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EFFECTS OF TASK INDEX VARIATIONS ON
TRANSFER OF TRAINING CRITERIA

ABSTRACT

The present report describes the concluding series of studies in a three-
phase program of research. The overall goal of the nrogram has been to
develop and validate a battery of quantitative task indicas for use in
forecasting the effectiveness of training devices.

In Phase I of the program, indices were collated and applied to an assort-
ment of passive- and active-sonar training devices. On the basis of
these field applications, an initial set of 53 quantitative task indices
was reduced to 17 measures.

In Phase II of the program, the 17-index battery was validated using skill
acquisition measures as criteria. In this validation effort, training of

“procedural skill was carried out in a modularized, synthetic sonar trainer.
The modular construction of the device permitted its configuration into
a large number of research tasks. Substantial and significant multiple
correlation coefficients were obtained for both performance time and
errors during skill acquisition.

Phase III, described in the current report, extended the work of Phase II
by validating the index battery against transfer of training criteria.
Phase III results demonstrated that quantitative variations in task design
could be related significantly and substantially to variations in transfer
of training measures.

On the basis of these results and those of Phase II, a set of predictive
equations was constructed. :

It was concluded that these equations could be employed immediately to
compare the efficacy of competing trainer prototypes, but that additional
validation efforts in the field were necessary in order to extend confidence
and generality of the methodology.

It was further concluded that the battery could be useful in selecting

tasks for research on the interaction of task variables and other training
system variables. A demonstration of this application was carried out in
which training method was studied as a function of task complexity. Results
of this latter study provided some support for the hypothesis that the
effectiveness of dynamic versus static procedural training varied with
changes in task parameters.
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FOREWORD

This is the third in a series of reports the general purpose of
which is to determine the feasibility of describing, in quantitative
terms, tasks that are of practical importance in Navy operations.
If this be possible, and if these quantitative indices can be related
to the difficulty operators experience in learning the tasks and to
the amount of transfer that can be.carried over to performance "on
the job", important implications follow about the design of training
programs and the aids and devices they incliude.

This series of reports demonstrates the feasibility of describing
tasks in quantitative terms and of relating these guantitative indices
to difficulty of learning the tasks and to the amount of transfer of
training to other tasks, and presents the methods for so doing.

Future work includes the validation of the computation of the quanti-
tative indices and of the methods for their use in an actual Navy
training/operational environment. Plans are being laid to perform
these validations.

The first two reports in this series are: NAVTRADEVCEN 69-C-0278-1,
Trainee and Instructor Task Quantification: Devalopment of Quantitative
Indices and A Predictive Methodology, and NAVTRAEQUIPCEN 71-C-0059-1,
Effects Of Task Index Variations On Training Effectiveness Criteria.

4%/ Y oy

VINCENT J. SHARKEY
Scientiflc Officer
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SECTION I

INTRODUCTION

A number of complex problems confront individuals who are responsible
for the design and development of effective training devices. One of the
most difficult to resolve is the problem of task fidelity. Early during
conceptualization of the device, decisiens rust be made concarning those
features of the operational task which should be iuncorporated into the
trainer in order to make the device optimally effective for both the
acquisition and transfer of skills. Complementary decisions are needed
concerning those features of the operational task which can be cost-
effectively eliminated. Yet, ohjective means for deciding on a priori
grounds what to include and what to eliminate have never been developed.
In particular, guantitative methods have been lacking with which to
relate variations in trainer task characteristics to variations in the
acquisition and transfer of skill. The pragmatic consequence of this’
situation has been incorporation into training devices--and, in parti-
cular, simulators--of as much realism as the state-of-the-art and
available dollars will permit. Increasingly, the cost-effectiveness
of such a response to training needs has been questioned.

A major stumbling block to the development of more objective and
systematic approaches to device design has been the lack of an acceptable
method for quantitatively analyzing and describing trainee tasks. In
turn, two issues underlie development of the required methodology. First,
is it possible to describe the critical features of a device reiiably
and along a number of quantitative dimensions? Unless such description
is possible there will be no way to investigate the relationship of
interest. Second, can measures of training effectiveness.{i.e., rate of
-skill acquisition, level of transfer) be demonstrated to vary in some’
predictable manner as features of a training device are manipulated?
Unless there is a relationship between these two sets of variables,
prediction of effectiveness will not be feasible.

BACKGROUND

To resolve these issues the Naval Training Equipment Center (NAVTRA-
EQUIPCEN) sponsored the American Institutes for Research in a program
of research which was executed in a series of phases. The goals of the
program were to: (1) develop or compile a set of quantitative task des-
criptive indices; (2) determine the feasibility of using such indices
to describe different kinds of trainee tasks; and (3) explore the rela-
tionship between such indices and measures of skill acquisition and
transfer of training. The phases of research conducted in support of
these goals are summarized below.

PHASE I - DEVELOPMENT OF QUANTITATIVE INDICES. The first phase of the
research program had three objectives. The first was to compite an

initial set of quantitative indices relating to selected characteristics

of various man-machine tasks. The second was to determine whether the
obtained indices could be used to describe a sample of trainee tasks and

to differentiate among them. The *hird was to develap A predictive method-
ology based upon the task indices and to assess its potential utility.
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To accomplish these ends, the first step taken was to review the
spectrum of Navy training devices in order to identify those instances
in which training equipments rather than training aids provided the basis
for instruction. The former devices (e.g., trainers and simulators)
were chosen for investigation because they contained trainee and instruc-
tor tasks which were reasonably formalized and invariant with respect to
the equipment and procedures used. On the basis of clie review, approxi-
mately 165 different trainers or simulators were ide it fied. These
equipnents differed markedly, however, in terms of Lr. basic content
of training (e.y., vehicle control, fire control, navigation, etc.)
and level of training (e.g., orientation, familiarization, skill, etc.).
The decision was made, therefore, to focus initially on a more homogencous
subset of devices. This approach was adopted because it was felt that
focus on a specific subset of devices would provide a better test of
the overall methodology. If quantitative indices could not be applied
to a specific class of trainers, then there would be little hope of
doing so across many different types of devices. On this basis Navy
sensor-based or surveillance systems were chosen for study, including
such devices as sonar, radar, and electronic countermeasures trainers.
While attention was focused specifically on sonar trainers, the intention
was to generate indices which would aiso provide for the quantitative
description of other devices within the surveillance family.

The next step was to analyze the trainee tasks associated with these
devices in detail, in order to determine the major sub-tasks performed
by trainees, and to cbtain information about those features of the sub-
tasks which might provide a basis for generat1on of descriptive indices.
Evaluation of several devices resulted in identification of four major
trainee sub-tasks which cut across surveillance training devices. The
first sub-task was procedural in nature and involved receiver turn-on,
set-up, and/or calibration in preparation for search activities. The
second sub-task, invoiving monitoring of the receiver, resulted in signal
detection or target acquisition. In the third sub-task, displayed signals
were analyzed to permit target identification and classification. The
fourth sub-task involved tracking of the target in order to provide
continuous or discrete information about target range and bearing.

In selecting and developing quantitative indices to be used in
describing the four trainee sub-tasks, consideration was given to critical
task characteristics which, if manipulated, could be hypothesized to
exert an appreciable effect upon rate of acquisition or Tevel of profi-
ciency. Based upon an examination of the four sub-tasks and upon a
review of the literature, two sets of indices were generated. The first
set consisted of generic indices. Each index within this first set was
applicable to all of the trainee sub-tasks as well as to the task of the
instructor. The generic indices included: (1) a set of task character-
istic rating scales; (2) the Display Evaluative Index; and (3) a set of
panel lay-out and task-type indices. The second set contained specific
indices which were developed to provide for a more detailed description
of each of the trainee sub-tasks. An index within this second set was
specific in the sense that it would apply to at least one, but not to all,
of the trainee sub-tasks.
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As described in the Phase I report (Wheaton, Mirabella, and Farina,
1971) the 13 task characteristic rating scales were selected from a larger
set of 19 scales originally developed during the course of an AIR taxonomy
project (Fleishman, Teichner, and Stephenson, 1970). The scales were
specifically designed to describe tasks per se, independent of two other
major components of performance, the operator and the task environment.
Development of the scales proceeded from a definition which structured
the term "task" into several components: the goal, responses, procedures,
stimuli and stimulus-response relationships. Several rating scales were
developed for each of these components. A complete discussion of the task
characteristic approach is given in a report by Farina and Wheaton (1971).

The Display Evaluative Index (DEI) is a measure of the effectiveness
with which information flows from displays via the operator to corresponding
controls. The index, developed by Siegel, Miehle, & Federman (1962a), yields
a dimensionless number which represents a figure of merit for the total
configuration of displays and controls being evaluated. It was originally
derived from a set of assumptions about what constitutes efficient infor-
mation transfer in display-control systems. The potential value of the
" index has besn demonstrated by its wide applicability. Surveiliance,
fire control, and even communications systems have been quantified with it
(e.g., Siegel, et al., 1962a; Siegel & Federman, 1967). Moreover, the index
has been partially validated, i.e., against judgments by human engineering
experts (Siegel, et al., 1962a; 1963).

The panel lay-out indices of Fowler, Williams, Fowler, & Young (1968)
are designed to provide description of two different aspects of a man-
machine task. One set is used to measure the extent to which general

.. human engineering principles have been applied to the arrangement of

" controls and displays on a console. The second set relates to the degree
to which different operations or "task types" are embodied in a parti-
cular operator console. These indices can vary independently of the DEI,
which does not address itself to panel arrangements or types of panel
operations. During Phase I eight of these types of indices were investi-
gated.

To round out the initial set of generic indices, seven additional
measures were employed. Response actions were broken-down into the
following categories: (1) number of non-normal repertoire responses
(Folley, 1964); (2) number of control activation responses; (3) number
of feedback responses: (4) number of information acquisition responses;
and (5) number of instructor initialized responses (Mackie & Harabedian,
1964). Two additional indices were the number of redundant information
sources processed simultaneously (Mirabella, 1969), and the time permitted
for sub-task completion. With the inclusion of the seven indices just
described, the generic set consisted of 29 separate measures. This set was
deemed acceptable for initial work in terms of both the number and variety
of descriptors which were available.

