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ABSTRACT
The planning activities in this research program

included a review of the applied and theoretical literature in the
field of learning, retention, and training, a selection of an
appropriate taxonomy of tasks, a survey of Naval jobs to determine
critical tasks from the standpoint of training, a series of technical
meetings with consultants, and a conceptual design for a general
purpose computer-based, experimental apparatus. Two experiments were
designed and conducted in order to try out the newly developed set of
research requirements and to provide a data base for subsequent
investigations. These experiments dealt with training and transfer of
procedural skills. At the end of the fiLst experiment subjects were
asked to suggest ways of improving the effectiveness of training.
These suggestions were used to acdify training for the second
experimental group, On the basis of these experiments it was
concluded: that trainee feedback can be of value in increasing
training effectiveness, that "imagery" can play an important role in
promoting procedural skills, and that training effectiveness can be
achieved through the use of low-cost paper and pencil simulation of
the operational task. (JY)
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FOREWORD

LCN This proje!..t is concerned with developing and instituting e program
CD of research on human learning, retention, and transfer which will lead
LC1 to improved training methods for the Navy.
CD
CD This report makes a good start toward developing a comprehensive
Lai plan to guide the design of research on learning, retention, and transfer

of military skills. The report: (1) identifies four types of tasks as
the most critical ones to study in this program of research; (2) offers
informational papers on each of these four task types, as well as on
related topics, composed Ey experts in the field especially for the pres-
ent project; (3) contains an extensive (albeit incomplete) bibLiograpLy
related to the study of learning, retention, and transfer for military
training purposes; (4) presents alternate conceptual plans for the design
of systems of experimental materials which can be used to effect any con-
ceivable experiment under this project; (5) suggests a set of guidelines
for the design of the experimental research.

Furthet, the experimental phase of the research program has been
initiated with two experiments. One of the outcomes of these initial
experiments is to bring us closer to defining the conditions of fidelity
that arc required for effective training. In addition, the experiments
tested rho value of a new approach (called "imagery") to the old training
practice of providing visual aids to the trainee.

It is critical to the mission Gf the NAVTRADEVCEN to have informa-
tion about the nature and effects Gf training variables end techniques
(such as fidelity of simulation and "imagery") on the learning, reten-
tion, and transfer of military-type tasks. or the most part, such
information it sorely lacking. Thus, because this information must be
painstakingly acquired through research and because of the broadness of
scope of the research area, it is especially important to have a plan
for the research which is attuned to the present state of the art and
which serves as a rational guide toward the goals. The plan for
research presented within will be expanded and perfected as the necessity
to do vo .a indicated. Future research will pursue the lines of investi-
gation opened by this year's work and extend the scope of study to include
other training and task variables of relevance to military training.

AA 1 11,/au,0444,

ARTHUR S. BLANES
Human Factors Laboratory
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SECTION I
INTRODUCTION

STATEMENT OF THE PROBLEM

For training technology to provide a useful basis for the design of highly
effective training systems, a sound data base of principles relating to learning,
retention, and transfer (L, R, and T) processes needs to be established.
Because of the large number of variables affecting L, R, and T, any attempt
to provide a useful data base for appflcation to the wide variety of Navy activi-
ties would require a systematic and long-term program of research. The
Naval Training Device Center (NTDC) has awarded to Honeywell inc. a con-
tract for the development of such a program of research.

This program would draw from and build upon what has already been done in
L, R, and T. It was therefore decided that a major portion of the first year
would be devoted to research strategy formulation. Experimentation during
the first year was viewed in part as the preliminary steps of a validation pro-
cess for the research strategy.

This research program, although initiated by Honeywell, will at some suture
time becoma an in-house activity of NTDC. Therefore, the development of
the program has been closely coordinated between Honeywell and NTDC.

BASIC APPROACH

Activities for the first year of this program included two basic tasks, the
implementation of five planning techniques, from which the research strategy
could be de _loped, and the conduct of two initial experiments, for validation
of the strategy.

The following five mechanisms provided data for setting long-term research
requirements:

Brief Review of the Relevant Literature -- The major purpose
of the literature review was to deter.r ine the extent to which
psychological research has produced useful principles for
training system designers. A second purpose was to find out
what information previous research could furnish concerning
variables which affect learning, retention, and transfer, i.e.,
experiments which have dealt with L, R, and T within the same
experimental design.

Selection of an Appropriate Taxonomy of Tasks -- Because of
tre7via1.7iriety of traineny the Navy, it is important
that research findings be organized as they relate to various
classes of behavior. To provide a consistent basis for behavil.r
categorization, it was deemed necessary to select a taxonomy
of tasks. A well defined list of task categories permits the
organization of research findings so that they can be effectively
applied to the skills required in Navy jobs.

8
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Survey of Naval Jobs to Determine Critical Tasks from the
Standpoint of Training -- Because of the breadth of the field
encompassed by this program, it was necessary to be highly
selective in the initial research problems studied. The pri-
mary basis for selection was the types of tasks to be investi-
gated. The decision was made to select for study critical
Naval tasks, and tasks which present major problems in
training, on the basis of an existing taxonomy.

Organization and Management of Technical Meetings with
Consultants -- A series of technical meetings was planned to
aid in selection of research problems having maximum priority
and to help develop a long-term research strategy. Partici-
pants in these meetings were acknowledged experts from each
o' the major areas defined by the three previous planning activi-
ties. The basic goal of the L, 13, and T meetings was to provide
cmcentrated technical sessions by drawing from the knowledge
o:: prominent psychologists associated with military, industrial,
a academic institutions. Such an approach is regarded as
r-r ore effective than the use of consultants on an individual basis,
a procedure which forfeits the benefits of group interaction.

Conceputal Design for A General Purpose L, R, and T Research
Apparatus -- Because of the long-term nature of this program,
n seemed advisable to anticipate the apparatus problems pro-
duced by the study of a variety of behavior categories. With
such planning, the building of a separate apparatus for each
program phase could be avoided. Furthermore, by developing
an integr,ted system it would be possible to study complex
tasks and jobs composed of two or more tasks. On this basis
t", study was conducted to generate requirements for the design
of a general purpose L, R, and T research apparatus.

After thee activities were completed, two experiments were conducted. These
experiments were designed to reflect program requirements generated as part
of the research strategy. Moreover, the initial experiments provide a data
base for later research.

2
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SECTION II

PROGRAM PLANNING PHASE - DEVELOPMENT
OF A RESEARCH STRATEGY

PROCEDURE

All of the planning mechanisms described earlier were designed for the same
basic purpose, to aid in the development of a sound set of program require-
ments for L, R, and T research. These activities were by no means conducted
independently of each other. However, for simplicity, each is described
separately here in terms of procedures, results, and conclusions.

Literature Review

A review of both the applied and theoretical literature on L, R, and T was
initiated at the outset of the program A bibliography of L, R, and T books
and research reports is contained in Appendix A. It very quickly became
apparent that establishing criteria of relevance was a major problem. It was
clearly necessary to be selective because of the abundance of research
involving learning, retention, or transfer. On the other hand, virtually no
experiments were discovered which attempted to establish parametric rela-
tions among variables affecting learning, retention, and transfer. Therefore,
the bibliography is merely a representative list of relevant publications and is
not intended to be exhaustive.

The survey reinforced Mackie and Christensen's (1967) finding that psycho-
logical research has traditionally failed to provide results which are transla-
table to principles for training device and training program designers. A
number of problems to which the present research program must address
itself, before translatable research can be accomplished, were identified in
the literature review. These include the following:

Experiments have traditionally concentrated on the effects of
a variety of stimuli on performance during learning, after some
retention interval (memory), or on some transfer task. Only
a very limited attempt has been made to determine the extent to
which conditions which benefit learning are also the conditions
which facilitate retention and transfer. However, those studies
which have examined this problem suggest that, in general, the
better the original learning, the better the retention (Deese and
Hulse, 196?). This idea is reflected in the term "resistance to
forgetting or extinction" in relation to the degree of original
learning. Moreover, the assumption is often trade that transfer
is limited by retention. One notable exception to this assump-
tion was a finding by Bunch (1936) which showed a significant
decrease in savings score (improvement on retention test over
equivalent point during acquisition) as a function of length or
retention interval but very little change in amount of transfer.
Also, there is some evidence that conditions of high intratask
interference during learning facilitate intertask transfer (Battig,
1966). Further research aimed at understanding the basis of

3
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exceptions to the general rule that learning limits retention
and transfer seems warranted.

A major factor associated with the applicablility of research
findings is the extent to which the laboratory representation of
a task is related to the operational task. For example, it is
likely that findings from laboratory studies employing nonsense
syllable list learning have very limited applicability to the pro-
cedural learning involved in the job of the air traffic controller
or the sonarman. For training effectiveness to be improved, it
is necessary that laboratory research use tasks which, relate
to tasks performed by Navy personnel.

Closely related to the previous point is the fact that a fully
satisfactory taxonomy of tasks is not presently available.
One approach to developing a suitable taxonomy is to group
tasks according to common principles. The taxonomy con-
struction should, therefore, be coordinated with an active
research program. However, the development of such a tax-
onomy is not considered a task of the L, R, and T program.
The literature review did, however, reinforce the previously
expressed need for obtaining a taxonomy which could relate
tasks studied in the laboratory to tasks performed by Navai
personnel.

Psychological research is often designed to answer some uasic
theoretical question about L, R, and T. This kind of theory
testing has often had very little utility for training technology.
The designer of training programs operates on a pragmatic
basis. He primarily needs inforination on techniques of training
which promote retention and transfer, as opposed to underlying
theoretical explanations for the superiority of one technique over
another. For this reason, the selection of variables for sti dy
in the present program should take into consideration operational
factors, i.e., those which affect training effectiveness.

The traditional model of transfer proposed by Osgood (1949)
has been tested experimentally in a number of studies. In
general, the model has fared well. The problem is that,
again, the laboratory conditions of similarity between task
elements lack translatability to the operational setting. Recent
approaches to the problem of understanding the conditions which
promote transfer (Wittrock, 1 96 8) seem more applicable to the
problems of Naval training. One of these newer approaches is
termed mediated generalization and is based on the idea that
language permits man to generalize and discriminate among
situations. A second approach (Gagne and Paradire, 1961)
views relatively complex learning situations as habit hierarchies,
with superordinate skills depending on transfer from subordinate
skills.

