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n ABSTRACT

'~ The development and evaluation of systems for describing and classifying tasks which
can improve generalization of research results about human performance is essential for
organizing, communicating, and implementing these research findings. The present
research was undertaken to develop one such system which is based on an information
processing model.

A theorstical model for task classification, generated as one of several approaches
to development of a taxonomy of human performnnce, is presented, The model defines a
task as an inforaation transfer between a source and a receiver. It is postulated that
classes of tasks are characterized by classes of constraints (restrictions on random
sampiing) and that these constraints can be conveniently and rationally dichotomized
into those acting upon the source (input) and receiver (output) of the information.
‘Within each class of tasks so defined, tasks are further characterized in terms of the
effect of amount of redundancy upon information transmission and in terms of the rela-
tionship between input and output.uncertainty.

A method for empirical evaluation of the model is described in terms of a two-fold
iterative procedure;\computer simulations, of sampling constraints to determine the re-
lationships between redundancy and *rnnqmiﬁ;ed information under a variety of constraint
combinations; a series of empirical investigations using tasks which allow the experimen

This information processing model for task classification has the potential of pre-
dicting performance on tasks which have not yet been researched and for hardware that is
not yet built, and of facilitating integration and generalizaticn of human performance

ter to manipulate input constraints and require the subject to provide output constraints.
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PREFACE

The AIR Taxonomy Project was initiated as a basic vesearch effort
in September 1967, under a contract with the Advanced Research 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 about factors
affecting human performance in such tasks represents one of the few
attempts to find ways to bridge the gap between research on human per-
formence 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 resulted 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
Research Laboratory (BESRL), under a new contract. This report, com-
pleted under the new contract, is among several describing the previous
developmental work. It is also being distributed separately as a BESRL
Research Study.

o (7 Bttt

FDWIN A FLEISHMAN
Senior Vice President and

Director, Washington Office
American Institutes for Research




FOREWORD

The American Institutes for Research is engaged in a research
program to develop and evaluate new systems for describing and classify-
ing tasks which can improve generalizatior of research results about
human performance 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 ohbiective 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.

The present publication reports on an effort to develop a
theoreticai model, based upon information processing concepts, which
would serve to classify tasks so as to permit the prediction of per-
formance on new tasks based upon data from similar tasks. The particular
language system discussed is most useful in its application to equipment
design problems which must consider performance in man-machine inter-

actions.

/////i .
, //é,,,/(?

// J. E. UHLANER, Director
' U.S. Army Behavior and Systems

Research Laboratory




DEVELOPMENT OF A TAXONOMY OF HUMAN PERFORMANCE:
AN INFORMATION-THEORETIC APPROACH

BRIEF

Requirement:

The developmant and evaluation of systems for describing and
classifying tasks which can improve generalization of research results
about human performance is essential for organizing, communicating, and
implementing these research findings. The present research was under-
taken to develop one such system which is based upon an information

processing model.

Procedure:

A theoretical model for task classification, based upon information
processing concepts, has been generated as one of several approaches
toward the development of a taxonomy of human performance. The model
defines a task as an information transfer between a source and a re-
ceiver. It is postulated that classes of tasks are characterized by
classes of constraints (restrictions upon random sampling) and that these
constraints can be conveniently and rationally dichotomized into those
acting upon the source (input)} and receiver (output) of the information.

Within each class of tasks so defined, tasks are further characterized
in terms of the effect of amount of redundancy upon information trans-
mission and in terms of the relationship between input and output un-
certainty. It is proposed that all tasks falling within a coustraint
class will be more like one another than tasks in different classes. It
is anticipated that all tasks falling within & constraint class will
exhibit similar functional relationships between redundancy and infor-
mation transmission and that these functional relationships will differ

across constraint classes.

A method for empirically evaluating the model is described in terms
of a twofold iterative procedure. On the one hand, the relationships
between redundancy and transmitted information under a variety of con-
straint combinations would be derived from computer simulations of




sampling constraints. On the other hand, a series of empirical
investigations would be accomplished using tasks which allow the ex-
perimenter to manipulate input constraints and require the subject to
provide output constraints.
Findings:

The rescarch effort has not yet reached the evaluative phase. This
report describes only the model development efforts and the procedure

for testing its viability.

Utilization of Findings:

The present model for task classification has the potential of
predicting performance on tasks which have not yet been researched and
for hardware which is not yet built. An analysis of the potential
constraints on the task can be made and related to tasks of similar
constraint composition, for which performance data is available, in
order to predict performance on the new task. Furtiermore, integration
and generalization of human performance research findings can be facili-

tated by this classification scheme,
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DEVRLOPMENT OF A TANONOMY OF HUMAN  PLREORMANCY
AN INFORMATUON: THRORET TG APPROACH

B et L TR i LU S L SR TE 12 )

INVROIMICTTON

The Amevican Inatitutesr for dervareh Lo vombine ting veasarch afmed at
the development of a variety of proviatonsl taxonomic schemes which con:
tabn undfying dimensionn allowing one to velate the human performance
obaserved {n one situation to new situations, Thewe approaches conaider
A taxonomy of human pevformance which can aerve an 8 huais for dmicribing
huma: taaka. The value of such a tanonomy llies in problem aress which
include wyatom design, job definivion, selection and training, and
standardiring performance measusement und asthods of atudy.