In addition to the generic indices, which cut across both training
devices and trainee sub-tasks, an additional set of 25 descriptors was
used. Fifteen of the indices within this set were specific to surveillance
trainers and to certain sub-tasks within those trainers. The items were
selected because they appeared to have implications for device design

3
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decisions and because they appeared to be directly translatabie into
trainer design specifications. They included such items as signal
persistency and display-control ratios. An additional set of ten
descriptors related to the use of different training techniques. These
included statements, for exampie, about the use of training tapes,
adaptive techniques, part-task training, problem freeze techniques, etc.
Altogether, 29 generic indices, 15 specific indices, and ten :
Ganhiitg Technicue geseIpovs ware astanield,

The indices were applied to detailed task-analytic data collected on
three sonar devices, each of which incorporated the four basic sub-tasks.
In general, application of the DEI was straightforward. Values could be
obtained fairly quickly, reliability did not appear to be a problem, and
the index differentiated sub-tasks and devices. The panel lay-out indices
also differentiated between and within sub-tasks, although they appeared
te be rather labile. Several were dif¥icult to apply and their relia-

~bility was questionable. Otner generic indices, including several of

the rating scales, did not appear to provide for adequate differentiation
among devices. Overall, though, results were encouraging with respect
to the generic indices.

The results from applying the 15 specific and ten training technique
indices were generally inconclusive. Many specific indices could not
be applied; when they could be, they did not clearly discriminate among
tasks or devices. Training indices were simply binary statements about
the presence or absence of a "freeze" capability, for instance.

In conclusion, Phase I research demonstrated the feasibility of using
a variety of quantitative indices to describe salient characteristics of
actual trainee sub-tasks. The importance of this demonstration is
evident when one considers the nature of many of the quantitative indices
which were employed. First, several of the measures were directly re-
lated to features of a task familiar to design engineers. These were
hardware and procedural features which might be reconfigured during the
development of alternative designs. Modifications of these task charac-
teristics would be reflected by changes in the values of many of the
quantitative task indices employed in the present study. Second, and
more importantly, these same task characteristics could be hypothesized
to bear a relationship to measures of task performance including rates
of skill acquisition.

In theory, therefore, the possibility existed cf developing quanti-
tative profiles of tasks and of relating such profiles to measures of
performance. Were information of this type available, it might then be
possible to predict the behavioral consequence of restructuring a task's
profile of quantitative indices. A basis would exist for predicting the
effectiveness of alternative training device designs. A1l of this was
contingent, of course, upon the demonstration of a relationship between
the quantitative indices and measures of performance. Phase II of
the program was concerned with this issue.

PHASE II - PREDICTION F SKI!L ACQUISITION. Phase IT also had thrze
objectives. The flest wai o ofing the zat of quanticative inoces
employed during the ﬂar11“r research, adding new descriptors, if possible,
while deleting those which had proved unsatisfactory. The second was to

4
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conduct an investigation of the relationship between variations in
quantitative indices and corresponding changes, if any, in selected
criterion measures. This effort was to be conducted in a laboratory
setting in order to exercise control over other variables not of immediate
interest to the present study. The third and final objective was to
determine whether support for relationships established in the labora-
tory could be provided by data collected in the field. Such support
would increase confidence in the validity of the basic methodology--that
of using quantitative task index information to forecast the relative
effectiveness of competing designs.

To accomplish these objectives., an approach was adopted consisting
of three distinct but interrelated activities. Quantification of devices
in the field was continued using a revised set of indices. The data
obtained during this exercise were then used in conducting a two-pronged
validation study consisting of a laboratory and a field effort.

Before either validation effort could be initiated, quantitative task
index data were required on a sample of actual devices. These data were
intended to provide guidelines for the types and ranges of design char-
acteristics to be manipulated in the laboratory. In addition, they were
to be employed directly in the anticipated field validation effort as the
predictor variables. Accordingly, efforts begun during Phase I to apply
the quantitative indices were continued. Application of the indices was
extended to several devices not examined during the earlier work. Alto-
gether, 13 different trainee stations were quantified including: the
14E10/3 at Quonset Point, Rhode Island; the 14B31B (AQA-1 and ASA-20
stations), 14E14, and X14A2 at Norfolk, Virginia; the 21A39/2 (0A1283,
BQR-2C, and BQR-7 stations) at Charleston, South Carolina; and the
14E3, 14A2/C1, SQS-26CX, and 21B55 (0A1283 and BQR-2B stations) at
Key West, Florida.

The trainee tasks within each of the devices were analyzed in terms
of a reduced set of the total number of quantitative indices compiled
during Phase I. Exclusion of indices from the reduced set occurred for
one of four reasons. Some, most notably a set of task characteristic
rating scales, were excluded because: (1) they were often difficult to
apply reliably, requiring a consensus among several analysts; and (2)
they referred in many instances to characteristics which, although varying
across very different types of devices, did not appear to reflect
readily manipulable design features (e.g., a work load dimension). Still
other indices were excluded either because they generated little varia-
tion for the present types of devices or because they had been found from
past work to be correlated highly with other descriptors. The set of
descriptors finally adopted included 17 indices. These were defined in
the Phase II report (Wheaton, and Mirabella, 1972).

Values were obtained on all 17 indices for each of the inajor
trainee sub-tasks within each of the 13 devices. The index data for
all four sub-tasks were used as predictors in the field validation
effort. The index data obtained for the various set-up sub-tasks
provided guidelines for the laboratory research.
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The general approach to laboratory validation was to develop a
modularized, synthetic sonar trainer, capable of béing readily configured
into a large number of sonar "trainers", varying in design characteris-
tics, but with a common set of functions. The trainer was designed to
evaluate set-up behavior alone. An attempt was made to compile a set of
configurations which would vary as much as possible along the 17 design
indices selected for study. Toward this end, three anchor configurations
were chosen. There was 2 "complex" trainer corsis*ing of atl compler
panels, a1 "simple' trainer corgistico of all %.¢ copie panzis which
were available, and a medium configuration which wes gererated by
randomiy selecting either a complex or a simple module for each function
on the trainer console.

In addition to these three primary trainers, nine additional
trainers were selected to yield a range of design parameter values.
These configurations essentially -epresented variations in the simple
trainer or the medium trainer; i.c., the simple trainer embedded in the
complex, medium trainer with feedback Tights removed, simple trainer
with additional contingency responses included in the training regimen.
These manipulations were aimed at recucing correlations among the design
parameters, in particular the correlation between number of displays
or controls and other design characteristics. For each trainer, a
specific set of procedures or sequence of responses was developed. These
served to define "trainee" tasks analogous to the trainee set-up sub-
tasks associated with actual sonar training devices.

Following development of the synthetic trainer and selection of the
specific tasks to be studied, the testing portion of the laboratory
effort was initiated. Subjects were recruited from local universities
and were randomly assigned in groups of five to each of the 12 experimental
tasks. The 60 subjects employed in this manner were paid for their
services. Following procedures outlined elsewhere (Wheaton and Mirabella,
1972), data were collected representing subjects' time and error per-
formance during skill acquisition. On a few tasks piiot transfer data
was also obtained.

The second prong of the dual validation attempt involved a study
of the effectiveness of the 13 sonar training devices which had been
previously task analyzed. The field validation was pursued via
structured interviews with experienced sonar instructors. These in-
structors were asked to rate the tasks trained on their devices against
a set of "synthesized" comparison tasks. With respect to the sub-tasks
found in each device, four specific judgments were to be made including:
(1) training time; (2) proficiency level; (3) degree of transfer of
training; and (4) level of task difficulty.

In general, the results of the laboratory validation effort were
very encouraging. Significant multiple correlations were obtained between
the quantitative task indices and speed and accuracy of performance
during skill acquisition. Very tentative relationships were also
established between some of the indices and measures of transfer of
training. Support for these findings was obtained from the field valida-
tion study. Here again, significant relationships vere establiiched
between instructors' judgments of uraining criteric and trainee task

6
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index values. It was to increase the stability of and to expand upon
these predictive relationships that the present phase of research, Phase
III, was undertaken.

PHASE IIT - RESEARCH OBJECTIVES. The third phase of the program
consisted of three research objectives. Having demonstrated that
quantitative task indices could be related to the acquisition of pro-
cedural task skill, refinement of the predictive relationships was

in order. Accordingly, the first objective was to repeat the skill
acquisition analyses using a modified set of predictors and a larger
number of trainee tasks in the laboratory context. The second objective

. was to develop similar predictive relationships between task indices and

measures of transfer of training. The possibility of such relationships
was suggested by the findings stemming from Phase II research. The third
and final objective was to demonstrate the manner in which a task quan-
tification schema might be used when conducting training system research.
Toward this end, a laboratory study was undertaken to examine the inter-
~action between task complexity and method of training.
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SECTION 11

METHODOLOGY

The general approach used in the current phase of this research
program (Phase III) was an extension of the method used in Phase II
(Wheaton and Mirabeila, 1972}, In Fhase TIT enphes s vas placed oo
measuring transter: moniottation of bralwing cugiens wis &isc adued.

As in Phase II, the experimental task was based upon a modularized
. synthetic sonar trainer, constructed to represent a cross section of
some 13 different sonar devices which had been previously task-analyzed.
The trainer consisted of 20 different modular panels representing
different sonar console functions. For most of the functions there were
alternatively desigrizd panels whizh could be interchanged, and, thus,
used to manipulate the overall appzaiance of thz trainer console.

Figure 1 shows a photograph c¢f ore such console configuration. This
was defined as our most complex configuration. Note, for example,. the
panel at the top left. This panel represents the function of energizing
the console. It consists of a number of toggle switches, feedback
lights, a rotary switch, and a meter. In other configurations of the
console, this particular panel might be replaced by one which consists
of nothing more than one toggle switch and one feedback light. Similarly,
most of the other panels were designed in alternative forms: a "simple"
version and a “complex" version for accomplishing basically the same
function. .

