquisition
of a complex motor skill. Research Bulletin 52-15, April
1952, Human Resources Research Center, Lackland Air Force
Base, San Antonio, Texas.

Birren, J. E., & Fisher, M. B. Standardization of two tests of
hand-eye coordination: A two-hand complex tapping test and
a rotary pursuit test. Research Project X-293, Report No. 6,
1945, NMRI, Bethesda, Maryland,

Briggs, G. E., Fitts, P. M., & Bahrick, H. P. Learning and
performance in a complex tracking task as a function of visual
noise. Research Report AFPTRC-TN-56-67, June 1956, Air
Force Personnel and Training Research Center, Lackland
Air ¥orce Base, Texas,

Brown, C. W., Ghiselli, E. E., Jarrett, R. F., Minium, E. W., &
U'Ren, R, M. Comparison of aircraft controls for prone and
seated position in three-dimensional pursuit task, AF Techni-
cal Report No. 5956, October 1949, U. S. Air Force Air

Materiel Command, Wright-Patterson Air Force Base, Dayton,
Ohio.

Cook, B. S., & Hilgard, E. R. Distributed praciice in motor
learning: Progressively increasing and decreasing rests,
Journal of Experimental Psychology, 19°9, 39, 169-172.

Dore, L. R., & Hilgard, E. R. Spaced practice and maturation
hypothesis. Jjournal of Psychology, 1937, 4, 245-259.

Fleishman, E. A. Unpublished data on two-hand coordinator.

Fleishman, E. A., & Rich, S. Role of kinesthetic and special-visual
abilities 1n perceptual-motor learning. Journal of Experimental

Psychology, 1963, 6&, 6-11.
Preceding page blank
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Gagne, R. M., & Bilodeau, E. A, The eifects of target size variation
on skill acquisition. Research Bulletin AFPTRC-TR-54-5,
April 1954, Air Force Personnel and Training Research Center,
Lackland Air Force Base, San Antonio, Texas,

Goldstein, M., & Rittenhouse, C, H. The effects of practice with
triggering omitted on performa..ce of the total pedestal sight
gunnery task, Technical Report 53-9, May 1953, Human Re-

sources Research Center, Lackland Air Force Base, San
Antonio, Texas.

Howland, D., & Merriil, E. N, The effect of physical constants of

a control on tracking performance. Journal cf Experimental
Psychology, 1953, 46, 353-360.

Lewis, D., & Shephard, A, H. Devices for studying associative
interference in psychomotor performance. IV. The turret pur-
suit apparatus. Journal of Psychology, 1950, 29, '73-182.

Lincoln, R, S. Learning and retaining a rate of movement with the
aid of kinesthetic and verbal cues. Journal of Experimental
Psychology, 1956, 51, 199-204,

Noble, C. E. An attempt to manipulate incentive motivation in a
continuous tracking task, Research Bulletin AFPTRC-TR-~54-
43, October 1954, Air Force Personnel and Training Research
Center, Lackland Air Force Base, San Antonio, Texas,

Reynolds, B., & Adams, J. A, Effect of distribution and shift in
distribution of practice within a single training session.
Journal of Experimental Psychology, 1953, 46, 137-145,

Reynolds, B., & Bilodeau, I. M. Acquisition and retent.>n of three
psychomotor tests as a function of distribution of practice
during acquisition, USAF Human Resources Research and
Development, Lackland Air Force Base, San Antonio, Texas.

Spieth, W, An investigation of individual susceptibility to inter-
ference in the performance of three psychomotor tasks. ke-
search Bulletin 53-8, April 1953, Human Resources Research
Center, Lackland Air Force Base, San Antonio, Texas, ™

*This study yieldea two groups and, hence, two sets of learuing data
for the post-diction study.

118