Several approaches to the dovelopment of a taxonomy, each geared to
differoent problem areas and different applied and basic research users,
were conceptualized under the present project and research was conducted
to ussoss the validity and reliability of thease schemes. (For summavioes,
¢ Fleislman, Kinkade, & Chambera, 1948; Rloiahman, Teichner, §
Stephenson, 1970; Fleishman & Stephenson, 1870.) One of these approachea,
the "ability-requirenonts approach," described a tatk in terms of the
human abilities required to perform it, such that the ontire task could
bo deacribed in terms of a profile of basic abilities which accounted for
performance on the task, Performance would he oxpected to be highly
gimilar for taaks which call for similar patterns of abilities. If tasks
wore evaluated in terms of required ahilitivs, then performance on new
tasks could be predicted from tasks with similar ability requirements
and classified according to ability profiles (Theologus, Romashko, §
Fleishman, 1970; Theologus & Fleishman, 1971).

A second approach to the taxonomy problem, known as the '"task-
characteristics approach,' attempted to predict performance on tasks on
the basis of a set of task characteristics and to classify tasks on the
basis of similarities in their profile of characteristics (Farina &
Wheaton, 1971). This technique permits the prediction of performance

el




wit new tanha on the baain of the chavactoristien of that taak without
specifie rofervnee to the human abiiitiow requived for tank por-
formane,

several other approaches to tank clasnification have been developed
under the present project. Miller (1009) conalders task strategiea uned
by Information processera during task performance. By observing and
ovaluating atratogies and translating them into (nformation processing
terma, common principles acrowa taska can be derived for the purpose of
tank classification, Toschner and Olson (1909) use & criterion measure
clunsification scheme in order to define basic performance categories
(1.0., tracking, awitching, searching, coding) for the purpose of
classifying taska, A demonatration of the feasibility of this approach
appeara in Veichner and Whitehead (1871).

The present paper discusses the initial devolopment of a quite
different approach to the deveolopment of a task taxonomy. This approach,
called an "information-theoretic approach,' is based upon an underlying
theoretical model which provides for a systems language common to all ‘
tusks. The purposo of this report is to describe the rationale behind b
the developmont of this approach, to discuss the underiying model, and
to presont u systomatic empirical plan for ovaluating its feasibility,




BACKGROUND AND RATIONALE

A common approach to tash classification provides functional
doscriptors, e.g., traching tusks, computational tasks, gating tasks.
There {s a cortain urility in this approach providing the task categories
are reasonably mutually exclusive, and providing that one does not take
thom too soriously. The important issue concerns the relationships and
parameters on which performanco deponds. There is, after all, no point
to clawsifying tasks at all except to be able to denote the relationships
involved when a new tagk is classified.

Teichner and Olson (1969) defined all tasks as information transfers
and then attampted to identlfy functional task categories as classes of
information transfer. This is un approach that starts with the empirical
side of things and builds up to abstract concepts. It goes from the
spocific to the general., After describing the rationale Teichner and
Olson (1969) used we will proceed to outline a more theoretical approach,
i.e., one that proceeds from the abstract to the empirical. Both are
based upon the same fundamental definition of a task as an information
transfer.

Taxonomy As a Model

Figure | considers both the man and the machine as componeuts of a
system. In terms of this conventional diagram, we can think of informa-
tion or data as being transmitted betwven components and as being
operated upon or processed within components. Any operation on informa-
tion within a component is a process. A task may be defined as a trans-
for of information between components. However, what is to be called a
process and what is to be culled a task depends upon the level of system
analysis being employed. When Figure i-A is analyzed into its sub-
systems, as in Figure 1-B, what was a process at the more general de-
scriptive level becomes a task. That is, there are now new transfers of
information between components which did not exist in Figure 1l-A.
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Clearly, a process {s carried out as a subtask. As the level of analysis !
becomes more detailed, successive processes break down into tasks.