Through appropriate use of panels, there were a number of ways in
which the operator's task could be manipulated. For instance: {1) alter-
native panels could be employed; (2) the trainee's task could be
embedded in a more complex console configuration by making some of the
displays and controls contained in the console irrelevant for performance
of the task; (3) feedback 'ights associated with toggle switches could
be masked; and (4) contingency responses could be built into the
training procedure. These various manipulations were employed and .then
the task characteristic index battery (Appendix A) was used to describe
quantitatively the resultant configurations. Twenty different tasks
were generated in this manner, for each of which there was a corresponding
set of task index values.

For any task, trainees were required to learn a set-up procedure.
The general method of instruction was to describe to them the entire
procedure, twice in succession. Each response in the procedure was
indicated to the trainee, along with a verbal statement which he was
to make as he performed a particular operation. For example, he was
told to set the power switch, No. 1, to the "on" position, and say,
"No. 1 to on".. Verbalization by the trainee was necessary to facilitate
the recording of incorrect or omitted responses in the subsequent test
trials. The experimenter could identify these errors by following a
procedural checklist, and noting where the trainee deviated from expected
verbal statements. A stopwatch record of total performance time for
each test trial was mgintained.
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Following the initial two orientation trials, the trainee was
exposed to 15 test trials, each involving a complete run-through of the
set-up procedure for that particular task. He was interrupted for any
wrong or omitted responses, and the stopwatch was halted while correc-
tive instructions were given. It should be emphasized that following
each trial the settings of all controls were scrambled so that the
initial appearance of the console varied somewhat from trial to trial.
Furthermore, there were a number of response sequences which could change
from trial to trial as a function of experimenter inputs. As an
example, the trainee might have been instructed to set up for passive-
sonar search on one trial, and for active-sonar search on a subsequent
trial. The specific sequence of required responses varied accordingly.
Consequently, the 20 experimental tasks which were employed consisted
of more than merely rote activities.

A1l subjects, upon completion of the initial 15 acquisition trials,
transferred to a common task of medium complexity. They received one
orientation trial and ten test trials on the second or transfer task.
Thus, some groups of subjects transferred from difficult tasks to the
intermediate task, while others transferred from relatively easy tasks
to the intermediate task. Comparisons of transfer of training were
based upon performance on the common intermediate task. The criteria
of interest were the actual time and error scores achieved on the
second or transfer task.

_ Each experimental group was composed of five trainees, drawn from
universities in the Washington, D. C. area. Each trainee was assigned
arbitrarily to only one experimental group.

STUDY 1: TRANSFER OF TRAINING

The general gcal of Phase II (Wheaton and Mirabella, 1972) was to
validate the 17-index battery (Appendix A), using skill acquisition as
the criterion. Having succeeded in doing so, attention turned next to
the issue of transfer of training. Could those same indices predict
transfer and how would the specific patterns of predictors compare with
those found in Phase II for acquisition? The purpose of Study 1 was
to address these questions. An incidental purpose was to collect
additional acquisition data in order to expand the sample used for the
Phase II laboratory predictions.

PROCEDURE. For this study, twenty tasks (defined in Appendix B) were
employed. However, data for nine of those tasks were carried over from
Phase II. Of the nine tasks from Phase II, four included both transfer
and acquisition scores. The remaining five included only acquisition

-scores. Thus, data were available for 15 tasks for transfer analysis

and 20 tasks for acquisition analysis. Tasks were chosen with a view
toward generating a wide range of task index values. At the same time,
however, they were chosen to permit a preliminary study of the inter-
actions of several of the underlying task dimensions which had been
manipulated in order to generate the task index values. It was felt that
such preliminary study would assist both in conducting and interpreting
the regression analysis which was the focus of this investigation.

10
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Each trainee was put through the following regimen: two preliminary
training trials, followed by 15 acquisition trials, a half-hour break,
and then orientation and transfer to task Ma, medium-all. Time and
error measures were collected on the 15 acquisition trials and on the
i0 transfer trials.

" STUDY 2: INTERACTION BETWEEN TASK CHARACTERISTICS AND TRAINING METHODS

The main thrust of the program which is being concluded with this
report has been upon trainee task variables. It is recognized, however,
that training device utilization, and individual difference variables
must, in the final analysis, all be factored into the "effectiveness"
equation. Of particular potential importance are interactions among
these classes of variables.

Study 2 was intended to extend our research beyond the task variable
area and to demonstrate the value of looking at interactions between tasks
and other variables. We chose to manipulate mode of console presentation
during training since past research has indicated that dynamic presenta-
tions are not necessary for the training of procedural tasks (Grimsley,
1969; Prophet & Boyd, 1970; and Bernstein & Gonzalez, 1971). It was
hypothesized that this conclusion would be dependent upon level of task
complexity. More specifically, it was anticipated that dynamic presen-
tation would be increasingly advantageous as task complexity increased.

The procedures employed were basically those of Study 1 except
that the synthetic trainer was represented in one of three different
ways during acquisiticn training.

1. "Hot" Panel. This was the dynamic mode employed in
all previous laboratory work. Trainees operated the
actual controls and read corresponding display values.

2. "Cold" Panel. Trainees assigned to this presentation
mode operated the actual controls but were told what
the display values were. A1l displays were inoperative.

3. Pictorial Presentation. Trainees under this condition
learned their procedural task with the aid of an
11 x T4-inch photograph of the sonar trainer. They
indicated control actions by pointing to appropriate
positions on the photograph. Again display values were
provided by the experimenter.

A1l subjects were then given a transfer test (10 trials) on the "hot"
panel version of task Ma. Six of the twenty original synthetic sonar
tasks were chosen for training in Study 2, with five trainees assigned
to each combination of task and training method. Tasks included were
Sa, Ma, Ca, and their embedded versions, SEma, SFza, MEca (Appendix B).
This set permitted a number of different contrasis involving task
complexity, task embeddedness, and training method. The organization of

experimental conditions for Study 2 is shown in Table 1.

11
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TABLE 1. EXPERIMENTAL CONDITIONS FOR STUDY 2:
TASK CHARACTERISTICS VS. TRAINING METHODS

Tasks

Training Methods

Ca
Ma
Sa
MEca
SEca
SEma

Hot Panel ~ (old Panel Pictorial
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SECTION ITII
RESULTS

Results from both the transfer of training (Study 1) and the training
method (Study 2) studies are presented in this section. The first set
of analyses deals with acquisition data obtained from the synthetic set-up
trainer during the course of the transfer of training study. Included
within this set are analyses of variance focusing on the reliability of
the acquisition data and on the interactive effects of task complexity,
feedback (i.e., indicator lights), and embedding parameters on skill
acquisition. The set concludes with multiple regression analyses relating
task indices to acquisition time and error criteria.

The second. set of analyses is analogous to the first, except that
the data are transfer-of-training measures. Analyses are presented with
respect to the reliability of transfer data, the interactive effects
of task parameters on transfer, and the multiple regression between
task indices and transfer criteria.

The final set of analyses focuses on both acquisition and transfer
data from Study 2. Analyses of variance are presented which examine the
interactive effects of training methods and task parameters on skiil
acquisition and transfer. _

STUDY 1: TRANSFER OF TRAINING

Results of the acquisition and transfer portions of the transfer
of training study are presented in figures 2-14 and tables 1-5. In
describing both portions of this study the same format is followed.
Evidence for the reliability of the data collection procedure is pro-
vided first. Second, analyses are then presented which assess the extent
to which a linear regression model can be used in relating task indices
to acquisition or transfer criteria. Finally, several regression analyses
are then presented, some of which utilize observed interactions in the
prediction equation, and some of which do not.

ACQUISITION. A number of task conditions employed in Phase II research
were replicated during Phase III. Comparison of the acquisition data
resulting on these two different occasions permitted some assessment of
the reliability of the measures being employed. The acquisition data

are shown in figures 2 and 3 for the complex-all task (Ca), the simple-all
task (Sa), and the simple-all task embedded in the complex console (SEca).

Figure 2 shows mean time per trial as a function of trial block.
The overlap of results for like tasks, sampled on the two different
occasions, is clear. Corresponding levels of performance were obtained,
in spite of the fact that different experimenters and different groups
of subjects were involved.

Figure 3 shows mean number of errors in the trainee's action or
verbal response as a function of trial block. In this case the overlap
within each of the three tasks is still evident, although less clear-cut

than for the time data shown in figure 2. Some fairly wide disparities

13
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can be seen during the initial block of acquisition trials (i.e., Ty_p),
but these narrow substantially fer subsequent blocks. An analysis of
variance conducted on the error data revealed that the overall replication
effect (i.e., Phase II vs. Phase III) was not significant (F = 3.04;

df = 1,24; p = .05).

In summary, the similarity between comparable tasks appears to be
areater for the time than for the arrer criftericn. Gensraily, aoweicr,
both acquisition measures appear to be veasonabiy reliable.

Acquisition time and error measures were available for a sample of
20 different tasks, nine of these tasks having been selected from among
those studied during earlier Phase ifl.research. However, prior to use
of this sample of tasks in a multiple regression analysis, subsets were
selected for detailed study in a series of linear contrasts designed to
highlight interactions among task parameters. Tontrasts were employed
which emphasized, for instance, the possible interaction between task
complexity (complex, medium, simple} and amount of performance feedback
(all or nore); the interaction between amount of task embeddedness and
degree of feedback for a fixed level of task complexity; and, combinations
among all three major variables - feedback, task complexity, and embedded-
ness.

In a series of linear contrasts, the main effects of complexity,
feedback, embeddedness, and trials were all found to influence acquisition
performance, as expected. The important interactions which might influ-
ence the multiple regression model were then examined. The salient
findings stemming from these analyses are represented in figures 4-9
for acquisition time and error data. Figure 4 shows mean number of
errors as a function of task complexity, feedback, and trial block.