4
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In the area of cognitive skills involving language,
psychologists are becoming increasingly aware that subjects
are not passive in learning situations. Marx (1969) recently
emphasized this point when, referring to subjects, he stated:

"He selects stimuli; he chooses certain items to
work with first; he uses mnemonic devices and
codes and mediates relations between items; and
sometimes he reconstructs, on the basis of linguistic
knowledge, what he has learned witholic actually
remembering much more than the substance of what
he has studied. Sometimes these operations on the
part of the learner are referred to as 'strategies'
(p. 364)."

Marx goes on to state that although the scientific investigation of learning and
memory have revealed a significant amount of knowledge about underlying
processes, the restricted conditions of the laboratory (control of strategies)
permit few generalizations to the real world. For the L, R, and T program
to have relevance to the Navy's operational training problems, further knowl-
edge about strategic behavior as related to a wide variety of independent vari-
ables is necessary.

Task Taxonomy

The literature regarding task taxonomies was reviewed to find the most suitable
taxonomy for relating laboratory findings to specific Naval tasks. The U. S.
Air Force was recently concerned with essentially the same problem, leading
to a review of existing task taxonomies. This review, by Ginsberg, Mc Cullers,
Meryman, Thomson, and Witte (1966), concluded that no single taxonomy is,
in an overall way, clearly superior to any other. The most serious problem
with these taxonomic efforts has been the absence of empirical validation.
There is no apparent way to judge the extent to which a taxonomy successfully
categorizes behaviors based upon its ability to predict behavior from existing
experimental data without a systematic set of validation experiments.

Selection of a taxonomy for use in the L, R, and T program was, therefore,
not made in terms of established predictive velidity. Th' taxonomy chosen,
that of Willis and Peterson (1961), was specifically developed to provide guide-
lines for the development and utilization of training devices. Primarily for
this reason, this taxonomy seemed most suitable for the L, R, and T program.
This taxonomy also seemed to be a reasonable one in terms of the task/
behavior categories used. These categories are at three levels of specificity
(Figure 1), with the most general level containing three categories, Level II
having six subcategories, and Level III having 19 task/behaviors.

The 19 task/behaviors are combined into three matrices with 13 principles
of learning relating to stimulus manipulation, response manipulation, and
other experimental conditions. The fix-LA two matrices correspond to the
applicability (Figure 2) and predictability (Figure 3) of each task/behavior
with each learning principle, as indicated by entries in the 247 cells. The
third matrix represents a combination of the first two. From the third

* A further discussion on this topic is provided in Appendix B, p. p. 14-19.
5
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matrix, one may explicitly formulate inferences for training device utiliza-
tion. In a sense, this third matrix approximates the state of the art, as of
1961, for the relationship between learning theory and military training across
taxonomic categories of behavior. Little if any evidence suggests that this
situation has improved substantially over the last decade.
In general, the principles summarized by Willis and Peterson are so general
or are so irrelevant to the kinds of learning involved in Naval tasks that little
use of them can be made by training specialists.

Survey of Naval Jobs
The breadth of the field encompassed by learning, retention, and transfer,
made it necessary to be selective in chlosing problems and types of tasks to
study early in the program. Consistent with the idea that translatable research
should be based upon operational training considerations, the decision was
made to select experimental tasks which are representative of critical Naval
skills.
From job descriptions contained in the U.S. Navy Enlisted Occupational Hand-
book, a list of critical Naval jobs, with apparent training problems, was con-
structed. Honeywell personnel who have firsthand knowledge of the Navy
broadened the list to include commissioned officers. Each job was then ana-
lyzed in terms of Willis and Petersonts 19 Level III tasks. A frequency count
of tasks occurring in critical jobs was used to produce a rank ordering of the
19 tasks. This priority listing, which was reviewed with NTDC personnel for
confirmation, is contained in Table 1. The tasks found to be of highest
priority were the following:

Recalling facts, principles and procedures
Recognition/identification - nonverbal cues
Detection - nonverbal cues
Symbolic data operations (problem solving/decision making)

Moreover, this analysis suggested that a general situation with which the L,
and T program should concern itself, is one in which an operator is monitor-
ing one or more displays which present relatively infrequent signals that must
be rapidly detected, accurately categorized and, depending on the categcry with-
in which they occur, responded to with the correct procedures. Problems
associated with the selection of procedures involve symbolic data operations
and vary in type depending upon degree of uncertainty and knowledge of alter-
natives. Examples of operational situations of this type include radar, sonar,
and ECM system operation. While it is recognized that operators must fre-
quently operate in a Lime-sharing fashion, the initial L, R, and T should t -
devoted to the study of relatively "pure" tasks. Once sufficient data has /-
vided an understanding of single tasks, they can be combined to form con )lex
jobs.

L, R, and T Technical Meetings
Topics covered at these meetings were selected on the basis of the survey of
Naval jobs. Each of the speakers and discussants is a recognized expert in a
category of taxonomic behavior. The task of the speakers was to provide a
review of the current knowledge in his area, of specialization and to make
recommendations for research. The following is a list of participants and
their topics:
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General Research Strategy K. L. Laughery - paper
State University of N. Y. at Buffalo
W. H. Teichner discussant
American Institutes for Research

Implications of CAI,
to L, R, and T

Vigilance and Signal Detection

Decision Making

Pattern Perception

L. M. Stolurow paper
Harvard University
D.J. Klaus discussant
Underwood Olivetti, Inc.

J. S. Warm paper
University of Cincinnati
H. J. Jerison - discussant
University of California, Los Angeles

A. F. Kanarick paper
Honeywell Inc.

M. D. Arnoult - paper
Texas Christian University
H. C. Ellis discussant
University of New Mexico

Procedural Skills P. W. Fox paper
University of Minnesota
G. E. Briggs - discussant
Ohio State University

In addition to the speakers and discussants, several scientists from indus-
trial and government laboratories were invited to take part. Although these
guests did not make formal presentations, they did participate in the discus-
sions. The following individuals were present:

G. L. Bryan - Office of Naval Research

H. J. Clark - U.S. Air Force, Wright Patterson AFB

W. L. Fox - Human Resources Research Office, George
Washington University

C. M. Harsh - Office of Naval Research

E.I. Jones - U.S. Navy Personnel Research Activity

T. Mara - General Dynamics, Electric Boat Division

A. F. Smode - Dunlap and Associates

The following NTDC and Honeywell scientists were also in attendance:

A: Blaiwes - NTDC
B. R. Bernstein 7 Honeywell
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R. Feuge -tHoneywell

W. Lane - NAVTRADEVCEN

G. S. Micheli -iNiNTRADEV0EN

3.3. Regan NATIRADEVOEN

L. P. Schrenk - Honeywell

The conference took place over a three-day period. A court stenographer
recorded the proceedings and prepared a verbatim transcript. Copies of the
transcript were distributed to the speakers and discussants after the meetings.
Each participant made any necessary modifications to his paper and prepared
summary statements expressing his views on the other topics covered at the
Technical Meetings.
A report of the L, R, and T Technical Meetings is included as Appendix B.
The basic conclusions from the meetings are as follows:

The majority of participants agreed with the necessity for
selecting research problems on the basis of operational
training considerations. Thia approach was suggested in con-
trast with the more traditional tendency of allowing theoretical
issues to dictate experimental questions. Some attendees felt
that useful theories would emanate from this more pragmatic
type of research.
The original intent of this program was to establish principles
describing the relations among variables affecting learning,
retention, and transfer. A number of participants contended
that transfer should be given primary concern because all
training programs ultimately lead to the transfer of knowledge
in some operational situation. Also, because transfer is in a
sense a measure of retention, to measure retention separately
from original learning may at times be unnecessary. Further,
it was suggested that retention of a transferred skill is more
important than the retention of training content because training
effectiveness is measured in terms of performance on the
criterion task.
The point was made that, until now taxonomies have been
organized on the basis of apparent similarities and differences
among tasks. Moreover, such taxonomies tend to reflect the
ingenuity of specific authors in applying some logical structure
to a wide range of behaviors. It has been very difficult to weigh
the utility of one taxonomy against another.
A classification system based upon fundamental processes of
behavior Should provide a more reliable framework for charac-
terizing tasks. An alternative approach is to develop a taxonomy
of process, in which similar behaviors are clustered according
to their underlying psychological mechanisms, e.g., snort-term
memory, association formation, logical deduction, etc. To
accomplish this requires research to discover the nature of these
mechanisms. This idea substantiates the earlier-stated con-
clusion, derived from the literature survey, that the development
of an adequate taxonomy requires close coordination with research
planning. Laughery (see Appendix B) suggested this approach as
an adequate means of solving the taxonomy problem.
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Several participants expressed dissatisfaction with the tradi-
tional S-R approach to research. The behavioristic treatment
of the human subject as a black box which responds to stimuli
in a very mechanical way appears to have a number of serious
shortcomings. There was considerable emphasis on explora-
tion of processes internal to the learner. References were made
to recent experiments which investigated the learner's ability to
employ various strategies in acquiring, storing, and retrieving
information. It was further suggested that valuable information
about such strategies could be obtained through post-experimental
debriefings of subjects. From these verbal reports, the experi-
menter may be able to identify alternative strategies for a given
learning situation.

Closely related to the previous point is the argument for
studying individual differences in L, R, and T. Only recently
has any real effort been made to determine the conditions of
learning which are optimal for different individual subjects.

Some discussion centered on the conditions of learning which
promote transfer. Issue was taken with the generally held view
that the more similar the original learning situation is to the
transfer situation the higher the percentage of transfer. Several
discussants viewed the intratask interference/intertask facili-
tation hypothesis as very relevant to the problems of military
training.

The traditional treatment of transfer has emphasized the trans-
fer of specific learning. The suggestion was made that the L,
R. and T program deal with nonspecific transfer; i.e. , training
people to become more effective learners. This concept is
sometimes referred to as "learning to learn". The implica-
tion of this idea is that it might be profitable to provide a type
of basic generalized training so that later specific training
would be more rapid and mote effective. Validation of this
idea requires that data be obtained concerning techniques of
effective learning (to be discussed later under the rubric of
learning strategies).