It is convenient, but not a requisite, to deal with the transfer of W
information between each two successive components separately, i.e., in
terms of the four major°tasks, machine-man, man-man, man-machine,
machine~machine. Although the psychologist is not concerned with machine-
machine tasks, it is important to note that such tasks exist. That is,
the concopt of a task is not one which necessarily involves people. This
is extremely important, and usually ignored. It just will not do to have
more than one definition of a concept. Regardless of how we define task,
we must be willing to use the concept wherever it fits and to say that
the same relationships and parameters sre involved in every single in-
stance which falls within a task category. Furthermore, one must be
willing to talk about tasks at any level of analysis. For the definition
just presented, this means that what are usually vaguely referred to as
"underlying processes' must be describable in exactly the same terms as
tasks at less detailed levels, Thus, there are tasks between components
within the central nervous system as well as between machine components,
and between men and machines.

Starting with this as a rationsle, Teichner and Olson (1969) defined
four classes of task: searching, switching, coding, and tracking. They
attempted to provide operational definitions for each and then to con-
sider the parameters and relationships which would justify them as unique.
This approach is one which takes maximum advantage of what are already
determined empirical relationships. It has the disadvantage that the
task classifications can never be any more reliable than the state of
knowledge about these relationships.

The same problem car. be approached with a model or a set of abstract
concepts for which the relationships within a class are defined. Such
an approach is completely reliable, but of course the model may not fit,
in which case it has no validity. The model we have chosen is an
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information transfer model and the approach is complementary to that of
Teichner and Olson (1969).

We start with the understanding that a taxonomy is a model. It
contains definitions and relationships, i.e., a logie. A classification
system, ideally, is what is evolved or derlved from the taxonomy when
the model is applied to an empirical area of interest. If the model fits
for situations invelving pecple, then it is useful for that purpose and
people can be said to be involved in tasks as defined. The model may fit
situations which do not involve people, however, and these too would be
called task situations in which psople make responses. But we do not
restrict our definitions to just those situations.

Information Theory Relevant for the Taxonomic Model

Since the model is based upon the concepts and metrics of information
theory, a brief overview of the basic ideas of this theory is presented
below.

Information theory is a mathematical model wherein the concept of
information is formalized and quantified. Any communicative act provides
information insofar as it reduces a condition of ignorance or uncertainty
about the state of things under consideration. The amount of information
conveyed is determined by the amount of input uncertainty which existed
prior to the communicative act. The amount of information is the amount

by which the uncertainty has been reduced.

The uncertainty about the outcome of any act is quantitatively
related to the number of possible outcomes that exist and the probability
associated with the occurrence of cach of these outcomes as shown below:

H=- 2p11°32pi
where H = average uncertainty
and p; = probability of the occurrence of the ith event.

Maximum uncertainty exists whenever all possible outcomes of the
event are equiprobable. Redundancy is a measure of the difference
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between actual and maximum uncertainties expressed as a percentage of
present to possible uncertainty (R = 1 - H/H max).

If events were presented to individuals who, in turn, were required
to respond differently to the unique events, the concept of information
transmission (Ht) could be employed as a measure of the discriminating
ability of the human subject. Transmitted information is that portion
of the uncertainty in the stimulus which is reduced (reflected in the
response).

With these concepts defined, let us now turn to the mocdel.

jj —



THE INFORMATION MODEL

We define a task as a transfer of information between an information
source and a receiver in any system that can be construed as a communi-
cation channel (Shannon § Weaver, 1949). The source information, H(X),
is a function of the number of alternative events contained in the
source and their probubilities. The receiver information, H(Y), is
defined in terms of the number of events the receiver can exhibit and
their probabilities. The amount of information transmitted, H(XY), is
a function of the joint probabilities of selecting source events and
observing receiver events.

Classification in Terms of Constraints

We have postulated that all tasks can be characterized as imposing
constraints which are simply restrictions placed upon the random sampling
of stimulus and response events at the source and on the part of the
receiver (Garner, 1962). These constraints can be thought of as the
structure which defines the task as being in some way a unique situation.
The rrecise specification of the stimulus configuration, the response
ensemble, and the operator requirements necessary to optimize behavior
determine the task's constraints. Such categories of constraint will
serve as our first major dimension of classification tasks. That is to
say, classes of tasks will be established on the basis of classes of

constraints.

There are two generul types of constraints. Constraints may be
restrictions on how events from a population are sampled or restrictions
on which particular events are sampled. In additicn to these general
types, there is a further breakdown of classes of constraints. Con-
straints operate upon the source (input) and receiver (output). Thus,

a second major dimension of task classification is whether a constraint
at the input or output is operating in the task. Examples of such
constraints include rate of input, size of input, range o. input-stimuli,
etc. Similar constraints may operate on the output.




A constraint, then, is some kind of limitaticn imposed upon the
input and/or output of a system. Input constraints relate to restric-
tions on the random generation of stimuli and the size of the stimulus
ensemble. In order to constrain the input, the stimuli of the task must
be eithur a smaller sample of some total stimulus population as per-
ceived by the receiver or an entire stimulus population, but one whose
individual stimuli occur with unequal probabilities. Output constraints,
with the exception of the specification of the response 2nsemble, are
imposed by the receiver of the stimulus set. These constraints are im-
posed in an attempt to structure performance in accordance , .™ the
requirements of the task. Such constraints are sampling restrictions
impiemented by the receiver either purposely to satisfy task require-
ments or necessarily as a result of the receiver's limitations in the
receipt or processing of stimuli from the source.