There is a significant interaction between task complexity and trial

block (F = 3.86; df = 12,144; p <= .001), which can be clearly seen

within either level of feedback. The initial differences in error rate
associated with the various levels of task complexity, although main-
tained across trials, decrease as training continues. Although covariance
analysis was not performed, the spread in scores appears to be substan-
tially greater than expected on the basis of total number of task responses
alone. For example, total Cn errors exceed Sn errors by 255%, but total

-Cn task responses exceed those for Sn by only-81%. Total Mn errors exceed

Sn errors by 194%, but total Mn response actions exceed those for Sn
by only 28%. Similar differences hoiu fo™the otheér relevant pairings.

Figure 4 also suggests a feedback by task complexity interaction.
Of particular interest is the reversal in performance where feedback
is removed; i.e., a greater average number of errors results from removal
of feedback, even though fewer responses are required in such tasks.
This mean reversal effect is greatest for the complex configuration,
somewhat less for the medium configuration, and not present for the
simple configuration. Statistically, however, support for an interaction
between)these two parameters was not obtained (F = 1.06; df = 2,24;
p ~.05).

The data for mean acquiciticr time showr in fiqura § gererzlly
reflect the number of responses requivred by the tasx. - For exampie, mean

16
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Ca time is greater than mean Cn time although fewer errors (figure 4) are
made on the Ca task. The initial differences in performance time due to
level of task complexity decrease over training as indicated by a signi-
ficant complexity by trial block interaction (F = 2.28; df = 1¢,144;

p =< .01). There was no indication of an interaction between complexity
and feedback task parameters (F = 0.74; df = 2,24; p ~.05).

Overall, the effects of task complexity on skill acquisition
criteria are reasonably clear-cut and systematic. The more complex
the task becomes, the more errors are made and the longer are perfor-
mance times. Degradation in the accuracy and speed of performance
increases disproporticnately with increasing task responses, a finding
which emphasizes the underlying multivariate nature of task difficulty
or complexity.

The effects of different levels of the second major task variable,
namely feedback, are presented in figures 6 and 7 for acquisition error
and time, respectively. It will be recalled that, as used in this study,
feedback refers to the use of certain indicator bulbs during performance
of the task, a manipulation not to be confused with "feedback as knowledce
of results”. A significant interaction (F = 2.06; df = 24,216; p = .0053
exists between feedback, level of embedding, and trial block for acquisi-
tion error scores as shown in figure 6. Within each level of embedding,
the initial distinctions among levels of feedback decrease over trial
blocks; by the end of the acquisition session all three feedback condi-
tions exhibit essentially the same error rate. More interesting, however,
js the interplay betwecen level of feedback and degree of embedding.

When the simple task is embedded in the complex console (i.e., high
embedding) there is a rather consistent ordering of feedback levels.
Most errors are associated with the use of all indicator lights, fewer
with the use of an intermediate number of lights, and least when no
indicator lights are used during task perfcrmance. When the same task
is performed on 2 console which is fully utilized (i.e., when there is
no embedding) the order is changed substantially. Most errors occur
under the no-feedback condition and tfewer under the high-feedback
condition. Both of these levels of feedback lead to higher &rrors
unider moderate embedding than does the intermediate feedback condition.

Tentatively, at least for the procedural task used in this experiment,
as the level of embedding increases, errors become a function of increasing
levels of feedback. Apparently, the distinction between the task (figure)
and console (background? becomes less obvious as more and more feedback
indicators are used during task performance. Conversely, as the percertage
of distracting stimuli decreases (i.e., there is less embedding), increasing
errors are associated with decreasing feedback.

As shown in figure 7, feedback has a simpler and more systematic
effect on performance time. A significant feedback by trial interaction
(F = 2.50; df = 12,2163 p -= .005) exists in which initial differences
due to level of feedback diminish over time. The results simply suggest
that tasks consisting of more responses (e.g., high feedback in which
all indicator lights are responded to) take relatively longer to perform
than tasks consisting of fewer responses (e.g., tasks in which indicator
1ights are eliminated).

19
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The effect of levels of embedding on acquisition errors is shown in
fiqure 8. In spite of different levels of embedding for a simple task,
there is no clear-cut effect on error scores (F = .22; df = 2,36; p =~ .05).
Significant variation in performance time is seen, however, in figure 9
(F =4.13; df = 2,365 p ~< .05). Increasing levels of embeddedness
clearly result in increasing performance time. What makes this result
particularly interesting is that the number of task responses is constant
across levels of embedding. Ciear-cut irteract ons of =mbedding with
other task parameters were not obtained.

Based on the preceding analyses, it was decided that a 1inear
regression model would be appropriate for treatment of both acquisition
error and time scores, since there were no striking interactions among
task parameters which had to be taken .into account. Consequently, in
conducting these regression analyses there was no need to weight tasks
differentially.

In an attempt to minimize potential confounding of results due simply
to task length, however, acquisition error and time scores were transformed
prior to analysis. The data selected for treatment were from the first
(T1-2), middle (T7.8), and last (T13-15) blocks of trials, these points
being chosen to represent performance at early, intermediate, and later
stages of acquisition. For each set of data, single variable regression
analyses were conducted using number of task responses (TA) as the pre-
dictor variable. This procedure resulted in sets of residual criterion
scores which were corrected for the effects of task length. While task
length impacted upon performance, as noted in the preceding analyses,
its effect was not of interest in the present study.

Six separate regression analyses were performed, one for each of
the three time and three error criterion data sets. A step-wise
regiression procedure (Dixon, 1968) was employed with a maximum of three
predictor variables being fitted. Standard values were employed for the
F-level criteria for predictor variable inclusion or deletion. The results
of the six analyses are summarized in table 1. Results are reported for
three predictors. This conservative approach seemed warranted, given
the rather small number of cases (n=20§ involved. For each analysis,
denoted by criterion data set, the multiple correlation coefficient (R)
is reported together with the percentage of variance in the criterion
accounted for ?RZ). Also provided are the degrees of freedom (df) used
in testing the significance of R and the resultant F-value. Finally,
the specific indices included in each regression solution are listed.
They appear from left to right in the order in which they were entered
by the step-wise procedure.

As shown in table 1, even when the effect upon performance time
due to number of responses (TA) is removed, significant multiple corre-
lations between task indices and time are still obtained at all three
acquisition stages. The important contributions of E% and C% to
differences in performance time apparently reflect the extent to which
superfluous equipment elements are encountered. As reported in a pre-
vious study (Wheaton and Mirabella, 1972) the extran=ous equipment
elements represented by such inaices as E%, Ch énd o7 wppaventiy create
a figure-ground problem which serves to retard performance time. The

22



NAVTRAEQUIPCEN 72-C-0126-1

6.0 [ o\
\
A -
\ .
\L A-—-L High Embedding
\
\ A----A  Moderate Embedding
5.0 [
O—2  No Embedding
4.0 I~
v
S
2
&
Y
(=)
Sa
2
és 3.0
| =
P
=
2.0r
1.0 |
0 N .
1 1 t ] 1 1 ]
1-2 3-4  5-6 7-8 9-10 11-12 13-15
Trial Block '
E[{i(j . Figure 8. Mean acquisition errors as a function of level of embedding

and trial block




NAVTRAEQUIPCEN 72-C-0126-1

250 =N High Embedding
O — A Moderate Embedding
N—N No Embedding

2 200 |-

=4

S

(3]

[92]

=

Q

E

P—
g 150

=

(1]

£

(=]

[t

&

o

5

2 100

50 .
45? 1 1 1 1 A | | 1

1-2 3-4 5-6 7-8 9-10 11-12 13-15
Trial Block

Figure 9. Mean acquisition perfarmance time as 3 funntion of level
of embedding, and trial block

24




NAVTRAEQUIPCEN 72-C-0126-1

TABLE 2: SUMMARY OF MULTIPLE REGRESSION ANALYSES OF RESIDUAL PER-
FORMANCE TIME AND ERRORS FOR FIRST, MIDDLE, AND LAST BLOCK
OF ACQUISITION TRIALS

Indices in oirder of
2 . selection by step-wise
Criterion R R df F regression program
Time Scores
T]_2 .693 .480 3, 16 4.92% E%, DEI, CONT
7.8 673  .453 3,16  4.41*  C3%, F¥, INFO
T13-15 .619 .383 3, 16 3.3ft €%, DEI, DISP
Error Scores
T1.2 474 .225 3, 16 1.55 E%, F%, D%
T7-8 .670 448 3, 16 4.33* DEI, FBR, C%
T13-15 .527 .278 3, 16 2.05 DEI, DISP, AA%
+p. = .05.
* p, < .025.
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contribution of the DEI index to performance time is also of obvious

importance, this rather complex index representing the ease with which an

operator interacts with a particular set of displays and controls.

Findings with respect to error criterion scores are less dramatic.
The only significant relationship occurs during the middle of acquisition.

.Here again, however, error rate is related to the goodness of information

flow (DEI) associated with a given task. Gererally. both sets of results
continue to indicate that task indices of the type wuployed in lae present
study can be related to skill acquisition criteria.

The conservative nature of the analyses based on data corrected
for TA can be appreciated by contrasting them with the raw score analyses
shown in table 2. As shown in table 2, the multiple correilations for
both- time and error data are much higher when these data are analyzed
in their raw form. More importantly, however, there is considerable
overlap between both sets of analyses in terms of the task indices which
relate most strongly to acquisition criteria. This overlap provides
further support for the stability of the relaticnship between selected
task characteristics and acquisition criteria.

TRANSFER. With respect to transfer data, only one of the task conditions
employed in Phase II research was replicated during Phase III. Time and
error transfer data obtained from these two research phases are presented
in figures 10 and 11, respectively. In neither case is the main repli-
cation effect significant. In the case of performance time, however,
there is a small but significant interaction between replications and
trial blocks (F = 3.99; df = 4,32; p = .025). The small initial disparity
in performance time disappears across blocks of trials. No such inter-
action was found between errors and trial blocks.

Transfer time and error measures were available for a ¢ampie of
15 different tasks, data for four of which were carried over from
Phase II research. Prior to regression analysis, these data, like
the acquisition data reported upon earlier, were examired in a series
of linear contrasts. The purpose of these preliminary analyses was to
determine the appropriateness of an additive linear model when attempting
to relate task indices to transfer criteria.