Although the majority of the discussions centered on stimulus
and 31" ganismi c variables, one particularly important point
was made regarding response parameters. Psychologists seem
to be far more concerned with measuring accuracy than with
measuring latency of responses. The suggestion was made that
both types of measures should be taken and related to one
another.

Another methodological consideration which is of major concern
to the program is experimental design. Because the number of
variables which could be investigated is enormous, it is most
important that experiments be designed for maximum efficiency.
Dr. Briggs recommended that L, R, and T investigators con-
biderthe advantages of randomized block designs, instead of

13
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full factorial designs. He argued that interactions tend to be
the exception rather than the rule, and fu-ther, that third- or
fourth-order interactions tend to be incomprehensible.

Apparatus Planning

The conduct of a system requirements study for an inte jrated, computer-
based, experimental apparatus has been accomplished at Honeywell's Marine
Systems Center. A report describing this activity is contained in Appendix C.

The. purpose of this apparatus is to permit L, R,and T research to be carried
out, over the long-term, without constructing a new piece of equipment for
each task. The device, for which a systems concept has been developed, has
been named the Job Training and Testing Console (JTTC). It is essentially
similar to several other automated laboratory systems rather than being an
advance on the state of the art. However, the concept is for a highly flexible
unit capable of representing each of Willis and Peterson's 19 task/behavior
categories. The recommInded configuration was developed by determining the
minimal number of display and response requirements and by analyzing the
tradeoffs existing among degree of automation, cost complexity, reliability,
etc.

PROGRAM REQUIREMENTS

From the foregoing discussion of planning activities, it is clear that conclu-
sions tended to complement one another. No fundamentally conflicting
recommendations resulted from the various planning efforts. Based on these
analytical efforts, the following list of program requirements seems justified:

Research will be aimed at determining parametric relations
among variables which affect learning, retention, and transfer,
but primary emphasis will be on transfer.

The design of laboratory tasks will be based upon the skills
required of Naval personnel in critical operational jobs --
signal detection, recognition/identification, procedural skills,
and symbolic data operations (e.g., decision making),

Variables of interest will be studied across taxonomic categories
of behavior, thereby aiding in the development of a taxonomy of
processes. Also, continued attention will be given to other efforts
at developing taxonomic systems.

Experimental variables will be selected on the basis of relevance
and criticality in operational training situations, e.g., fidelity
of simulation, time devoted to training, duration between training
and transfer to the operational task, etc.

Levels of variables to be studied will be based on operational
levels; e.g., task complexity, duration of training, etc., will
!+e- fixed on the basis of those operational jobs to which generali-
zation is desired,

14
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Research will permit, but not emphasi? PAraluatiun of the
utility of alternative theoretical approa. to transfer of
training, i.e. , identical elements theories, mediated generali-
zation, and habit heirarchies.

Research approaches will not be bound by the traditional S-R
paradigm but will treat the human organism as an active infor-
mation processing and storage system, capable of using idio-
syncratic strategies to facilitate performance. This includes
variables related to attention, concept formation, mediational
processes, information reduction and creation, and information
coding processes.

Measures of learning will be compared in terms of their ability
to predict retention and transfer.

Experimental designs will be selected with the realization that
no individual study is intended to stand alone; rather, each will
be designed to contribute to an integrated body of knowledge.

These requirements will apply to all phases of the program. It is necessary
to specify the features of the initial studies from these requirements. In
particular, it appears necessary to choose speefic variables on some rational
basis. Unfortunately, there is no simple set of rational criteria for selecting
variables. However, if the program is to be of a long-term nature, it is not
critical to justify the selection of one particular set of variables as long as it
is of unquestioned relevance and importance. The following list contains
variables which, because of their priority, are deemed appropriate to investi-
gate in early phases of the program.

Degree of similarity between training and transfer tasks (fidelity
of simulation)

Learning strategies, e.g., mnemonics, rehearsal, imagery

Type of task, i.e., taxonomic category

Complexity and difficulty of task

Amount of original practice

Instruction versus practice

Time interval between training and transfer sessions

Measures of performance (time versus accuracy) as related to
criterion of acceptable performance

Early experiments will ',end to be exploratory,i.e. , will tend to incorporate
more variables at fewer levels than later experiments, in order to identify
variables and procedures which seem promising. Those which fail to produce
Significant or practical effects will be dropped. Those which are effective will
be retained for more detailed study. Initial experiments will tend to be small,
thereby minimizing the time and money invested in thq study of high-risk
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variables. As experimental procedures become more refined and as hypotho-
sized effects become more certain, larger designs may be employed.

Earlier experiments will be designed to emphasize the relations between
learning and transfer. When a learning variable has been identified which
seems to be critical to transfer, further research will concentrate on estab-
lishing effects of retention interval. This approach is based on the fact that
retention, in the Naval training application, refers to the time elapsing
between training and transfer to the criterion task. There is thus no point in
obtaining forgetting curves unless it has been established that the variable in
question relates to the trainee& ability to perform the operational task on the
basis of the training he has received.

As was mentioned earlier, initial L, R, and T research will concentrate on
relatively pure task/behavior categories, e.g., detecting nonverbal signals,
making decisions - alternatives specified, etc. When the effects of relevant
variables have been established, categories will be combined to form more
complex tasks. This does not suggest that the combining of taxonomic cate-
gories must wait until all information about each has been obtained. Rather,
combinations can be studied in relation to relatively small sets of critical
variables.

Cne notable exception to this requirement has, however, already been made.
The recalling of facts, principles, and procedures, although existing as three
categories in the Willis and Peterson taxonomy, will be combined in the initial
procedural skills research. At present, there seems to be no basis for
assuming that memory processes vary as a function of whether the to-be-
remembered material is a set of facts, principles, or procedures. Murd :*

(1961) has shown that learning and retention do not necessarily depend on
number of letters or words. The critical variable is the number of subjective
units of information (chunks). For example, if an initial word triggers the
recall of the rest of a sentence, the sentence may be remembered better than
an individual word.

'rile construction of laboratory tasks will be, as stated earlier, based on oper-
ational tasks. Specific tasks will be patterned after Naval tasks possessing
the taxonomic behaviors. This t'equirement does not, of course, guarantee
that all research findings will have maximum generality to the corresponding
operational situations. However, high face validity should be a first step in
the development of basic research tools possessing predictive validity. In
any event, present-day Psychology offers no basis, other than face validity,
by which to determine the extent of generality from oue task to another.

The determination of predictive validity will be accomplished by applying prin-
ciples, which are formulated on the basis of L, R, and T research findings, to
the training of operators of Naval Systems. This validation will be done per-
iodically in the program to check on the utility of research results. In so
doing, it is hoped that a basis for defining the conditions for generality will be
established.

Four classes of behavior were determined to be critical from a training
stanc:point in the conduct of Naval tasks. Because of the limited resources
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available for this program, it is necessary, at least initially, to limit investi-
gation to only one behavioral class of tasks. Procedural skills (recalling and
using facts, principles, and proCedures) were chosen because of their ubiquity
in Naval jobs. Therefore, the initial. L, R, and T experiments will determine
effects of the previously listed high-priority variables on subjects' ability to
recall facts, principles and procedures in the operation of a system.

Procedural skills are suggested for study during both the first and second
years of the program. Initial research on some other category of skill may
begin toward the end of the second year. Symbolic data operations appears to
be a good condidate for a second task to be studied. Because of the dependence
of decision making and problem solving skills on the ability to recall proce-
dural information, the initial data may apply most directly to symbolic data
operations tasks. Moreover, it should be possible, with relatively minor
modifications, to use the task developed for the study of procedural skills to
study decision making and problem solving.

By the end of the second year of the program, an attempt will be made to test
derived principles in an operational training situation. The first step in
;accomplishing this validity check will be to survey Naval jobs for tasks con-
taining relatively pure procedural components. The validity of training princi-
ples will be assessed by designing an experimental training program including
the use of such principles. This program will be compared with a control
group undergoing training similar to that currently in use by the Navy.

The findings of validation experiments will provide information about the
translatability or L, R, and T research to Naval training. Limitations in
translatability will be analyzed to determine how future research should be
altered to increase its utility. In this way experimental tasks should become
increasingly better from the viewpoint of permitting research findings to be
translated into principles of effective training.

24
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SECTION III
EXPERIMENTAL PHASE - PURPOSE AND APPROACH

STATEMENT OF THE PROBLEM

Two initial L, R, and T experiments were run as a means of implementing the
plan of research described in earlier parts of this report. More specifically,
two fundamental purposes were served by L, R, and T Experiments I and II
(a) to demonstrate the feasibility of satisfying specific program requirements
which evolved from the planning activities, and (b) to provide an initial base of
data for the L, R, and T of procedural skills. The variables chosen for study
in the first two investigations were among those listed earlier as being of high
priority.

Fidelity of Simulation

A basic concern of training system designers is the extent to which the training
situation must simulate the operational task. Clearly, the training system
cannot provide perfect fidelity unless the operational system is itself the
vehicle for training. In general, fideliV of Simulation is correlated with cost
to produce training systems. To achieve high levels of cost-effectiveness,
only those characteristics of the operational task should be simulated which are
essential to produce ariterion-level transfer performance in a Minimum of
training time.

From both a common sense point of view and, to some extent, from a psycholo-
gical viewpoint, one would predict a greater degree of transfer the more
similar the training situation is to the operational situation.

According to Osgood's (1949) model, transfer is greatest when the stimuli and
responses of the two tasks are idenecal. More recent models based upon
similarities and differences in stimuli and responses (z.g., Houston, 1904,
and Martin, 1965) make essentially the same predictions.