Classification in Terms of Redundancy

A third dimension of task classification is redundancy. Constraints,

whether they are imposed upon input or output, introduce redundancy into
the information contained in the stimulus and/or response sets. This
redundancy is created whenever any selection process (sampling from a
population) retains maximum uncertainty while reducing actual uncertain-
ty. Redundancy can vary in form and amount. The particular form of
redundancy is determined by the specific sampling rule through which the
constraint operates. The precise amount of redundancy is simply a
function of the number of alternatives in the stimulus or response sets
relative to the number in the population, and their probabilities of
occurrence. Redundancy, then, is introduced into input information
when the stimuli generated occur with unegual probabilities, or are a
smaller set of stimuli than could have been generated from the popula-
tion. Redundancy is generated in output information in a like manner.

Given any constraint on input and/or output, we postulate that
tasks can be classified in terms of the effects of increasing amounts of
redundancy upon information transmission between the source and receiver.
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Further, we are hypothesizing that different constraint classes will
generate forms of redundancies which will differentially influence infor-
mation transmission. We would expect that certain constraints intrcduce
a form of redundancy such that increasing amounts enhance performance,
while increasing other forms of redundancy results in degradation of H

performance.

Input-Output Relationships for Task Classification

So far we have been considering only the initial input and the final
output of a communication system. In the human situation this is, of
course, a traditional S-R relationship. We are now calling it a task.
The S-R relationship depends upon underlying processes. When we say
this, however, all we are saying is that there are a series of inter-
vening tasks. We call them "processes only'" when the level of analysis
is so gross as to leave them unspecified, as is the case with S-R rela-
tionships. Analysis at the S-R level, however, offers some interesting
possibilities for raising questions about underlying processes in a

rational way.

The fourth and final task classification dimension is the relation hy
between quantities of input and output information. In addition to the ‘
relationship between amount of redundancy and information transmission
within a constraint class, we will be interested in comparing the amount
of input information to the amount of output information after task per-
formance is completed. It is possible that output information may be
less than, equal to, or greater than input information and the relation-
ship between redundancy and information transmitted may differ as a
function of this additional parameter. Furthermore, the tasks them-
selves may be categorized into those requiring information conservation
(Hout = Hip), information reduction (Hout < Hip), or information cre-
ation (H,y¢ > Hip), as demonstrated by Posner (1964). Categories within
the classification include the following task characteristics:

10




1. There can be less information in the output than in the input;

that is, the amount of information transmitted is less than the maximum
possible. This implies constraints present in the receiver not present
at the source. For illustration, suppose that it could be determined
that a range type of constraint were present and that it could not be
accounted for by known range type constraints such as in the eye, the
empirical attention span, etc. Under these conditions, it might be in-
viting to postulate the presence of an underlying mechanism witl, proper-
ties that impose a range type of constraint. We might call this
mechanism attention and then we might either develop a model of it which
provided the needed constraint or we might try to apply available
models--for example, a particular kind of band-pass filter.

2, In an S-R analysis there can be more information at the receiver

than at the source. This can happen only if the communication system has
more sources than are accounted for. If there is only one external
source, other sources must be internal to the receiver. An example of
how this could happen might be the following: The input from & second
source might be contingent upon the occurrence of events from the first
source and the receiver reports both. In this case, if the second source
were internal, it might be called memory. Another example might be as
follows: Successive inputs from a single source might be operated upon
internally to produce a third event and the receiver reports them all,

In a human performance situation, the source might present the numerical
events 2 and 3, and the receiver might report "2 and 3 are 5.'" A process
that could be postulated to provide this third event might be called

computation.

3. Finally, the output information might equal the input
information. In this case, there may be no need to assume any receiver

constraints to be cperating.

11
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Summary ot the Model

To wunmarize, wo are taking an information procesaing approach to
tash clannification. Wo have a theorotical model which defines a task
av an Information tranafor, wo postulate that classes of tasks are
vharacteriaed by clasaes of constraints (restrictions on aampling) and
that these conatraintas can be conveniently and ratlonally dichntomized
Into conatraints upon the nource (input) amd roeceiver (output) of the
informatfon, Within oach clais of tasks so defined we propose to charac-
torizo tasks further in terma of the offect of amount of roedundancy upon
information tranator and in terma of tho relationship between input and
output uncertainty, It {a proposed that all tasks falling within a
constraint class will bo more like cne another than tasks in different
classes. It ix anticiputed that all tasks falling within a constraint
cless will oxhibit similar functional ﬂelat&onships between redundancy
and information transfer and that thess functional relationships will
ditfor acrogs constraint classes. Figures 2, 3, and 4 summ:rize the
madol and its dimensions of classiticution.