The main effects of complexity, feedback, and trial block were
found to impact upon transfer performance as expected. The interactions
among these variables are presented in figures 12 through 14. In inter-
preting these findings it should be recalled that the data reflect
scores on the second or transfer task (Ma). As shown in figure 12, the
impact of task complexity of the acquisition task, on transfer task
errors, interacts with the presence or absence of feedback in the first
task and trial block on the transfer task (F = 2.15; df = 8,96; p = .05).
Transfer from the more complex device {Ca) is better than transfer
from the less complex device (Sa), given that the "critical" feature
of feedback js present. Presence or absence of feedback during training
has its most marked effect on transfer for complex tasks, its smailest
effect for simple tasks, and an intermediate effect for the medium task.
These differences tend to dimirish over trial blocks although *hey are
still prevalent on the last transfer trial (Tg_jg). The transfer time
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TABLE 3. SUMMARY OF MULTIPLE REGRESSION ANALYSES OF UNADJUSTED
TIME AND ERROR SCORES FOR FIRST, MIDDLE, AND LAST BLOCK
OF ACQUISITION TRIALS

Indices in order of
selection by step-wise
Criterion R R2 df F regression progranm

Time Scores

T1-2 .874 .764 3, 16 » 17.30**  DEI, FBR, E%
T7.8 .908 .825 3,16  25.15**  DEI, E, C%
T13-15 .920 .847 - 3,16  29.60**  TA, DEI, C%

Error Scores

T1.2 669 .48 3,16 4327 DEI, LV, E%
T7.8 .809  .655 3, 16  10.13%**  DEI, CRPS, FBR
T13-15 766  .586 3, 16  7.56%*  CRPS, AA%, DEI
'f p.< .05.
w* p.< 0.
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data shown in figure 13 are subject to a similar complex interaction of
task compliexity, feedback, and trial (F = 3.18; df = 8,96; p = .005).

Embedding, while not significant as a main effect, did interact
with feedback and trials for both error (F = 2.30; df = 16,144; p =< .01)
and time (F = 1.97; df = 16,144; p < .025) scores during transfer.
Particularly interesting is the general positive effect which embedding
of the training task has on the accuracy of transfer performance {figure
14). Increasing embeddedness shows evidence of increasingly better
transfer, i.e., performing a simple task embedded in a more complex
console facilitates transfer to a more complex task.

Considered collectively, the results of these preliminary analyses
indicated the presence of a number of complex interactions among task
parameters on transfer criteria. These findings suggested that while
an additive linear regression model could be used in investigating
acquisition data, it would not be particularly powerful in dealing
-with transfer data. Accordingly, an attempt was made to differentially
weight task parameters, thereby reducing nonlinearities in the transfer
data. The weights were derived from the facts that: (1) disruptive
effects of no feedback diminish as task complexity decreases; and (2)
partial feedback for simple tasks is more disruptive than the no-feed-
back condition. '

Based upon these generalizations and as a tentative approximation,

a set of ordinal weights was applied tc the DEI index. This index was
chosen for weighting because it seemed to be the single index most
representative of task complexity, the dimension underlying many of the

nteractions. The weights were applied only to non-embedded tasks
as follows: Cn, 3; Mn, 2; Ss, 1.5; Sn, 1. The DEI's of all other tasks
received a weight of 1. These weights followed from consideration
of points (1) and (2) above.

Six regression analyses were performed on the raw transfer data.
Since a single transfer task had been used, there was no need to correct
error or time data for task length. The dependent measures consisted
of error and time data obtained at an early point (Ty_o), an intermediate
point (Tg_g), and later on (Tg_yg) during transfer. Tﬁe independent or
predictor measures-consisted of ghe absolute difference scores (4)
between the acquisition task and the transfer task for each of 14
task indices. (See Appendix A.) As previously noted, a weighted DEI
index was used in these analyses.

As shown in table 3, significant multiple correlations are obtained
between task indices and both time and error measures at each stage of
transfer. Within the znalyses concerned with performance time, there
is an obvious consistency in the set of predictors relating to the
criterion at each stage of transfer. The differences (between acquisi-
tion and transfer tasks) in the number of displays (2 DISP), the
percentage of controls used (AC%), and the weighted Display Evaluative
Tndex (ODEIW).bear strong relationships to the criterion at each point.
~The predictors of errors during transfer are not as consistent over
trial biocks, with the exception, perhaps, of the weighted DEI
measure and the equipment element index (LE).
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TABLE 4: MULTIPLE REGRESSION ANALYSES USING DIFFERENCE SCORES TO
PREDICT RAW TIME AHD ERROR SCORES FOR FIRST, MIDDLE, AND
LLAST BLOCK OF TRANSFER TRIALS

(WEIGHTED DEI INDEX)

Indices*in order of
selection by step-wise
Criterion R R2 df F regression program

Time Scores

Ty-2 .751 .564 3, " 4.75+ ADISP, AC%, ADEIW
TS-G N .595 3, 1 5.3§T ADISP, AC%, ADEIW
Ta-10 .805 .648 3, 11 6.76* ADISP, AC%, AD%

Error Scores

T1-2 .890 .793 3, 1 14.03**  ADEIW, AINFO, AFBR
T5-6 914 836 3, 1 18.67**  ADEIW, NE, AF%
T9-10 .824 .679 3, 11 7.75*% DDEIW, AE, AD%

* Indices represent absolute differences between acquisition and transfer
tasks.

+p. < .025.
*p, = .01.
**p,— .001.
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For the sake of comparison, additional regression analyses based upon
alternative sets of predictors are presented in tables 4 and 5. The
regression analyses shown in table 4 are based on the same set of predic-
tors as used in table 3, with the exception of the DEI index, which
appears in its unweighted form. The two sets of analyses are quite
similar with respect to the pattern of predictors entered into each
solution. Generally, however, slightly larger multiple correlation
coefficients are obtained when the weighted (table 3) as opposed to
the unweighted (table 4) DEI index is used.

As shown in table 5, strong multiple correlation coefficients are
a1so obtained when the actual index values of the various acquisition
tasks are used as the predictor values. The resultant patterns of
predictors are somewhat less consistent over trial blocks within the
time or error analyses relative to those patterns shown in tables 3 and
4, Also of interest is the difference in the magnitude of the multiple
correlation coefficients obtained when the predictors are based on actual

- task index values (table 5) or difference values (tables 3 and 4). The
use of actual task index values leads to higher coefficients for time
measures early during transfer. Later for time scores, however, and
generally throughout the transfer session for error scores, the use of
absolute difference (! transfer task minus acquisition task | ) values
for the various indices results in higher regression coefficients.

To summarize, it has been possible to demonstrate with this series
of experiments that variations in quantitative task indices can be related
significantly and consistently to trainee perfermance. It should be
emphasized, however, that while the focus of the research just described
was upon trainee task variables, it is recognized that this class of
variables is not the only one which impacts upon device effectiveness.
Training method, including device utilization, may be as potent, if
not more so. To investigate these issues, principally the interaction
between task complexity as measured by the task indices, and method
of training, a second experiment was conducted. The results are pre-
sented below.

STUDY 2: INTERACTION BETWEEN TASK CHARACTERISTICS AND TRAINING METHODS

Analyses were conducted to examine the effecis upon acquisition and
transfer criteria of variations in task characteristics and training
methods. The data were analyzed using three designs which permitted
examination of the interactions among these classes of variables
(Appendix C).

In preparing for these analyses zero-order correlations were com-
puted between subjects’ acquisition and transfer time and error scores
on the one hand, and associative memory test scores on the other
hand. The latter measures were cobtained with the expectation that
they might serve as useful covariates, by means of which differences
in performance which were not functions of the experimental treatments
per se might be controlled for. The correlations between the covariate
and variate measures, however, were essentially zero, indicating that a
covariate adjustment of the performance data would have little utility.
Accordingly, analyses of variance were conducted, the major results of
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TABLE S : MULTIPLE REGRESSION ANALYSES USING DIFFERENCE SCORES TO
PREDICT RAW TIME AND ERROR SCORES FOR FIRST, MIDDLEL, AND
LAST BLOCK OF TRANSFER TRIALS

(UNWEIGHTED DEI INDEX)

Indices*in order of
selection by step-wise
Criterion R R2 df F regression program
Time Scores

T2 ~ 717 514 3, 1 3'.87Jr ADISP, AC%, AFBR
Ts-6 .747\ .559 3, 1 4 .64+ ADISP, AC%, ADET
To-10 .805 .648 3. 11 6.76* ~ ADISP, AC%, AD%
I Error Scores
T1-2 734 .539 3, 1 4.29-+ ADET, AE, ADISP
Ts.6 - .810 .656 3, 11 6.99* ADEI, AE, ADISP
Hg_]o .794 .630 3, 1 6.24* ADEI, AE, ADISP

* Indices represent abso]uté differences between acquisition and transfer
tasks. '

+p. = .05.
*p, < ,01.
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TABLE 6: MULTIPLE REGRESSION ANALYSES USING ACQUISITION TASK INDEX
VALUES TO PREDICT RAW TIME AND ERROR SCORES FOR FIRST,
MIDDLE, AND LAST BLOCK OF TRANSFER TRIALS
(UNWEIGHTED DEI INDEX)
Indices*in order of
selection by step-wise
Criterion R. R2 df F regression program
Time Scores
T1.2 .835 .698 3, 11-  8.46% E, INFO, F%
Ts_g .820 .672 3, 11 7.53* E, INFO, F%
To-10 g8/ s 3, aaal E, TA, C%
Error Scores
T1.2 49 560 3,11 467l FBR, D%, M
T5.6 779 .607 3, 1 5.65~I FBR, D%, INFO
Tg-10 " .661 437 3, 1 2.84 FBR, INFO, E%
* Indices represent values on acquisition tasks.
Tp. = .05.
*p.= .01.
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which are presented in figures 15-19 for both acquisition and transfer
data.