A second conceptual approach to transfer of training research is the notion that
transfer can be achieved through "mediated generalization" (Wittrock, 1968).
The term "mediated verbal transfer", coined by Osgood (1961), is sometimes
used to refer to this same process.. The basic idea is that people can gene.al-
ize to and discriminate among different situations by abstracting features from
these situations and generating verbal descriptors. In this way, two tasks may
involve different physical responses yet can be represented by the same verbal
mediator. For example, in situation A, the subject must turn a potentiometer
in a clockwise direction to increase the intensity of a desired output signal.
In situation 13, a lever must be pushed forward to increase the signal intensity.
Because the population stereotypes for pushing forward and turning clockwise
are similar, i.e., resulting in an increased output, one would pi edict a high .

level of transfer from one of these tasks to the other.

Through mediated generalization it may be possible to train subjects to make
appropriate responses even though they do not practice the actual responses
during the training session. If true, this hypothesis would have important im-
plications for the training of NiVy equipment operators. If trainees can be
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effectively taught to operate hardware via a paper and pencil representation
of the task, significant gains in cost-effectiveness would be realized. Practice
on a paper and pencil simulation may involve writing the numbers of multiple-
position switch settings, checking controls selected, indicating the names of
controls activated, etc. During transfer, the trainee would be required to
translate the written farm of responding to the actual physical responses of
switch actuating, knob turning, etc.

The effectiveness of this kind of low-fidelity training was recently examined by
Grimsley (1969) on an operational U. S. Army procedural task. Grimsley
found no significant differences in criterim task performance among three
groups of subjects differing in the fidelity of simulation provided during train-
ing, for retention intervals of as tong as one month. One group was trained
on a functioning duplicate of the tactical equipment; the second leerned on a
nonfunctioning version; and the third group received practice on a full-size
artist's representation of the hardware.

Prior to Grimsleyls experiment, other studies of training effectiveness, with
relatively low-fidelity representations of the operational equipment, yielded
similar results (e.g., Mahler and Bennett, 1950; Newton, 1959; and Wilcoxin,
Davy and Webster, 1954). Each of these studies was performed with an actual
military system serving as the criterion task. However, the extent to which
the previous research involved procedural skills ..as varied from one experi-
ment to another. In other words, the tasks employed were not designed to deal
solely with the recall and application of facts principles and procedures.

The present investigations involved a task which was explicitly designed to
involve only procedural learning. If the results of this experiment are consis-
tent with those of Grimsley then it would suggest that results obtained from a
laboratory device can be comparable to actual military tasks when both involve
procedural learning.

Imagery

A second purpose of the initial L, R, and T experiments was to evaluate imagery
as a means of enhancing rapid learning and promoting transfer. In a recent
review article, Paivio (1969) cites an impressive list of experiments which
consistently indicate that imagery can play a major role in learning verbal
material. The learning involved in a procedural task is predominately verbal.
Therefore, it would seem that imagery could be used to advantage in the train-
ing of procedural skills.

Imagery, as related to retention, denotes the use of visual mental representa-
tions of relatively concrete objects as the mediator for storage. A familiar
example of this phenomenon is our ability to recall the number of windows in
a room though we have never bothered to count them. By visualizing the room
from memory, we may actually be able to count the windows from the mental
image.

Mnernonists (memory experts) are able to recall very long lists of ite,ns on a
one-trial learning basis. The essential technique is the so-called one bun,
two-shoe method (Yates, 1960. By associating the first item to be learned
with bun, the second with shoe, etc., and generating bizarre images to repre-
sent the associations, a seemingly impossible list of items can be learned
almost immediately.
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This technique appears to involve two essential features; (a) word pegs and
(b) mental visual representations. The word pegs are items which have been
previously overlearned, and therefore, the learner is able to relate new mater-
ial to old material with the old items serving as mediators for the new. The
use of images apparently provides a facilitating effect by making the to - be -
remembered association more vivid,

Senter (1968) conducted a list-lea ening experiment in which subjects were
trained to use this mnemonic technique and compared their performance with
control subjects who were not familiar with the use of imagery. The imagery
group exhibited much more rapid learning than the control group.

Paivio (1963) found that the image arousing potential (I) of word pegs was an
important variable independent of instructions to use imagery. More recent
list-learning experiments by Paivio (e.g., Paivio, Yuille and Madigan, 1968;
and Paivio, Yuille, and Smythe, 1966) provide clear evidence thr.t I is even
more powerful than meaningfulness au a determinant of learning.

It would seem that the mediational value of imagery could be applied to the
teaching of facts, principles, and procedures in at least two ways. One method
would involve the rote memory of lists of facts, principles, and procedures
by subjects who had been trained to use the one-bus, two-shoe technique. A
Second application of the imagery principle seems much less laborious for the
learner. In this ,:ase, a series of images describing the operation of a system
which the subject is more familiar with are provided. The more familiar
routine could act as a peg for the learning of the system operations being
trained.

Post-Experimental Reports

The third aspect cf these initial experiments involves the use of feedback from
Subjects as the basis of modifying the structure and/or content of training.
The basic question is whether subjects or trainees are capable of proV.ding
useful information to guide training system designers.

The notion of using trainee feedback as an aid to training system design is
related to the previously discussed topic of learning strategies. Because the
desigser of training programs, or the writer of experimental instructions, is
generally naive about strategies used by subjects in a given learning situation,
he cannot know hov training content can best be structured to facilitate the
use of effective strategies. It is not until the experiment is run and postexper-
irnental inquiry is made of subjects that the experimenter becomes at all
knowledgeable about the rules played by strategies in the learning task. Of
course, this information is wasted unless a second investigation is, run, making
use of strategic information.

The identification of effective learning strategies from subjects' post-experi-
mental verbal reports has been accomplished within a paired-associate context
(Martin, Boersma, and Cox, 1965, a, b; and Boersma, Conklin, and Carlson,
1966). Subjects P descriptions of their strategies provided the basis for a taxo-
nomy of associative strategies. The taxonomy contains seven categories of
strategic behavior ranked according to what the authors call cue complexity.
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The highest level of cue complexity -:orresponds to the imagery-based
mnemonic technique discussed earlier. Martin, et al. found a significant posi-
tive correlation between the level of strategy employed.;and speed of learning.

The present research is an attempt to determine whether subjects cen verba-
lize strategies in procedural learning in a fashion similar to that demonstrated
by Martin, et al., and Boersma, et al., in paired-associate learning. Asstun-
ing such information can be obtained, its value as a basis for modifying train-
ing programs may be empirically evaluated.

APPROACH_ TO THE PROBLEM

The approach taken in the study of procedural skills was to develop an appara-
tus which is similar in many ways to military equipment. The procedural
skills device would permit tasks to be performed which reqairee subjects to
learn facts, principles, and procedures and to use this information in the oper-
ation of the equipment. By creating a learning and transfer situation similar
to that found in the Navy, it increased the likelihood that the effects of those
variables studied could more easily be translated into basic principles for
operator training.

The Need For a Procedural Skills Task

The most basic requirement of a laboratory tztak involving procedural learning,
from which translatable findings can Le obtained, is the elicitation of behavior
comparable to that found in the operation of military systems. For the task to
be purely procedural, it is imperative that other categories of behavior con-
tribute as little variance to performance as possible.

To the knowledge of this writer, no such experimental device is commercially
available. Previous research on procedural tasks has been accomplished with
either existing military equipment (Grimsley, 1969), or an apparatus has
been fabricated in a laboratory (Brown, Briggs, and Naylor, 1963),
thereby remaining the property of the builders. It was, therefore, necessary
to design and build such a device for the L, R, and T program:

Although procedural learning is predominately verbal, there are major differ-
ences between military procedural tasks and verbal learning tasks traditionally
used in psychological laboratories. Because of these differences. described
below, a paired-associate or other form of list learning task was unsatisfactory
for the purposes of this program.

One such difference is in the size of the basic unit of learning. The most
commonly used verbal learning tasks employ paired-associate, free recall,
or serial anticipation techniques. For each of these methods, the verbal
unit is usually a trigram, syllable, or word. In contrast, the untt of learning
for procedural tasks is often a sentence or phrase containing a number of words.

While it is probably possible to structure the learning of facts, principles, and
prcicedures into one of the orthodox verbal learning methods, it would not seem
to be the best method of training. Because the information to be recalled is
necessary during the course of performing the job, training would probably be
more effective when practice in recalling procedural information is given during
the performance of the task.
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Another basic difference between verbal and procedural learning tasks has to
do with logical relationships among items to be remembered. Items in a list
of paired-associates have traditionally been unrelated. However, more recent
research, as discussed by Jung (1968), shows that when such relationships do
exist, learning is faster. In a procedural task, facts, principles, and proce-
dures tend to be related to one another in fairly logical ways, visually as a
function of the structure of the system. For this reason, knowledge of certain
relationships often triggers recall of specific items of needed information,

Finally, procedural tasks in the military differ from rote learning experimen-
tal tasks in terms of the content of what is memorized. Operators of com-
ple_c systems do not resort to memory for all information required for their
job because, often, there is simply too much to remember. In such cases, the
operator relies on reference material. When reference sources are available,
operators need only remember the location and nature of the information. In
verbal learning experiments, however, the learner attempts to memorize all
items contained in the list and, depending upon the method, sometin_ the
order of occurrence of the items.

Information availability may have implications for the criterion of performance
used in an investigation. In orthodox verbal learning tasks, the criterion of
learning is usually an accuracy measure, 1. e., either the number of trials
required to attain some level of accuracy or the accuracy achieved after a fixed
number of trials. Because information is more accessible in procedural
tasks, accuracy is probably not a very sensitive measure of performance.
Time would seem to be mere appropriate as the dependent variable.

Experiment I

Experiment I was designed as a pilot study for future investigations, using the
newly developed procedural skills task, and was designed to accomplish the
following:

Because this task had never been used before, it seemed
necessary to determine the presence of procedural prob-
lems prior to the introduction of experimental treatments.

Experiment I would provide baseline data on learning and
transfer. Moreover, by scoring subjects' performance in
terms of time and accuracy, it was possible to determine
the relative sensitivity of each measure.

Experiment II was to be a transfer of training design in which
performance during original training would serve as a control
for the respective transfer conditions, and therefore two sets
of equivalent problems were required. Experiment I was
designed to permit a comparison of performance on these two
sets of problems.