If we can ostablish a valid systemn of classification based on such
an information model, then any now task can be classified on the basis
of the constraints imposed on input and output, the amount of redundancy
in the stimulus configuration and response ensemble, and the relation-
ship Letweon input and output uncertainty.

Wo have presented only the barest outline of a task taxonomy model,
and that only in terms of some definitions. The model must also have a
logic. This is given by a stutement of the dependency of information
transfer on the constraint classes at different levels of redundancy.
The model needs to be developed in detail and then tested against human
performanco situations. We shall try to indicate briefly how the model

can be developed and evaluated.

12
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between actual and maximum uncertainties expressed as a percentage of
present to possible uncertainty (R = 1 - }' max).

If events were presented to individuals who, in turn, wore required
to respond differently to the unique events, the concespt of information
transmission (Ht) cou: be employed as a measure of the discriminating
ability of the human subject. Transmitted information is that portion

of the uncertainty in the stimulus which is reduced (reflected in the
response).

With these corncepts defined, let us now turn to the model,




THE INFORMATION MODEL

We define a task as a transfer of information between an information
source and & receiver in any system that can be construed as a communi-
cation channel (Shannon & Weaver, 1949). The source information, H(X),
is a function of the number of alternative events contained in the
source and their probabilities. The receiver information, H(Y), is
defined in terms of the number of events the receiver can exhibit and
their probabilities. The amount of information transmitted, H(XY), is
a function of the joint probabilities of selecting source events and
observing receiver events.

Classification in Terms of Constraints

We have postuiated that all tasks can be characterized as imposing
constraints which are simply restrictions placed upon the random sampling
of stimulus and response events at the source and on the part of the
receiver (Garner, 1962). These constraints can be thought of as the
structure which defines the task as being in some way 2 unique situation.
The precise specification of the stimulus configuration, the response
ensemble, and the operator requirements necessary to optimize behavior
determine the task's constraints. Such categories of constraint will
serve as our first major dimension of classification tasks. That is to
say, classes of tasks will be established on the basis of classes of
constraints.

There are two general types of constraints. Constraints may be
restrictions on how events from a population are sampled or restrictions
on which particular events are sampled. In addition to these general
types, there is a further breakdown of classes of constraints. Con-
straints operate upon the source (input) and receiver (output). Thus,

a second major dimension of task classification is whether a constraint
at the input or output is operating in the task. Examples of such
constraints include rate of input, sizo of input, range of input-stimuli,
etc, Similar constraints may operate on the output.
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A constraint, then, is some kind of limitation imposed upon the
input and/or output of a system. Input constraints relate to restric-
tions on the random generation of stimuli and the size of the stimulus
ensemble. In order to constraln the input, the stimuli of the task must
be either a smaller sample of some total stimulus population as per-
ceived by the receiver or an entire stimulus population, but one whose
individual stimuli occur with unequal probabilities. Output constraints,
with the exception of the specification of the response ensemble, are
imposed by the receiver of the stimulus set. These constraints are im-
posed in an attempt to structure performance in accordance with the
requirements of the task. Such constraints are sampling restrictions
implemented by the receiver either purposely to satisfy task require-
ments or necessarily as a result of the receiver's iimitations in the
receipt or processing of stimuli from the source.

Classification in Terms of Redundancy

A third dimension of task classification is redundancy. Constraints,
whether they are imposed upon input or output, introduce redundancy into
the information contained in the stimulus and/or response sets. This
redundancy is created whenever any selection process (sampling from a
population) retains maximum uncertainty while reducing actual uncertain-
ty. Redundancy can vary in form and amount. The particular form of
redundancy is determined by the specific sampling rule through which the
constraint operates. The precise amount of redundancy is simply a
function of the number of alternatives in the stimulus or response sets
relative to the number in the population, and their probabilities of
occurrence. Redundancy, then, is introduced into input information
when the stimuli generated occur with unequal probabilities, or are a
smaller set of stimuli than could have been generated from the popula-
tion. Redundancy is generated in output information in a2 like manner.

Given any constraint on input and/or output, we postulate that
tasks cun be classified in terms of the effects of increasing amounts of
redundancy upon information transmission between the source and receiver.
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Further, we are hypothesizing that different constraint classes will
generate forms of redundancies which will differentially influence infor-
mation transmission. We would expect that certain constraints introduce
@ form of redundancy such that increasing amounts enhance performance,
while increasing other forms of redundancy results in degradation of
performance.