ACQUISITION. The impact of task compiexity on acquisition criteria was
similar to that reported earlier for the transfer of training study.
Significant interactions between task complexity and trial blocks were
obtained for acquisition errors (F = 4.95; df = 6,144; p < .01) and
acquisition time (F = 6.57; df = 6,144; p ~<.01). The interactions
arose from a convergence in "simple" and “"complex" task performance .
over trial blocks. For example, on the first trial block a mean of
12.0 errors occurred on the "complex" task relative to 7.2 errors

on the "simple" task. On the last acquisition trial more errors were
still associated with the "complex" task (1.4), but the difference
between- the two was smaller (i.e., mean errors on the simple task =
0.3). Similar patterns were obtained for time measures.

Task embedding had no significant effect upon acquisition performance
for either error (F = .52; df = 2,36; p =.05) or time (F = .58; df = 2,36;
p > .05) scores. The lack of an error effect is comparable to Study 1
findings. On the other hand, the time effect found in Study 1 was not
obtained, a result which is attributable, perhaps, to the different
tasks used in the two studies.

Finally, there is evidence that training method affects the number
of errors made during acquisition (F = 3.53; df = 2,24; p < .05).
Most errors occug when the cold-panel method is used (mean = 3.71 errors).
The hot-panel and picterial methods are comparablie, producing fewer
errors (pictorial mean = 2.43 errors; hot-panel mean = 2.39 errors).

A more complete presentation of these results, however, is given in
figure 15, where errors are shown as a function of the interaction
between task complexity and training method. This interaction approached
significance (F = 3.02; df = 2,24; p= .07), and tended to indicate
that the relative inferiority of the cold-panel approach holds only for
the complex task situation. Training method did not infiuence performance
time during acquisition.

TRANSFER. Training task complexity has a significant impact on error
scores during transfer (F = 4.75; df = 1,24; p < .05). Fewer errors
(mean = 1.09? occur following acquisition training on a task more complex
than tha transfer task, and relatively more (mean = 1.89) after acquisi-
tion training on a task simplier than the transfer situation. These
results are similar to those reported earlier for Study 1, when both of
these tasks possessed a high -level of feedback.

Time scores during transfer are a function of an interaction between
acquisition task complexity and trial block (F = 4.25; df = 4,96; p < .01).
The initial spread between simple and complex tasks and their subsequent
convergence over trials are shown in figure 16. O0f particular interest
is the general facilitation in transfer performance time on a task of
-medium complexity, having practiced on a more complex task. These
results are highly similar to those reported earlier in figure 13 for
tasks possessing feedback. ‘
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Unlike the findings presented for Study 1, Study 2 data suggested that
neither embedding per se nor the level . f embeddinyg has any main or inter-
active effect on the errors made during transfer. In Study 1, embedding
interacted with level of feedback and trial block to affect error rate.
With respect to time scores, however, embedding of the acquisition task
interacts in a complex manner with training method and trials to determine
performance time during transfer (F = 2.58; df = 8,192; p< .01). This
relationship is shown in figure 17. Relatively faster performance time
occurs after training on the hot panei, but the advantage of this method
over the other two is moderated by embedding of the acquisition task.

The results just presented are the only case in which method of
training interacts with a task parameter to affect transfer error or
time. Consistently, however, training method interacts with trials to
determine performance during transfer. A significant training method
by trials interaction (F = 2.11; df = 8,192; p < .05) is shown in figure
18 for transfer errors. The relative superiority of training on the hot
panel early in transfer decreases over time. By the end of the transfer
period, the three methods are virtually the same in terms of error rates.
A significant training method by trial interaction for transfer performance
time (F = 2.60; df = 8,144; p = .01) is shown in figure 19 for the simple
task. Notice that the differernce in performance time between the hot-
panel and cold-panel groups is maintained across the entire transfer
period, while the pictorial group, after an initial retardation relative
to the hot-panel group, rapidiy converges with it.
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SECTION IV

DISCUSSION

In this section, the results detailed in Section III are reviewed for
Studies 1 and 2 separately. Their implications for task quantification and
performance prediction are then discussed. Finally, major conclusions

and impTications for further development and use of the predictive method-
ology are drawn.

FREDICTION OF ACQUISITION

In many respects the results of Study 1 corroborated those obtained
in Phase II (Wheaton and Mirabella, 1972). Consistently large and
intuitively systematic variations in performance were obtained as a func-
tion of task/trainer configuration. Once again these variations persisted
even when the effects of task length were removed.

Further indication of the reliabiiity of the earlier results was
obtained when a number of Phase II tasks were replicated and found to
yvield comparable performance curves. The strength of this stability
can be better appreciated if it is recalled that sample size per task
examined was very small, a situation.in which the 1ikelihood of distor-
tions caused by a few aberrant scores is high.

—~ The predictive power of the indices for skill acquisition was upheld,
with multiple correlations substantially the same as found in Phase II.
The pattern of predictors changed somewhat in Phase III, but this is
not unreasonable since the number of cases entering the regression
analysis nearly doubled and, moreover, the number of predictors
utilized was reduced from seventeen to fourteen. A more stable analysis
would be expected in this case, and this could very well be accompanied
by a somewhat different selection of optimum predictors. Accordingly,
the Phase III predictors for acquisition are to be preferred to those
obtained in Phase II. For example, DEI enters prominently in Phase III
among the predictors of both time and error scores. It did not appear
at all in Phase II analyses. Its appearance in Phase III, however, is
consistent with the greater variety of acquisition tasks since descrip-
tively it is the most inclusive of all 14 indices.

A number of indices were common to the acquisition analyses of
Phases II and III. 1In both phases, for example, E% was predictive of
both errors and time early in acquisition. Thus, the importance of task
embeddedness, assreflected by the E% index, was corroborated. Note here
that the relationship between E% and performance is inverse. That is,
both errors and task completion times are reduced as E% increases.

In other words, as task embedding decreases, performance during acquisi-
tion improves.

As in Phase II, the pattern of predictors was shown to vary across
criterion measures and across time blocks within criterion measures.
Thus, a simple figure-of-merit approach to device evaluation was not
supported, at least in terms of acquisition performance.
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PREDICTION OF TRANSFER

The suggestion in Phase II that the index battery might be extendable
to transfer of training criteria was upheld by the transfer analysis
of Phase III. Using task characteristic difference scores, very substantial
multiple-correlation coefficients were obtained for both performance time
and error, and across time blocks within criteria. These coefficients
were considerably stronger than for acquisition. Furthermore, consistency
of predictor sets was markedly greater. nnt only within criteria, hut
across criteria as well. DEI again was prominertly represented, an
encouraging finding since DEI is the most inclusive index in the battery.

. DET was particularly in evidence for error criteria, along with number of
displays and controls (E) and number of displays (DISP). That is, decreasing
differences between the acquisition and transfer tasks on the DEI, E,
and DISP indices were related to decreasing time and error scores during
transfer. The improved consistency found in these data, in contrast to
the acquisition analyses, providas corraspondingly greater encouragement
for a figure-of-merit approach when transfer of training criteria are
employed.

The ba]idity of the difference scores as predictors of performance
during transfer-has particular significance. GCne of the criticisms levied
against a task-similarity model of transfer of training is that similarity
is typically unquantifiable except for very simple laboratory tasks
(e.g., pitch discrimination). The current results provide an instance
in which it was possible to quantify similarity for a surrogate "real-
world" task and to predict performance with very high validity. High
validity was obtained notwithstanding an interaction between task com-
plexity and feedback, one of the underlying parameters used to manipulate
DEI. In the preliminary linear contrasts which preceded regression
analysis of the transfer data, it was found that absence of feedback
lights had a disruptive influence upon performance. The disruption was
greater for the complex than for the simple task. This interaction had
the effect of transforming DEI into a nonlinear variable vis a vis
performance error, thus reducing its power for 1inear regression. It
was for this reason that a linearizing transformation of DEI was attempted.
Substantial increases in the multiple correlations resulted from this
transformation as was shown in the contrasting multiple-correlation
tables. An alternative treatment would have been to develop two predictor
equations, one including feedback cases, the other including no-feedback
cases. However, sample size was too small to permit this approach.

The significance of the foregoing exercise goes beyond the feedback
issue, since obviously no training device designer is going to opt for
the removal of status indicators from a trainer console. But to the
extent that analogous effects can be identified and appropriately weighted
by the user of the indices, their predictive power will be increased.
Even with some index interactions, however, the data suggest that a iinear
regression model will still provide good predictability of transfer of
training criteria.
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STUDY OF TRAINING METHODS AS A FUNCTION OF TASK COMPLEXITY ;
In addition to its utility as a predictive tool, another potential -
value of task quantification is that it can aid significantly in studyifg
“interactions among the different classes of parameters which may impagt
upon device effectiveness. If, for example, one were interested in,
understanding how task complexity and training methods intersected, it
would be important to sample tasks over a broad range of complexity
levels. A quantification methodology can help insure that such a
range is covered and that the tasks studied do, in fact, differ signifi-
cantly. Study 2 was designed primarily as a demonstration of how the
indices could be applied to such a purpose.

The specific hypothesis of Study 2 was that the effectiveness of
dynamic procedural training versus static training would depend upon
task complexity as differentiated by the quantitative task indices.
The characteristic conclusion of studies of procedura’ training has been
that dynamic training is not cost-effective; namely. that acquisition
of skills and transfer to operational contexts are essentially as good when
mock-ups\are used for training (Grimsiey, 1969; Prophet and Boyd, 1970;
Bernstein and Gonzalez, 1971).

The results of Study 2 provide some support for the hypothesis of
an interaction between task parameters and method of training. During
acquisition, training method appeared to have a differential effect
for the complex task, with cold-panel presentation generating more
errors than either pictorial or hot-panel presentation. Clearer
support for an interaction is found in the transfer data where presence
or absence of task embeddedness generated a differential performance
effect for training methods. Dynamic presentation led to consistently
faster performance across transfer blocks than either cold or pictorial
presentation. Its superiority, however, was greater under the no-embedding
condition. g

Results of Study 2 were otherwise consistent with those of earlier
studies. For example, the training method by trials interaction found
for transfer was also reported by Bernstein and Gonzalez,(1971). 1In
both studies an initial advantage of dynamic training, particularly in
contrast to the pictorial method of training, rapidly dissipated.