This initial investigation permitted the collection of post-
experimental verbal reports from subjects concerning their
use of strategies and suggestions for modifications to train-
ing. These data could then be incorporated into the design of
Experiment U.
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Experiment II

This investigation is the first experiment of the L, R, and T program designed
to provide data translatable into principles for military tz..aining. The follow-
ing hypotheeized principles were tested within a procedural skills setting:

Feedback from trainees can be used to improve the
effectiveness of training.

Imagery, when appropriately incorporated in training,
promotes rapid acquisition of skills and high-level
transfer effects.

Cost-effective training can be achieved by the use of
accurate paper and pencil representations of operational
equipment during practice.
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SECTION IV
EXPERIMENTAL PHASE - EXPERIMENT I

METHOD

Apparatus

The experimental task in Experiment I waa the operation, by the subject, of a
mock communication system. Two units of equipment constituted the apparatus;
the subject's console (Figure 4) and the experimenter's console (Figure 5). Fig-
ure 6 shows the complete laboratory facility.

Equipment operated by the subject included a panel of indicators and switches
(Communications Control Console) and an information display. The Communica-
tions Control Console (CCC), located directly in front of the seated subject,
housed all displays and controls necessary for operating the system. The in-
for mation display, which contained all the facts, principles, and procedures
was a Kodak Random Access Carousel slide projector and a 5 x 7-inch back-
illuminated Polacote screen. Subjects accissed 35-mm slides with a selector
located at the bottom left of the CCC. An index slide provided information
about the location of all other slides.

The experimenter's control panel was connected electrically to the CCC. The
experimenter's unit performed two functions, it permitted display of the
communications problems to the subject and it provided to the experimenter
information concerning the subjects' responses. A Hunter Timer, positioned
at the left of the experimenter's panel, was used to record the elapsed time,
to 0.1 second, from the presentation of a problem until its completion.

The CCC was arranged in three sections. At the left of the panel were three
displays (IEE readouts) which presented input information. One diriplay
showed the designating number of the initiator of the communication (sender).
Below the sender's number was the receiver's number. At the bottom left of
the CCC was P. readout which contained the priority of the requested trans-
mission.

The central part of the CCC contained 18 Microswitch transilluminated push-
buttons. Th..? top three switchlights were used to select a frequency for
communication between the sender and the CCC. Below the frequency selectors
was a 3 x 5 matrix of switchlights which performed the following functions:

They indicated which channels were in use and the priority
of the message in that channel. Message priority was indi-
cated by the color of the illuminated indicator. *

They were used to select a channel for transmission of messages
to receivers.

* Note - Each switchlight was divided into four sections. Priority one messages
were shown by the top two sections illuminated red, priority two was signalled
by green in the lower left section, and priority three gave a white indication in
the lower right section.
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Figure 5. Experimenter's Console...
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Figure 6. L, R, and T Laboratory
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The output section was located at the right side of the CCC Two 32-position
rotary twitches, called "patching dials," were used to select the number or
the sender and the receiver for each communication. Three Microswitch
switchlights were used for (1) connecting the sender and receiver, (2)
transmitting standby signals, and (3) transmitting busy signals. A momen-
tary pushbutton, at the bottom right of the panel ('transmit signal" switch)
stopped the timer, and thereby signalled the end of a subroutine.

Two sets of 30 problems (Set A and Set B) were used. These sets were designed
to be equivalent in terms of the principles and procedures used. They differed,
however, in specific ways, i.e. , in terms of the particular subscribers
involved and the priorities of messages occupying communication channels.
Within each set of 30 problems, 13 categories existed. These categories are
listed in Table 2.

The problem sets were divided into five subsets, each containing six problems.
Problems involved either one two or three subroutines. Each subset of
problems totaled 12 subroutines. In this way, it was hoped that each subset of
problems would be approximately equal in difficulty.

Subjects

Ten male subjects ranging in age from 18 to 25 were used in the experiment.
These volunteers were undergraduate students from the University of Minneso-
ta and Hemline University. Subjects were paid on the basis of their performance
on the task and were so informed prior to the start of the experiment. Pay
ranged from $2.50 to $4.00 per hour.

Procedure

The subject's task was to arrange for the transmission of messages from one
system subscriber (sender) to another (receiver). To provide the reader a
better understkading of this task, a task analysis was performed according to
Kurke's (1961) method for each of the operational sequences (Appendix D). The
task analysis also served as the basis for specifying the steps involved in ideal
operation of the system and was helpful in organizing the manual of instructions
used during training (Appendix E).

Modes of Operation -- Although there were 13 categories of problems, only
the following four basic modes of operation existed:

Subscriber to Subscriber (S-S) Mode
Subscriber to Terminal to Subscriber (S-T-S) Mode
Interrupt Routine
Deny Sender's Request to Communicate

The selection of the appropriate routine was dependent on subscriber operating
characteristics (language and operating frequency), priority of the requested
transmission, and availability of chars tels. Each of the 25 subscribers could
transmit or receive on one, two, or three frequencies, i.e., high frequency
(HF), very high frequency (VHF), and ultra high frequency(UHF). Each sub-
scriber was also associated with one of five languages, English, German,
Greek, Spanish, or Swedish. Language and frequency characteristics were
provided on the 35-mm slides and could be selected for presentation on the
information display.
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Table :1. Types of Problems Used in L, R, and T
Experiments I and II

Problem Type Number Presented

Subscriber to Subscriber (S-S) 4

Subscriber to Terminal to Subscriber 3
(S-T-S) due to language disparity

S-T-S -- due to frequency disparity 3

S-T-S -- due to frequency and language 2

S-T-S rather than interrupt 2

Interrupt (STBY)/SS 2

Interrupt (BUSY)/SS 2

Interrupt (STBY)/S-T-S (language) 2

Interrupt (BUSY)/S-T-S (language) 2

Interrupt (STBY)/ 5- T-S (frequency) 2

Interrupt (BUSY)/ S-T-S (frequency) 2

Deny Request (STBY) 2

Deny Request (BUSY) 2

Total 30

All communications were conducted using either the S-S or S-T-S modes, In
some cases, the interrupt mode was used but always in conjunction with either
the S-S or S-T-S m 'de. Some problems involved a request under conditions
which precluded the use of either the S-S or S-T-S modes. In these cases,
the sender's request to communicate had to be denied.

S-S Mode -- When the sender and receiver used the same frequencies and
the same language and a channel was available on their common frequency, the
S-S mode was used. To complete an S-S communication the following procedure
was used:

(1) Select sender's number on the left "patching dial"

(2) Select receiver's number on the right "patching dial"

(3) Select the uppermost unoccupied channel on the least occupied
common frequency

30
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(4) Activate the "connect" switch

(5) Activate the "transmit signal" switch

S-T-S Mode The S-T-S routine was used under any of the following
conditions: (a Either a language disparity existed, (b) sender and receiver
had different operating frequencies, or (c) there was an open channel within
the receiver's capability, but not the sender's. The S-T-S routine was com-
pleted in two discrete parts. The first part included the following steps:

(1) Select sender's number on the left "patching dial"

(2) Select position 1 (terminal address) on the right "patching dial"

(3) Select a frequency within the sender's capability

(4) Activate the "connect" switch

(5) Activate the "transmit signal" switch

After completion of this subroutine, the message had been transmitted from
the sender to the CCC. To relay from the CCC to the receiver, the following
subroutine was employed:

(1) Select position 1 on the left "patching dial"

(2) Select the receiver's number on the right "patching dial"

(3) Select the uppermost open channel within the least-occu led fre-
quency usable by the receiver

(4) Activate the "connect" switch

(5) Activate the "transmit signal" switch

Interrupt Routine -- The interrupt routine was used when the requested
transmission wasa a higher priority than one or more of the messages
occupying usable channels. In these cases the subject signaled the subscribers,
using the to-be-interrupted, channel that they must discontinue communica-
tion. If the interrupted channel contained a priority-two-message, a dtandby
signal was given, indicating that the interruption was temporary. An inter-
rupted priority-three transmission was given a busy signal, indicating a
longer-duration int,rrupt. The following steps constituted the interrupt
routine:

(1) Select position 30 on both "patching dials"

(2) Select the channel to be interrupted

(3) Activate "standby" or "busy" for priority-two or priority-
. three transmissions, respectively
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(4) Activate the "transmit" switch

(5) Wait for the channel to be cleared (indicated by the offset of
the illuminated channel indicator)

As stated earlier, the interrupt routine was always used in conjunction with
either the S-S or S-T-S routine. If the transmission was S-S, the channel
was interrupted first and the S-S routine followed. However, when interrup-
tion was used with S-T-S, it occurred after the receipt of the message by the
terminal and prior to the relay of the message to the receiver.

Deny Sender's Request to Communicate -- When all channels within the
receivers frequency capability were occupied with equal or higher priority
messages than that currently requested for transmission, the request had to
be denied. Requests were denied in the following way:

(1) Select position 1 on the left "patching dial"

(2) Select sender's number on the right "patching dial"

(3) Select any frequency usable by the sender

(4) Activate "standby" switch for priority-one and -two requests
and the "busy" switch for priority-three requests

(5) Activate the "transmit signals' switch

Test Sessions -- Subjects were given approximately one and one half hours of
training. The training session included the following phases:

(1) The experimenter read the manual verbatim to the subject.

(2} The experimenter presented five example problems to the
subject and aided him, to the extent necessary, in the com-
pletion a the problems.

(3) A 10-minue rest period was given.

(4) Thirty training problems were administered, with knowledge
of results (KR) given after each problem. The KR was complete;
i.e., any and all mistakes were pointed out and corrections
were provided.

Twenty-four hours after training, subjects returned for a tranefer session.
At the start of the second session, the subjects were informed that they would
receive another set of 30 problems similar to those they had worked the
previous day. Again, complete KR was given after the completion of each
problem.

Half the subjects were given problem set A in training and problem set B at
transfer, and the other subjects were given the two sets in reverse order.
The order of subsets was counterbalanced across subjects. For example,
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subject 1 was given subsets in the order 1-2-3-4-5, subject 2 received order
2-3-4-5-1, etc. Each subject received the same order at transfer p. s he had
during training. The order of problems within subsets was randomized.