Input-Output Relationships for Task Classification

So far we have been considering only the initial input and the final
output of a communication system. in the human situation this is, of
course, a traditional S-R relationship. We are now calling it a task.
The S-R relationship depends upon underlying processes. When we say
this, however, all we are saying is that there are a series of inter-
vening tasks. We call them "processes only'" when the level of analysis
is so gross as to leave them unspecified, as is the case with S-R rela-
tionships. Analysis at the S-R level, however, offers some interesting
possibilities for raising questions about underlying processes in a

rational way.

The fourth and final task classification dimension is the relation
between quantities of input and output information. In addition to the
relationship between amount of redundancy and information transmission
within a constraint class, we will be interested in comparing the amount
of input information to the amount of output information after task per-
formance is completed. It is possible that output information may be
less than, equal to, or greater than input information and the relation-
ship between redundancy and information transmitted may differ as a
function of this additional parameter. Furthermore, the tasks them-
selves may be categorized into those requiring information conservation
(Hout = Hip), information reduction (M,,¢ < Hj,), or information cre-
ation (Hyye ® Hip), as demonstrated by Posnmer (1964). Categories within
the classification include the following task characteristics:

10




1. There can be less information in the output than in the input;

that is, the amount of information transmitted is less than the maximum
possible. This implies constraints present in the receiver not present
at the source. For illustration, suppose that it could be determined
that a range type of constraint were present and that it could nct be
accounted for by known range type constraints such as in the eye, the
empirical attention span, etc. Under these conditions, it might be in-
viting to postulate the presence of an underlying mechanism with proper-
ties that impose a range type of constraint. We might call this
mechanism attention and then we might either develop a model of it which
provided the needed constraint or we might try to apply available
models--for example, a particular kind of band-pass filter.

2. In an S-R analysis there can be more information at the receiver
than at the source. This can happen only if the communication system has
more sources than are accounted for. If there is only one external
source, other sources must be internal to the receiver. An example of
how this could happen might be the following: The input from a second
source might be contingent upon the occurrence of events from the first
source and the receiver reports both. In this case, if the second source
were internal, it might be called memory. Another example might be as
follows: Successive inputs from a single source might be uperated upon
internally to produce a third event and the receiver reports them all.

In a human performance situation, the source might present the numerical
events 2 and 3, and the receiver might report "2 and 3 are 5.'" A process
that could be postulated to provide this third event might be called

computation.

3. Finally, the output information might equal the input
information. In this case, there may be no need to assume any receiver
constraints to be operating.

11




Summary of the Model

To summarize, we are taking an information processing approach to
task classification. We have a theoretical model which defines a task
as an information transfer, we postulate that classes of tasks are
characterized by classes of constraints (restrictions on sampling) and
that these constraints can be conveniently and rationally dichotomized
into constraints upon the source (input) and receiver (output) of the
information. Within each class of tasks so defined we propuse to charac-
terize tasks further in terms of the effect of amount of redundancy upon
information *ransfer and in terms of the relationship between input and
output uncertainty. It is proposed that all tasks falling within a
constraint class will be more like one another than tasks in different
classes. It is anticipated that all tasks falling within a constraint
class will exhibit similar functional relationships between redundancy
and information transfer and that these functional relationships will
differ across constraint classes. Figures 2, 3, and 4 summarize the

model and its dimensions of classification.

If we can establish a valid system of classification based on such
an information model, then any new task can be classified on the basis
of the constraints imposed on input and output, the amount of redundancy
in the stimulus configuration and response ensemble, and the relation-
ship between input and output uncertainty.

We have presented only the barest outline of a task taxonomy model,
and that only in terms of some derinitions. The model must also have a
logic. This is given by a statement of the dependency of information
transfer on the constraint classes at different levels of redundancy.
The model needs to be developed in detail and then tested against human
performance situations. We shall try to indicate briefly how the model

can be developed and evaluated.

12
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METHODS FUR EVALUATING THE MODEL

In onder to evaluate the foaslbility and validity of the model
proposed, a twofold iteratlve approach ls envisioned. On the one hand,
a strictly theoretical activity must bhe carcied forth by computer simu-
: lation of sampling constraints and the determinatlon of the relationship
N hetwound amount of rodundancy snd transmitted information (”t) under a
~ variety of constraint combinations. On the other hand, a series of
‘{ omptricul Investigations must be accomplished using tasks which allow
the eaperimenter to wanipulate input constraints and require the subject
to provide output censtraints. The Influence of redundancy upen infor-
matien transmlssion must be determined empirically and compared to the
rasults of the computer simulsticn, If agreement is found, there wouad
ba ovidence for the viability of the systewm.

v The Specificution of Constraints

Constraints may be stated as sampling rules. Examples of classes
of such rules may be found in sequential sampling restrictions, e.g.,
purposive sampling, stratified sampling, and sampling without replace-
ment. Examples of possible classes of constraints are:
1. Combination constraint--sample vnly n at a time.
2. Rate constraint--sample no faster than a given rate.
;‘ 3. Range constraint--sample only within a specified range of
| 9nlues.
s 4, Similarity-dissimilarity constraint--sample only combinations
% having no common elements.
5. Probability constraint--sample only events having probabilities
greater than a specified probability.
6. Soquence constraint. -sampie only sequences having some
specifiod sequential restriction, e.g., no unique event can

occur twice in succession.

sl aa: TR




A theoretical requirement is the specification of all of the
possible sanpling constraints. An experimental requirement is that of
determining which of these possible constraints are represented in the

human receiver.