The failure to generate more decisive data on the methods-by-task
interaction may in part be due to the difficulty in controlling indivi-
dual differences sufficiently. The covariate data (associative memory
tests) which were collected in an effort to reduce error variance proved
ineffective and could not be used for covariance analysis, as originally
planned.

The potential significance of task quantification for studying inter-
actions among major classes of variables is worth pursuing further. The
alternative which has commonly been employed, for iack of a quantitative
taxonomy, is to select tasks on an intuitive basis, and this is simply
not satisfactory.
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APPLICATION OF THE INDICES

Use of the indices (Appendix D) would be fairly straightforward
if the particular beta weights emerging from Phase III were to be
employed. These weights are presented in Appendix E. They can be
applied directly to the raw task index values which would result
from the analysis of two or more prototype devices. The resulting
predicted performance values would then provide a bhasis for at least
~rdinal comparison of the preiotypes.

At this level, the indices could be employed as one of several
tools to support the training expert's evaluation of alternative
prototypc devices. They might be employed, for example, to corrob-
orate or question judgments already established by other means.

More rigorous and confident use. however, requires cross valida-
tion on actual training devices. At least one reason for this require-
ment is that the range of index values employed in these researches
was notably smaller than the range which would be found for field
apparatus. For example, DEI ranged from approximately 5 to .20 in the
laboratory effort. Vdlues obtained on sonar trainers in the field
ranged from approximately 3 to 65. While this increased range should
maintain or improve the predictive value of the indices, it could
result in significantly modified patterns of predictors and/or beta
weights.

The predictive utility of the indices could be checked at several
levels. An initial level would include scaiing several prototype
devices via the indices, collecting appropriate performance data
(under conditions comparable to those employed in the original
validation), and then measuring transfer performance on some intermedi-
ate device. The SQS 26CX and the SQS-4 might serve as prototypes
with the $QS-23 as the transfer device. These would be particularly
convenient and cost-effective since task-analytic data are already
available (Wheaton and Mirabella, 1972). Similar procedures might
also be employed with other surveillance devices such as ECM or radar
which might, in fact, be preferable in order to test the generalitcy
of the predictive power of the indices.

Following such procedures, predicted and obtained performance
scores would be compared. If the number of test devices were extended,
then predicted and obtained performance scores could be compared
correlatively.

Stil1l a further Tevel of corroborative analysis would include new
estimates of beta weights based on a large sample (10 or more) of field
devices. Each of these would have to be scaled and then subjected to
performance tests. An alternative method would employ a smaller number
of devices, recorfigured in a variety of ways in much the same manner
that the synthetic sonar trainer was reconfigured to generate multiple
tasks (e.g., by masking various controls and displays or by modifying
the instructional sequences).
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CONCLUSIONS AND IMPLICATIONS

The current research effort supported by the work of the preceding
two phases provides a methodology for the predictive assessment of training
device effectiveness. These efforts have demonstrated the feasibility of
such a methodology by relating acquisition and transfer of procedural
skills to variations in fourteen quantitative task indices. It has been

possible to consistently obtain such relations using multiple regression
techniques.

While the methodology is available immediately for limited use on
the basis of laboratory validation, cross validation in the field remains
to be and needs to be conducted. The discussion section has outlined a
number of steps which can be taken in this direction. These include:

1. Applying the predictive methodology to several prototype

trainers and contrasting actual with predicted performance
scores.

2. Redetermining beta weights on a large sample of devices
or a small number of devices which have been re-configured

in the manner of the synthetic sonar trainer used in
this research.

Even as the methodology is put into use, further validation and develop-
ment would be of value. The thrust of such development might be to make
the methodology applicable to other than procedural tasks.

In closing this discussion, a philosophical note should be sounded.
The value of any tool for assessing training device effectiveness is
constrained by the total system within which training takes place. The
effectiveness of the predictions from the current methodology, for example,
could be negated if selection procedures resulted in a particular range
of student ability and that range were not taken into consideration.
That is, the methodology emerging from this program deals with a small
portion of the training systems probiem. It is felt, however, that the
portion covered is significant and important.
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APPENDIX A

Task Characteristic Indices




10.

11-13.
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¢ TASK CHARACTERISTIC INDICES

MAIN* - defined as the number of responses comprising the main or
dominant procedural sequence in an operations flow chart.

CNTG* - defined as the number of responses comprising the auxiliary
or contingency procedural sequences.

TA - defined as the total number of responses (actions) comprising
the procedural sequence in an operations flow chart. It represents
the sum of MAIN and CNTG.

CONT - defined as the total number of different controls manipulated
during performance of a subtask.

DISP - def1ned as the total number of d1fferent displays referenced
during performance of a subtask.

E - defined as the total number of different equipment elements
interacted with; this index is given by the sum of CONT and DISP.

LV - the link value reflecting the relative strength of the sequence
of use among the various controls and displays. As used here, it is
the sum of the products of the number of times a 1ink is used, and

the gercentage of use of the link (Fowler, Williams, Fowler, & Young,
1968).

AA% - an index reflecting the percentage of alternative actions
nresent in an operation. A score of "0% means that the highest

- number of ,aiternative links are used, each with an equal frequency

of use, and 100% score means there is only one link out of and into
each contro] with the same frequency used for all links" (Fowler
et al., 1968).

F% - another index (Fowler et al., 1968) describing the extent to
which all controls and displays are used an equal number of times
(0%) or a theoretically defined optimum number of times (100%).

DEI - a measure of the effectiveness with which information flows
from displays via the operator to corresponding controls. The index
yields a dimensionless number representing a figure-of-merit for the
total configuration of displays and controls (Siegel, Miehle, &
Federman, 1962b).

D%, C%, E% - defined respectively as the number of display, control,
or combined equipment elements which the operator actually employs
relative to the total number of such elements which are available
for use.
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14-17. CRPS, FBR, INFO, INST* - refer to the frequency with which the

operator makes various types of responses during performance of
the task. Included are responses involving manipulation of con-
trols (CRPS), securing of feedback (FBR), acquisition of informa-

%ion §INFO), as well as those primarily initiated by the instructor
INST).

* These indices were eliminated prior to analysis of Phase III data.
Two of them, MAIN and CNTG correlated almost perfectly with TA and

were eliminated for this reason. The third, INST, was invariant and
eliminated for this reason.
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APPENDIX B
Tasks Employed in Phases II and III
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"TASKS EMPLOYED IN PHASES II AND III

Three reference consoles provided the basis for the experimental tasks
of the laboratory portions of Phases II and III. These were defined as
the Complex (C) console, the Medium (M) console, and the Simple (S) console.
Using these basic consoles, twenty trainee tasks were generated via a
variety of manipulations. For example, indicator lights were retained
in either: (1) all panels (a); (2) every second panel (s); (3) every
third panel (t); or (4) none of the panels (n).

Tasks were also differentiated via different levels of embedding.
For example, the simple task could be embedded either in the medium
or complex console, while the medium task could be embedded only in
the complex console.

Finally, any task based upon any of the above manipulations could
he further reconfigured through the addition of special sequences of
contingency actions.

Thus, a task based upon the simple conscle with indicator lights
retained only on every third panel and with six additional contingency
actians would be designated as Simple-third plus 6 or Sy + 6. If the
same task were embedded in the complex console it would be designated
as Simple-third plus 6 embedced in complex or SEcy + 6.

LIST OF TASKS

Complex-all (Ca)

Complex-none (Cn)

Medium-all (Ma)

Medium-all embedded in complex (MEca)

Medium-third (M¢) .
Medijum-third plus 2 embedded in complex (ME.{ + 2)
Medium-none (Mp)

Medium-none embedded in complex (ME.n)

Medium-none plus 2 (M, + 2)

'10. Simple-all (Sa)

11. Simple-all embedded in medium (SEma)

12. Simple-all embedded in complex (SEca)

13. Simple-second (Ss)

14. Simple-second embedded in medium (SEms)

15. Simple-second embedded in complex (SEcs)

16. Simple-third plus 6 (St + 6)

17. Simple-third plus 6 embedded in compiex (SE.t + 6)
18. Simpie-none (Sn)

19. Simple-none embedded in medium (SEmn)

20. Simple-none embedded in complex (SEcn)

»

WRNOTO WA —
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APPENDIX C

Data‘ Arrangements Employed in the

Training Methods Study
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DATA ARRANGEMENTS EMPLOYED IN THE
TRAINING METHODS STUDY*

Analysis A
Method _ Task Complexity Level
| Simple (Sa) Complex (Ca)
Pictorial
Cold Panel
Hot Panel
~ Analysis B
Method Task Complexity Level
Simple (S) Medium (M)
No Embedding | Embedding | No Embedding | Embedding -
(Sa) (SEca) . (Ma) (MEca)
Pictorial
Cold Panel
Hot Panel
Analysis C
Method : : Level. of Embedding
No Embedding | Moderate Embedding | High Embedding
(Sa) (SEma) (SEca) g
Pictorial
Cold Panel
Hot Panel

* Note that these matrices are not entirely independent sitice some
experimental groups are used more than once.
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APPENDIX D

Application of the Methbdology
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APPLICATION OF THE METHODOLOGY

The purpose of this appendix is to outline the procedures required
to apply the 17-index battery developed by the project and to define some
constraints on its use.

First, it should be emphasized that the battery is most applicable
to procedural tasks. Results of the field studies indicate that some tasks
such as target recognition are not well differentiated on the basis of
these particular indices.

Second, it should be noted that a figure-of-merit approach, in the
most literal sense, is not appropriate. Our research showed, at least
for the limited set of devices looked at, that sub-tasks must be defined
for the device to be quantified. The indices are then applied to the
sub-tasks rather than to the device as a whole. Thus device evaluation
may require multiple judgments, or at least a sub-task specific judgment.