A trial (one problem) consisted of the following steps:

(1) The experimenter programmed the CCC.

(2) The experimenter said "ready."

(3) The CCC was illuminated by the experimenter, automatically
starting the timer.

(4) The subject attempted to solve the problem. Each subroutine
was timed separately. At the completion of one subroutine of
a problem containing two or three bieps, the experimenter
turned the CCC off for several seconds. When the CCC had
been reprogrammed, it was again turned on, and the subject
began the next subroutine.

(5) At the completion of each subroutine, the experimenter recorded
the time.

(6) KR was administered at the end of each problem.

After both the training and transfer sessions, the subjects were requested to
indicate any criticisms they had about the training they had received and to
describe what they felt was important to learn cnd how they went about learning
it. To furIler assess subjects' strategies, they were asked to imagine that
they were asked by a good friend, about to take part in the experiment, for
suggestions which might aid that friend in the performance of the task. The
subjects' suggestions were recorded.

RESULTS

Learning Effects

Two measures of performance (i.e., response time and accuracy) were taken
during the training and transfer sessions.

Response Time -- This measure referred to the elapsed time bet..-een the
beginning and completion of a subroutine. If a subroutine was omitted, an
elapsed time of 80 seconds was given.

Figure 7 shows the average time taken by subjects to complete subroutines
during training and transfer sessions. A steep learning curve is apparent
during training; however, additional practice effects seem to be minimal
during the transfer session. There appears to be no retention loss over the
24 hours between training and transfer. To the contrary, some evidence of
reminiscence is apparent in the data.

Accurac -- The accuracy data are given as percentages of subroutines cor-
rect y processed. The percentages were calculated according to a standard
scoring method (Table 3), which deducted points from each subroutine for
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Figure 7. Mean Time to Complete SUbroutines of
Problem Blocks

Table 3. Scoring Method

Error 'Type Penalty
(deduct)

Routine Selection Errors
SSinstead of STS (major) 5
STS instead of SS (minor) 2
Unnecessary interrupt (major) 3
Unnecessary cancel (major) 3

General Failures in Procedure Following (no credit) 5 (per step)
Patching Errors

Simple dialing error (minor) 1

Procedural error (major) 3
Channel/Frequency Select Error

Minor choice error 1

Major choice er.or 3
Wrong Output Sele ..,ed

Minor error 1

Major error 3
Order of Steps' Error

Interrupt before S T (minor) 1

Others (nlajcr) 3
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procedural errors. The more serious the error, the greater the scoring
penalty. A maximum of five points was awarded for each subroutine. For
example, a subject who interrupted a channel unnecessarily had three points
deducted from his score. If the problem could have been solved by using a
single S-S communication, involving only one subroutine, the subject's
score for that problem would have been (5-3)/5 or 40 percent. If, however,
the problem required two subroutines, the subject's score would have been
(10-3)/10 or 70 percent. Likewise, a three-step problem in which One three-
point error was made would have resulted in a score of (15-3)/15 o' 80 per-
cent.

The accuracy data are shown in Figure 8. Average initial accuracy was above
80 percent and, by the end of training, was above 95 percent. PerfOrmance
during transfer remained at approximately the 95 percent level. The :absence
of a significant retention loss was consistent with the time data.

100

90

80 -

70 -

604-

4r1/24 HOURS

Of i I i 4 1 1
101 2 3 4 S 6 7 8 9

SESSION! SESSION H

PROBLEM BLOCKS

Figure 8. Mean Percent Accuracy on Problem Blocks

Independence of Performance Measures

The data clearly suggest that accuracy is a less sensitive measure of perfor-
mance than is time. An important question is the extent to which time and
accuracy measures are correlated. If highly correlated, it would seem
reasonable to consider only time. For this reason, Pearson Product Moment
Correlation Coefficients were performed on the time and accuracy hcores.
The r's for Sets A and B were -0.35 and -0.33, respectively. The negative
correlations reflect the fact that numerically high time scores indicate lower
performance levels, while the opposite is true for accuracy scores. However,
neither correlation coefficient was statistically reliable.
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Equivalence and Internal Consistency of Problem Sets

T-tests were performed on the 4ime and accuracy scores for problem sets A
and B, and the two sets were not found to differ significantly from each other
on either measure. The internal consistency of the two problem sets is shown
in Figures 9 and 10. Figure 9 provides the mean response time and Figure 10
the mean accuracy scores for each subset of six problems. Table 4 is a sum-
mary of two analyses of variance (ANOVA) on accuracy scores testing.the effects
of the subsets. Similar ANOVAs were done on time scores (Table 5). None
of the F ratios were significant at the 5-percent level of confidence, suggesting
that there was no significant variation in subset difficulty.

Subjects' Verbal Reports

The subjects expressed general satisfaction with the structure and content of
training. However, several felt that more learning was produced by practice
problems than with the information contained in the manual, and they would
have liked additional practice prior to the presentation of training problems.

Most subjects were not able to provide concrete information about learning
strategies. Many mentioned, however, that they did not attempt to memorize
the procedures in a rote fashion.

Two subjects felt that it was much more important to understand the role of
the operator in the overall system than to try to memorize all the facts and
rules given in the manual. These subjects recognized that the procedures
were logical in terms of the structure of the system. Both of these subjects
indicated that they formed mental images of the operator in relation to the rest
of the system. One subject imagined that messages travelled through his body,
entering one arm and exiting through the other. The other subject described
his image in words to this effect:

The operator of this system is kind of the "big man." He has
control over all the subscribers, in terms of their ability to com-
municate with one another. It is important to understand what
happens to communication links in terms of you, the operator.
When you really understand this, it isn't at all difficult to operate
the system, because the procedures are fairly logical.

Both subjects who indicated using imagery scored above the group mean
during training and transfer.

35
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DISCUSSION AND CONCLUSIONS

The performance data give evidence that this task can be a useful laboratory
device for the study of procedural skills within the L, R, and T framework,
The relatively low levels of trial to trial variability in performance was a
welcome, but somewhat unexpected, finding. The acquisition curves, particu-
larly in the case of response time, show strong evidence of learning. The
rather meager improvement in accuracy was not surprising since subjects
always had access to all necessary facts, principles, and procedures.

The obtained difference in acceleration for the two performance measures
probably relates to the instructions that were used, Subjects were told to
operate as rapidly as possible while maintaining high levels of accuracy.
Although such instructions are open to interpretation by the subjects, most
apparently strove to minimize errors and to increase speed as they became
more certain of the correct procedures. On this basis, it is not surprising
that the correlation between time and accuracy was low. However, further
research on the effects of time-versus-accuracy sets seems to be warranted.

The absence of significant differences between sets A and B will permit future
transfer of training experiments to utilize either Woodworth and Schlosberg's
(1954) Plan 3 or Plan 5. Both plans offer two principal advantages; i.e.,
( 1 ) no additional control group need be employed, and (2) there is no need to
match subject groups. Although Plan 5 does not require the use of equivalent
tasks, the use of matched problem sets adds experimental precision by
reducing residual variance stemming from task differences.

The verbal reports of subjects provided some evidence that imagery can play
a useful role in the learning of this task. Subjects gave no iLdication, how-
ever, that they used imagery as a mnemonic in the memorizing of specific
facts, principles, and procedures. Instead, it appears that images of under-
lying system structure lead to more rapid acquisition of performance skills.

40
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SECTION V
EXPERIMENTAL PHASE EXPERIMENT II

METHOD

Apparatus

The subject's task was identical to that of Experiment I. Consequently the
hardware and problems were the same as those used in the previous investi-
gation.

Additional 35-mm slides were prepared for the presentw:on of imagery. These
13 transparencies depicted, in cartoon form, sequences of activities involved
in commercial air travel which were analogous to the transmission of messages
from one subscriber to another. The cartoons a;..e shown in Appendix F.

Subjects

Forty male subjects ranging in age from 18 to 40 years took part in the
experiment. All subjects were undergraduate students from the University
of Minnesota. Subjects were paid on the same basis as in Experiment I.
Subjects were assigned to conditions at random.

Procedure

Four subject groups were formed within a 2 x 2 factorial arrangement (Fig-
ure 11). The order of presentation of problem blocks was counterbalanced in
the same manner as in the previous experiment. Again, half the subjects in
each group received problem set A during training and B during transfer, and
the reverse order was true for the other subjects.

The procedures employed which differed from those of Experiment I were as
follows. First, from the experience gained in the conduct of the initial inves-
tigation, several of the subject& suggestions were incorporated int; the second
experiment. Modifications were made in the manual for added clarity, based
upon questions raised by subjects in Experiment I. When questions iid arise,
in the present experiment, the experimenter would refer the subject to appro-
priate sections of the manual or slides on the information display.

Another change was the incorporation of sample problems into the manual.
The manual contained a script, to be read verbatim by the experimenter, while
each of the sample problems was presented. A total of five problems were
administered. These were of the types: S-S, S-T-S, S-S/Interrupt, and Deny
Sejider's Request.

Because Experiment II involved four combinations of treatment conditions
during training, it was necessary to develop four versions of the manual --
imagery -high fidelity, imagery-low fidelity, no imagery-high fidelity, and no
imagery-low fidelity. These manuals, are reproduced in Appendix G.
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TRAINING

INSTRUCTIONS PRACTICE

TRANSFER

S No.

NO IMAGERY

LOW FIDELITY
TASK A

TASK B 1-5
.1

LOW FIDELITY
TASK B

TASK A 6-10

HIGH FIDELITY
TASK A

TASK B 11-15

HIGH FIDELITY
TASK B

TASK A 16-20

IMAGERY

UM FIDELITY
TASK A

TASK B 21.25

LOW FIDELITY
TASK B

TASK A 26-30

HIGH FIDELITY
TASK A

TASK 8 31-35

HITASKS ITY TASK A 36-40

Figure 11. Experimental Design Experiment II

The high-fidelity manual, with the exceptions discussed previously, was very
similar to the manual used in Experiment I. However, low-fidelity subjects
were trained with the front panel of the CCC covered, and references to the
equipment were accomplished with an artist's drawing of the panel. Practice
was administered using a "paper and pencil" representation of the task; so
instead of operating controls, subjects wrote their responses on copies of the
front panel drawings. Differences between responding on the actual panel and
the paper and pencil version necessitated appropriate wording changes in the
low-fidelity manual.