Most human performance situations arc likely to be those in which
the man provides output constraints. Sources of human external con-
strnints are indicated by the spectral sensitivity of the eye and ear,
size of the visual field, empirical attention span, memory span, co-
ordinative abiliiy, etc. All of these act to limit the reception of
transmitted events. Application of the model requires finding out what
classes of constraint man can represent. The next step is to identify
the sources of the human-imposed constraints. Doing this requires
research which is directed toward evaluating how well people can repre-
sent the constraints in the presence of sources which themselves are

varied in kind of constraint imposed.

Both the theoretical and experimental approach to evaluating the
model must be quite restricted. The following limitations must be im-
posed upon any initial research effort.

1. While it is necessary for all possible classes of constraints

to be specified for the proposed system to be operational, only
a few input and output constraints should be dealt with initial-
ly.

2. It is possible for a task to involve multiple input and output
constraints in a variety of combinations. For the purpose of
initial evaluation, we must restrict our concern to the simul-
taneous operation of a single input and single output constraint
or no constraint at all and combinations of these alternatives.

3. We plan to deal only with discrete tasks even though the model
proposed is applicable to any kind of task.

4. Initially, we will consider only constraints that are easily
quantifiable in task situations wherein the input and output

are easily quaatified,

17
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The above limitations are imposed in order to evaluate the model
under relatively simple circumstances and those most easily, applicable,
If the model proves viable under these circumstances, we will be en-
couraged to pursue it further. If, on the other hand, the model proves
to be invalid, it can be modified or discarded on the basis of a minimal

research effort.

We are interested in determining which classes of constraint exist

in human performance situations. This may be determined by evaluating

the performance of individuals supposedly operating with a specified
constraint against the theoretical outcome of the constraint upon random
sampling. Once we have demonstrated that a constraint operates, it re-

mains to consider the effect upon performance and information trans-

mission as redundancy is varied. Our basic postulate is that the effect

of any constraint upon performance is a function of the redundancy

introduced by that constraint.

The manipulation of redundancy is accomplished by maintaining
actual stimulus uncertainty constant and varying maximum stimulus un-
certainty. In this manner, the influence of redundancy is not con-
founded by the possible effects of actual stimulus uncertainty.
Redundancy is more of a problem when one considers output constraints.
Redundancy cannot be manipulated since it is determinable only "post"
performance. It will be necessary to compute H, under several condi-
tions of maximum response uncertainty, and then determine the amount of

redundancy in the output information as well as the amount of trans-

mitted information.

Approach to Evaluating the Model

Our approach consists of a determination of the theoretical
influence of constraint classes upon Hy and simultaneous empirical in-
vestigation designed to evaluste whether or not these constraint classes
operate in human performance and to assess the influence they exert on

the performance. The theoretical activity to be accomplished by com-

puter simulation is comprised of the following steps.

18




g.
10.
11.

Postulate a task having a 1:1 input-output relationship.
Impose a constraint (sampling rle) upon the stimulus
population or response population or both, with the initial
population consisting of equiprobable alternatives.

Sample combinations of stimulus and response alternatives
according to the constraint rules.

Generate an output of frequencies of occurrence of computer-
drawn samples.

Compute H.

Repeat to get an average H, and azﬂt.

Compute H(x), H(y), l-H(x)/Hmax.

Using the same constraint, repeat steps 2 thru 7 manipulating
amount of input redundancy (through changes in maximum un-
certainty).

Plot !, as a function of redundancy for the constraint class.
Repeat steps 2 thru 9 for 1:n and n:l relationships.

Repeat steps 1 thru 10 for additional constraints.

Our early laboratory effort was designed to identify and implement
a task which was discrete and allowed for the modification of selected
input and output such that all specified constraints could be manipu-

lated.

Given such an environment, a series of experiments were planned

aimed at answering three general questions:

1.

2.

3.

What kinds of human constraints operate and what is their
effect on performance?

What kinds of experimenter-impoused constraints influence
performance and in what manner?

Do the laboratory results agree with the theoretical results?