Third, multiple criteria of device effectiveness are potentially
available. A choice among these is necessary since the pattern of pre-
dictors may change from criterion to criterion. In particular, the
different criteria include measures of speed and accuracy at various
stages of training and transfer.

PROCEDURES FOR DEVICE QUANTIFICATION

STEP 1: TASK DEFINITION. Define the tasks or sub-tasks associated with
the devicer These usually will consist of conventionally recognized sets
of operations. The distinctions among the sets often will be made
arbitrarily, but unavoidably in order to carry out task analysis. Thus
for surveillance trainers, sub-tasks would include set-up, detection,
localization, and classification. For flight trainers, the sub-tasks
might include set-up (check-out), take-off, landing, emergency procedures,
and navigation. The quantification procedures require that the sub-tasks
be viewed as independent, even though in an operational sense they overlap
or interact.

STEP 2: DATA COLLECTION. Data collection consists of completing the
appended Task Analysis Data Form (Appendix D-1) for each sub-task to be
examined. Identification information is entered at the top of the form,
and in the table below, each sequential response in the sub-task is listed
and described.

The data collector begins his operation by labeling each display
~and control on the panel under consideration. Where distinctive parts
of a given display or control are identifiable each part is given a
separate nunber. For example, on a time-bearing paper recorder, equipped
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with a bearing rate indicator, the T-B chart and the B-R indicator are
labeled separately. *

A qualified instructor then proceeds to describe the specific
sub-task, after being provided with the appropriate instructional set.
That is, he must view the sub-task as independent of other sub-tasks
and he must sequentially name and describe each response. In each
statement, the instructor should name the equipment element, its
assigned number, the action involved, the number of states which the
display or control can assume, and the number of states which the trainee
is normally called upon to.deal with. Where contingency actions follow,

each contingency should be described in the same amount of detail, as
indicated above.

For example, the instructor might say:
"Turn No. 1, the on-off switch to the ON position".

Check No. 2, the POWER OM indicator for a red indica- ‘
tion.

Read No. 3, the POWER LEVEL METER for voltage level,
Meter is ca]1braf‘d in..10 volIt units. Meter is

normally read in .50 volt units. Voltage range
is 0 to 10 volts.

If meter exceeds 5 volts, turn No. 1, the ON-OFF switch
to the OFF position and request maintenance. Other-
wise, proceed to next action.

These statements would be summarized by t“e data collector as shown
in the appended Task Analysis Data Form (Appenuix D-1).

* The data collector will generate a Tist of all displays and controls.
For each equipment element in the list the following data should be
recorded.

a. The labeled code number of the control or display
involved in the response action (i.e., 1, 2, 3, etc.).

b. Designation of the equipment as a control, a display,
or a combination of both (i.e., C. D. B.).

c. The nomenclature of the equipment involved (i.e.,
sea-state noise level fi]terg.

d. The type of hardware which the equipment represents
together with the states it can assume {i.e., a ten
position rotary knob - 1, 2, . . ., 9, 10).

This listing can be facilitated by a form similar to the one shown in
Apperdix D-2.
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-STEP 3: DATA FLOW CHARTING. The information provided by Appendix D-1
can be collected in the alternative form of a flow chart. This form is

?artigularly useful as an aid in generating the indices of Fowler, et al.
1968).

The flow chart consists of a Tinear sequence of circles and squares
representing main line actions or responses. Squares represent display
readings or judgments while circles represent manipuiations of conlrols.
Contingency actions are shown by squares and/or circles displaced oclow
the main line of action, and connected by dotted lines. Thus the data
in Appendices D-1 and D-2 would be represented as follows.

Power on Power on Eowe;
Switch Indicator ' eve
Meter

I
!
|
|
[

W

Voltage exceeds 5.0

NN

Additional detail on this procedure is provided in Wheaton, Mirabella and
Farina (1971).

STEP 4: COMPUTATION OF DISPLAY EVALUATIVE INDEX (DEI). The amount of
detail ‘and complexity involved in computing the index are too extensive
for presentation here. The reader is therefore referred to the manual
authored by Siegel, Miehle, and Federman (1962b). The manual contains
step-by-step instructions for applying DEI, plus computational examples
and a glossary. Additional information is provided by Wheaton, Mirabella,
and Farina (1971). However, the steps in this application will be out-
Tined here.

DEI is a method for measuring the effectiveness with which informa-
tion is transmitted between an operator and his console. It is a dimension-
less index varying from 0 to 1. In general, the technique requires that
displays be represented symbolically in one column, controls in an adja-
cent column, and a variety of links drawn- between the displays and con-
trols. These Tinks are then quantified and tabulated in a variety of
ways to arrive ultimately at a single value. The initial representation
of displays and controls is in the form of a Transfer Chart (Appendix
D-3). Here displays are shown by circles on the left, controls are shown
by triangles on the right, with intervening operations represented beiween
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them. These operations include computations, comparisons among displays,
combinations of display readings and table look-up operations. Links are
drawn from display symbols to intervening symbols, and from intervening
symbols to control symbols. Links are also drawn directly between dis-
plays &@nd controls.

Quantification proceeds with the aid of a Tink table (illustrated
in Appendix D-4). Here the links are listed and quantified in a variety
of ways. These include display and/or control resolution which is the
logp n, where n is the number of states that a display or control can
assume. This value is calculated for each display and control. Any
discrepancy between these values for a given link is listed in the
mismatch column. Next a link weight is assigned, depending upon the type
of link involved. Definitions of the different link types and their
weights are given in Siegel, et al. (1962b).

Finally, a DEI worksheet (illustrated in Appendix D-5) is prepared.
The computations listed in this worksheet are based upon information in
the transt¥er table.

STEP 5: COMPUTATION OF PANEL LAYOUT INDICES. Details and illustrations
of this procedure are presented in Fowler, et al. (1968) and in Wheaton,
Mirabella and Farina (1971).

Many of the indices developed by Fowler, et al. {1968) are based
upon the concept of a link. A link is defined as the hand movement
between two controls and the eye movement between two displays or
between a display and a control. Links involved in the main sequence of
actions are represented by solid lines. Those occurring in contingency
sequences are represented by broken lines.

The first step in deriving many of the indices is to convert
flow chart information into a Link Value Table (Appendix D-6). Each
link in the flow chart is listed in coded form in column 1 of the Link
Value Table. The first number in the code refers to the display or con-
trol from which a given link leaves. The second number refers to the hard-
ware component which the 1ink then enters. In columns 2, 3, and 4 the
following data are recorded for each link: (1) the number of times the
link is used; (2) the relative percentage of use of a link leaving a
given control or display; and (3) a 1link value which is, the product of
data recorded in the second and third columns. In columns 5, 6, 7, and 8,
check marks are entered to indicate whether each 1ink value is: (1) the
maximum value Teaving a control and entering a display; (2) the maximum
value entering; (3) the maximum value leaving; or (4) none of the cases
above.

The information in the Tink table is used to generate a panel lay-
out diagram in which controls and displays are oriented according to a
sequencing principle/technique. Based upon this principle, displays and
controls are arranged from left to right or top to bottom according to
a series of rules described by Fowler, et al. (1968). Solid lines
indicate Tinks which move from left to right in accordance with the
sequencing principle. Broken lines indicate 1inks which move left,
directly up or down, or which move right but bypass onc or more controls
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or displays. These latter Tinks are in opposition to the sequencing
principle and represent breaks in the_o?eration sequence. From this
layout and the link table, it is possible to compute LY, AA% and F%.

STEP 6: DERIVATIVE INDICES. The indices of Siegel! and Fowler represent
four of those in the battery: DEI, AA%, F%, LV. The remaining 13 indices
are derivatives of the methodology involved in the first two cases. They
are obtained in the following manner.

Total Actions (TA) equal the sum of all links defined by the Fowler
link chart. These consist of primary (MAIN) and contingency (CNTG)
responges.

Numbers of controls {C), displays (D), and their combination (E) are
obtained by counting circles and squares in the Fowler panel lay-out
chart. The total numbers of displays and controls for the (D%), (C%),
and (E%) indices are proportional values based upon those used relative to
those available on the operator panel under consideration. :

Number of Control Responses (CRPS) equals the number of. 1inks
entering circles on the sub-task flow chart.

Number of feedback responses (FBR), number of information acquicition
responses (INFO) and number of instructor initialed responses are ob-
tained from the Task Analysis Data Form (Appendix D-2}.
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APPENDIX D-3

TRANSFER CHART FOR DEI

Device Date
Sub-Task Location
: Intervening
Displays Processes Controls
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APPENDIX D-4

LINK TABLE FOR DEI

Sub-Task Page Number
- Link
Link No.{Link Type Display Info Control Info MisMatch| Weight |
No. States{No. DigitsiNo. States{No. Digits (| Mil) | (Wi)
| : i
= 2|Mi! = dWi=
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APPENDIX D-5
DEI WORKSHEET

PDate

Device Number
Sub-Task Page No.
Np=(ntm)u= .. oo (N7)
Sum [mil ... ...
/4 Sum jmit . . . ... ..
Ny = exp (- 1/4 Sum imif) L. e e e e e e e e e (N2)
Ng = (T+wi) ..o (N3)
Ng=(N) oo e e (Ng)
Ng=(n+m)t . ... (Ng)
(Q) =
(ny) =
N =(Q+ny) ..o (Ng)
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APPENDIX D~6

LINK VALUE TABLE

2 3 4 5 6 7 8
i Max. Link| Max. Link| Max. Link
! No. Times Link Value Value Value :
‘Links | Link Used| % Use| Value| In & Out | In Only Out Only { Remainder
1-2 2 -100 200
2-3 1 100 100
3-1 1 100 100
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APPENDIX E

Multiple Regression Equétions
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the interaction of task variables and other train-
ing system varisbles. A demonstration of this ap-
‘ plication was carried out in which training method

function of task complexity. Re-
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for the hypothesis that the effectiveness of dyna-
mic versus static procedural traininyg varied with
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