Subjects in the imagery group were given a 5-minute presentation of cartoon
slides, showing situations occurring in the course of commercial air-travel,
which are analogous to each of the communications routines. The text of the
commentary accompanying each slide was contained in the manual and read
verbatim to the subjects. Subjects in the no-imagery condition were instead
given 5 minutes to study the manusil just prior to the presentation of sample
problems.

Experiment I was conducted with a 24-hour retention interval between training
and transfer sessions. To create an experimental task closer to operational
training situations, a one-week retention interval was used in Experiment II.

A final change in procedure was incorporated as an additional attempt to pro-
vide for greater translatability of results. Although training again included
KR after each problem, transfer was conducted without KR.
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Performance during training and transfer was measured in terms of response
1111

time (Figure 12) and percent accuracy (Figure 13). Evidence of learning is
provided by both performance measures. The acquisition curves for the
response times were somewhat steeper than those for accuracy. ANOVAs on
time (Table 6) and accuracy* (Table 7) during learning showed a blocks effect
significant beyond the 0.01 i.e.vel of confidence.

Evidence of forgetting can be seen by comparing scores for the final blocks
of the training session with the ikitial blocks of the transfer session (Figures
12 and 13). However, by the third block of the transfer session, subjects had
regained about the same level of performance attained by the end of training.
ANOVAs on the time (Table 8) and accuracy (Table 9) data for the transfer
session yielded blocks effects significant at beyond the 0.05 and 0.01 levels,
re ape ctively.

Imagery

Subjects trained under the imagery condition consistently outperformed the no-
imagery subjects on the basis of time (Figure 12). The difference in response
time (approximately 25 percent) during training (Table 6) was statistically
reliable (p < 0.01). The higher levels of performance for subjects trained
with imagery carried over to transfer (Table 8), and again the difference was
significant at the 0.01 level of confidence.

The time data (Figure 12) suggest that imagery produced its effect more duringO early blocks than during later blocks. This interaction between blocks and
imagery was statistically significant (p <0.01) both during training (Table 6)
and during transfer (Table 8). There was no evidence that response accuracy
(Figure 13) was affected by the presentation of imagery during training.

Fidelity of Simulation

Subjects who received low-fidelity training seemed to solve the training prob-
lems more rapidly (Figure 12). This difference was, however, not statistically
reliable (Table 6). There was no evidence that low-fidelity training differed
from high-fidelity training in terms of the accuracy subjects achieved on the
training problems (Figure 13 and Table 7).

Fidelity of bimulation had an apparent effect on initial response times in the
transfer session (Figure 12). Low-fidelity training seemed to cause subjects
to respond less rapidly on the first block of problems than when high-fidelity
training was administered. This difference diminished rapidly so that, by
block 2, low-fidelity and high-fidelity subjects were performing at very nearly
the same rates. This interaction between blocks and fidelity of simulation,
during training, was statistically significant at the 0.01 confidence level.

*Note: The arcsin transformation was applied to the percent accuracy scores
used in the ANOVA.
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Table 6. Analysis of Variance Summary, -- Response
Time During Training

Source of Variation df J MS F

Fidelity (F) i 105.56 <1

Imagery (I) 1 5486.28 12.86*
Blocks (B) 4 3295.25 80.16*
FI 1 0.01 <1

FE 4 1.92 <1

IB 4 174.64 4.25'
S(FI) 36 426.53
FIB 4 34.52 <1

TxS(FI) 144 41.11

*p< 0.01

Table 7. Analysis of Variance Summary -- Arcsin Transformed
Percent Accuracy Scores (Radians) During Training

Source of Variation df MS F

Fidelity (F) 1 0.0025 <1

Imagery (I) 1 0.0604 <1

Blocks (B) 4 0.5071 12.59*
FI 1 0.0290 <1

FB 4 0.0263 <1

IB 4 0.0252 <1

S(FI) 36 0.1066
FIB 4 0.0350 <1

TxS(FI) 144 0.0403

*p < 0.01
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Table 8. Analysis of Variance Summary -- Response
Time During Transfer

Source of Variation I df MS .

,

Fidelity (F) 1 252.23 1.34
Imagery (I) 1 2239.14 11.88*
Blocks (B) 4 1270.48 59.87*
Fl 1 14.91 <1

FB 4 87.31 4.11*
IB 4 88.79 4. 1 8*

S(FI) 36 188.53
FIB 4 4.58 <1

TxS(FI) 144 21.22

*p < 0.01

Table 9. Analysis of Variance Summary -- Arcsin Transformed
Percent Accuracy Scores (radians) During Transfer

Source of Variation df MS F

Fidelity (F) 1 0.0229 < 1

Imagery (1) 1 0.1071 <1

Blocks (B) 4 0.1119 3.54*
Fl 1 0.1086 <1

FB 4 0.0106 <1

IB 4 0.0100 <1

S(FI) 36 0.1654
FIB 4 0.0504 <1

TxS(FI) 144 0.0316

*p < O. 05
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Performance on the transfer problems, as measured by percent accuracy,
did not appear to be affected by fidelity of simulation during training (Figure
12 and Table 9).

DISCUSSION AND CONCLUSIONS

The data of this investigation strongly suggests that imagery can play an
important role in promoting procedural skills. Subjects who received imagery
performed approximately 2b percent more rapidly than did the controls. An
interesting implication of this result is the fact that imagery subjects could
have been given additional problems during the training period, without in-
creasing the total time devoted to training o'er that devoted to training by the
non-imagery subjects. Had this been done, the difference in performance
between the gwo groups at transfer may have been even greater.

The higher performance of imagery subjects supports the notion that trainee
feedback can be of value in terms of improving training effectiveness. The
specific method of promoting understanding of the structure of the system wrs
based in part on the post-experimental reports of subjects and an attempt at
applying the concept of imagery as a mediational technique. Apparently, use-
ful strategies can be provided to subjects who would not otherwise have
employed them.

The effect of fidelity of simulation in the present experiment supports earlier
findings (e.g. , Grimsley, 1969) that training effectiveness can be achieved
through the use of low-cost paper and pencil simulations of the operational
task.

It should be noted, however, that initial performance, in the transfer session,
suffered somewhat when training occurred under low-fidelity conditions. This
finding, although of little importance in tasks such as those studied here, can
be important under other circumstances. When "one-shot" transfer is critical
(e.g., emergency procedures), high-fidelity training may be a requirement.
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APPENDI4 B
L, R, AND T TECHNICAL MEETINGS REPORT

The complete report of the t, R, and T Technical Meetings, including
papers presented and summary statements of the views of the
participants, is contained in Volume II.
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APPENDIX C
JOB TRAINING AND TESTING CONSOLE (JTTC) REPORT *

BACKGROUND AND STATEMENT OF THE PROBLEM

The objective of the Learning, Retention, and Transfer (L, R, and T) contract
is the experimental investigation of all meaningful combinations of variables
affecting L, R, and T proof sses. To accomplish this aim, a long-term
research program will be required. During the course of this resea: -ch,
experiments wil; be conducted which deal with a number of taxonomic cate-
,guries or human behavior. Variations in type of task will require apparatus
which presents stimuli simulating those encountered in nigh-priority Naval
jobs. Likewise, a capability for measuring a rather wide variety of responses
will be required. This suggests that apparatus requirements will very likely
change over the course of the program.

One approach to the problem of obtaining suitable apparatus is to simply pro-
cure or fabricate devices when the need for such equipment arises. It would
seem, however, that operating in this manner would create a never -ending
problem. Relatively minor changes in the nature of experimentation could
result in the ric.:,3d for major modifications in experimental facilities. As an
example, consider the problem of conducting two concurrent experiments
which differ only in terms of the sensory modality used for the presentation of
stimuli. If the first investigation required visual presentation and the second
employed auditory inputs, two basically different pieces of appartus would be
needed. If both studies required the subject to respond in a like manner, the
hardware would have to be rewired (assuming the experiment involred a
closed-loop system) to accommodate the change in mode of stimulds presen-
tation. Of course, if the method of responding also differed between these
two experiments, ever. more work would be required to prepare for the second
investigation.

The development of a generalized L, R, and T everimental facility would
minimize recurring apparatus development efforts prior to the conduct of
each experiment. The task of Honeywell's Marine Systems Center/California
was to develop a preliminary concept for such a generalized device. This
report documents the approach taken in defioing a recommended facility.Fur,ther, the analysis of various ,xperimental requirements are detailed,
alternative concepts and their associated specifications are suggested, trade-
off considerations are discussed, and recommendations for equipment selec-
tion are provided.

* Prepared for Honeywell Systems and Research Division by Terry J. Wong
and Manuel E. Quintana of the Honeywell Marine Systems CenttriCalifornia.
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DEVELOPMENT OF BASIC REQUIREMENTS

A myriad of techniques and devices are used in the experimental study of
human behavior and, more specifically, the investigation of L, R, and P.
The basic problem is to determine the essential experimental equipment
features that are common denominators an': to incorporate these as requ:-e-
ments for a gereralized device. In the present study, four analytic approaches
were used in accomplishing this task: (1) assessment of the basic psychologi-
cal L, R, and T paradigm, (2) analysis of equipment features used in related
psychological experiments, (3) analysis of system requirements for opera-
tional use, and (4) analysis of high-priority Naval Tasks.

Such an approach generally follows that of Parker and Downs (1961) and Miller
(106C). In all cases, the selection of effective training apparatus involves
matching apparatus characteristics to the human performance studied. The
apparatus selected must be the best suites for training subj.cts and rreasuring
responf3es in the specific performances required for study. It is also obvious
that," in the selection of candidate training devices, the kinds of human per-
formance required by military systems must be evaluated.

Assessment of the Basic Expeirnental Par adigm

The basic paradigm in any psychological experiment involves a stimulus and
the response to that stimuhis. To attain scientific status, the stimulus and
response variables must necessarily be defined in some measurable quanti-
tative terms so chat a meaningful relationship between the two can be deter-
mined. In addition, the time element involved in the entire stimulus and
response seque.nce plays an important role, and it is usually measured and
controlled in exact terms.