If the results do not agree, we will ask what constraints the subject
could be imposing on the task in order to generate the results obtained.
We will attempt to introduce such postulated constraints in a new com-

puter simulation to determine if the theoretical outcome can be matched

19
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to the performance data. Several such iterations will permit the
identification of subject-imposed conatrainta which then would require
valldation,

Bvaluations have boen planned, to bv conductod on an iterative
basis, in an attempt to match experimental and computer results and thus
identify the nature of the subjoect-imposed comstraints, their offects
upon performance, und the functional relationships toetween input re-
dundancy and information trvansmission for the different constraint
classes.

Experimental Tusks Developed

A Segquential Information Procossing Frogrammer (SIPP, Figure §) was
developed as the vehicle for the experimental studies considered neces-
sary to evaluate the model. This device permits tho automatic time-
controlled presontation of discrete visual stimuli, The stimulus
oensemble consixts of an 8 x 8 matrix of lights which may be presented
with or without a grid and may be veduced in size to any n x m configu-
ration, The response console is an 8 x 8 matrix of buttons, compatible
with the stimulus ensemble. The input-output devices are tied into
logic circuitry and recorders such that stimulus sequences may be pre-
pared in advance on punched paper tapes, and responses along with their
latencies may be recorded onto punched tape as they occur. 7The rela-
tionship of lights to buttons may be conveniently manipulated into any
desired unique or overlapping correspondence. The apparatus has the
flexibility to permit the imposition and manipulation of a wide varicty
of constraints. The nature of any particular task will be determined
by the S-R relationship established.

Three experiments have been conceptual’..’ , each to be conducted
iteratively with a corresponding computer s..+ .ation. These studies
will consider signal detection, pattern identification, and pattern
classification tasks. While the details of theso studies have not yet
been formulated, all three will deal with two specific constraints on

20
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the .nput 08 well i subject-imposed constraints. Stimulus redurdancy

will be the primary independent variable. In general, subjects will be

required to perform a discrete information processing task while input

constraints and redundancy are varied. Performance, in terms of trans-

mitted information, will be evaluated and compared to outcomes of the

assoclated computer simulations.
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CONCLUSIONS AND IMPLICATIONS

The taxonomic approach described above differs from most other
methods of developing a taxonomy in that it is based on a general model
which starts with a set of definitions, relationships, and classes and
has meaning in the same sense that a mathematical or logical system has
meaning. That is, the system is complete before any attempt is made to
apply it to observations. It is a priori rather than a posteriori. The
model which we have selected for use is an information theory model.

We are seeking to use this model as a taxonomic system which describes
classes of general relationships among input and output phenomena.

We are not particularly concerned with the use of the model as a
basis for describing the processes which underlie these relationships,
nor are we interested in a description of tasks as defined by the in-
volvement of underlying processes, although the model does not preclude
such interests. We are interested in the model as a means for classi-
fying tasks qua tasks.

Because the idea répresents a new insight about a generally-used
mathematical system, there was a need for a careful evaluation of its
components for our purposes. As a consequence, most of our effort thus
far has been devoted to the matter of definition and of identification
of those aspects of tho model of greatest relevance. Although we are
convinced about its general utility, its specific utility must be
demonstra* 4.

It is important to realize that, aside from its general potential
as 8 scientific tool, a major advantage of this particular approach, if
it can be developed adequately, is the possibility of classifying any
new or modified task. Furthermore, performance on such tasks may be
estimated by computer simulation techniques if factors which restrict
performance (i.e., constraints) are properly identified and described.
In reverse, it may be possible to simulate any new hypothesized task
given a knowledge of the ways in which human performance is limited.

23




Thus, this approach dovetails completely with the other provisional
classification systems developed under the project by providing a math-
ematical framework within which abilities and other performance-limiting
factors can operate predictively. This effort is consistent with our
intention of providing a bridge between the general scientific study

and the applied need.

It must be emphasized that the adaptation of an information model
to task classification allows for the translation of the concepts and
findings of the "ability requirements" and ''task characteristics"
approaches into a common systems language of relevance to design en-
gineers and military system equipment planners. Additionally, this
language permits human performance and machine performance to be
specified in terms of identical parameters by systems personnel.

Once we have demonstrated the viability of our model, further
development of our system for task classification will be concerned
primarily with two major efforts. One effort will center about the
preparation of a Systems Language Manual which would specify the classes
of constraints which might operate in human performance tasks and the
effects upon performance of such constraint classes (i.e., the per-
formance limitations imposed by the constraints). These relationships
will be hypothetical, determined in most cases on the basis of computer
simulation of constraint effects upon information transmission as
redundancy is varied. Our second major effort would involve the initi-
ation of a translation of the ability requirement and task character-
istic approaches into the systems language. In effect, this will be a
specification of the kinds of task and operator variables affecting
performance and the degree to which these variables impose limitations
upon performance. Future plans call for evaluative efforts to be

conducted on our integrated system.
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