Depending on the classification system, man is credited with numerous senses
used to detect the stimuli in his environment. The typical list of used senses
includes: vision, audition, taste, olfaction, touch, equilibrium, kinesthesis,
pain, temporal and temperature. In the typical L, R, and T situatioa, most
of these senses do net play a dominant role; only three - vision, audition, and
touch - are used extensively.

Almost any of man's motor acts can be used directly or indirectly, to signal
a response to a given stimulus. Thus the mechanism used in measuring the
stimulus "value' need not be the specific receptor a specific stimulus. For
higher-order response chains such as normally encountered in an L, R, and
T sity.ation, this statement is particularly true. The meaning of the motor
behavior (1. e., response) is arrived at by mutual agreement between the
observer and the subject or else is conventional for the task under considera-
tion. The t. sponge must be capable of being recorded and measured by the
observer. Practical considerations in theoretical studies, and existing con-
ditions ia actual operations, dictate that the fingers, hands, arms and the oral/
verbal chanrels be thft most often used.
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A similar argument could be presented for the use of "convenient" (and nor-
mally used) receptor channels. To study the underlying processes of L, R,
and T, esoteric: stimuli arc neither required nor necessary.

A tentative conclusion is that, in the design of p multipurpose device for the
pragmatic study of L, R, and T, the stimulus presentation should concentrate
on the visual, tactual and auditory senses. The response modes may safely
be limited to oral communication and action by the upper extremities.

Analysis of Equipment acid Experiment Features

As a means of verifying this conclusion with specific data and to determine
the nature of apparatus vsed in L, R, and T experiments, a brief survey was
made of the relevant psychological literature. Two publications were chosen
for sampling, The Join nal of Experimental Psychology and Human Factors.
The former served to represent "pure research and the latter "applied"
research in the area. Issues circa 1957-1969 were sampled, and 100 experi-
ments related to some aspect of L, R, and T were analyzed. This sampling
excluded special training problems in which obviously unique equipment or
elaborate simulators were required.

Of the 100 experiments sampled, the stimulus modee, used were: visual 66,
auditory 24, visual and auditory 7, and tactual 3. The response modes used
(Table C1) were: oral 45, manual 45, (fingers, hands and arms), combined
oral and manual 3, and physiological measures 6; one was variable (experi-
menter observation).

Based or this sampling, 97 percent of the experiments used the visual and
auditory channels for introducing the stimulus; the remaining 3 percent used
the tactile sense. For the subject's responses, 93 percent used oral verbali-
zation and manual action of the upper extremities. In almost all the experi-
ments, instructions were given voice. All subjects were seated.

The overwhelming preponderance of investigations used visual and auditory
modes with verbal and arm/hand responses. This seems consistent with
what one finds in real-world tasks. Thus, it is reasonable to extend these
stimulus and response modes to L, R, and T research in general.

A different analysis was directed toward extracting the essential features of
the various devices used in these studies. A summary of the findings is
,hown in Table C2. It is apparent that the slide projector is a commonly used
piece of apparatus. Its functions are to present a visual image of varying
complexity and content on a surface for a defined time interval and sequential
order. The stiinulus card also serves the same bask function, and this
applies to the remainder of the apparatus used to present visual stimuli. The
minor differences among them are along the continuum of degree of automation.
The only slightly unusual characteristic in the entire list in Table C2 is pro-
vided by the tachistoscope; its duration of visual stimulus presentation is 1/5
second or less, and it can present "split images.. From an engineering
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Table C/. Summary of Response Modes

Frequency I Response Mode Description

45 Oral Direct talking with experimenter
45 Manual Button pushing, writing, drawing,

guiding stylus, pointing, turning dial
3 Oral/manual Combination of above (oral and manual)
6 Physiological Galvanic skin response, electroencepha-

measures logram, electroretinogram, etc.
1 Multiple Observed by experimenter for multiple

responses

Table C2. Summary of Stimulus Modes and Prime Apparatus

Frequency Stimulus Mode Prime. Apparatus /Content

24 Visual Slide, movie projector
13 Visual Stimulus card (3X5, 4X6, 8X10)
10 Visual Memory drum

6 Visual Light panel bank
4 Visual Word list
4 Visual Booklet
3 Visual Tachistoscope
1 Visual 30-inch stimulus wheel
1 Visual Dial of ammeter

12 Audio Sound generator (oscillator, buzzer)
11 Audio Tape recorder

1 Audio Verbal (oral) presentation

1 Audio/Visual Photograph, strobelight, sound tape
1 Audio/Visual IEE readout, computer, type keys
1 Audio/Visual Bina Vu display, punch tape
I Audio/Visual Buzzer, light bank, stylus, pacer
1 Audio/Visual Oscilloscope, teaching machine
1 Audio/Visual Slide projector, polygraph, switch bank
1 . Audio/Visual Oscilloscope, light bank, switch bank

I Tactile Rectigraph, dermohrneter, electrode
1 Tactile Finger vibrator
I Tactile Electrode

NOTE: With very few exceptions, instructions to subjects were given
verbally, and subjects were seated during the experiment.
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standpoint, the conclusion may be drawn that a CRT can perform all of the
various functions of these devices for stimulus presentation, with the possible
exception of chromaticity.

Considering auditory stimulus presentations, the essential function is the
presentation of a sound (i.e., signal) of varying complexity and meaning to
the subject for a defined time interval and in some sequential order. Basi-
cally, auditory signals have the same parameters as visual signals; i. e.,
waveform characteristics.

A directory listing the experimental equipment used by the behavioral scien-
tist is supplied by Sidowski (1969) in a "Buyer's Guide." A compendium of
this directory, excluding most of the infra-human studies and electro-
physical- chemical equipment, is given in Table C3. The only significant
additions to Table C2 are the electronics equipment used to record and reduce
data and mechanisms use'. to program and facilitate a given experiment.
Thus the actual equipment functions are in close agreement with the foregoing
analysis.

The functions performed by various devices ara fundamentally simple and
quite straightforward. It is only the content of the medium and certain
specific mechanisms that differ from one experiment to another. This is the
case regardless of the specific theory or the taxonomic pcheme (e.g., Willis
and Peterson, 1961; Cinsberg, 1966; Fleishman, 1969).

Analysis of System lie uirements forerational Use

In addition to stimulus and response requirements, various operational con-
siderations are also important in the design of a test-trainer device. One
consideration is the number of subjects run per experimental session. Studies
in which subjects are run one at a time are inefficient. The requirement for
running multiple subjects is dictated by conditions in which gaming, coopera-
tive and competitive tactics and strategy are investigated. Admittedly, how-
ever, there are occasions when it is desirable to concentrate on one subject
at a time. Thus, a desirable feature in equipment and operational design is
sufficient flexibility to permit data collection from either single or multiple
subjects,

Sometimes the distance of the stimulus from thc subject may have to be varied.
For this reason, plus the multiple subjects requirement above, the stimulus
portion and the response portion of the device should be designed as separable
units. These units in turn should be separated from the control unit. More-
over, it is often desirable to preclude undue influence on the subjects by the
presence of the experimenter oe the control devices.

Another consideration is the physical and sensory differences among individual
subjects. Proviston for varying the intensity of stimuli input should be included.
The design of the devise should consider anthropometric variation. e.g., dif-
ferences in viewing height relative to level of the subject's eyes, seating and
the dimensions of the working surface.
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Table C3. List of Devices Used by the Behavioral Scientist

Auuio/visual, record player
Audiometers
Automated instructional Systems
Card punches
Card readers
Cathode ray tube
Character recognition equipment
Circuit board, connector, modules
Commutators, switching
Computer, general, digital, analog
Computer typewriter and keyboards
Connectors
Converters, analog/digital,
digital / analog
Converters (magnetic. or paper),
tape -to-tape, card -to -tape,
tape -to -card
Counters, decoder, roadout, stepping
Curve tracers
Data loggers, terminal
Earphones and headsets
Electrodes
Electroluminescence
Encoders, keyboard
Eye movement monitors
Film reels
Filters and lenses, optical
Frequendy counters, Discriminator
Galvanic skin responses (+iM)
Keyboard encoders, input

Memory drum
Microphones
Motors, servo, stepping, synchronous
Multiplexers, analog, digital
Noise generators (oscillator)
Oseillographs
Oscilloscopes
Paper, chart (all types)
Paper tape, punches, reader
Photoelectric devices
Plotters
Projectors, film and/or slide
Readers, photoelectric, tape, card
Readout indicators and displays
Recorders, chart, event
Relays
Signal averaging
Slope reader
Sound equipment
Stop watches
Switches (all kinds)
Tachistoscopes
Tape recorders, audio, video
Teaching devices, automated
Television, closed -circuit
Timers (all kinds)
Tracking equipment
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Control crier the process of the experiment is another consideration. Provi-
sions must be made for such factors as the timing of stimulus and response
elements, the rate and mode of inputs to the subjects, the presence or absence
of feedback to the subject and the recording of responses from the subjects.
Provisic-is must also be made for various pacing techniques, i. e., self-pacing,
experimenter pacing, or automatic pacing.

A very important consideration is the accommodation by the experimental
equipment for future needs. Therefore, a modular concept is a necessity.
Ideally, a defective subsystem should not disable the entire device. In case
of failure, the replacement of a module should be simple to accomplish.
Space should be provided for equipment additions or modifications to the
basic device. The interconnections between modules or units shoUld be easily
accomplished and quite flexible.

Analysis of High-Priority Naval Tasks

A list of priority Naval tasks based on Willis and Peterson's (1961) taxonomy
is given in Table C4. These tacks involve recall, identification, recognition,
detection, decision making, and serial and continuous movement behaviors.
Stimuli for all of 'hese tasks can be presentel through the visual and auditory
channels and responded to by the upper extremities and oral communication.
This task list provided another source of data used in the establ:shment of
device design requirements.

Summary

This subsection has presented the major psychological considerations con-
cerning the design of apparatuF to be used in the study of L, R, and T. Certain
of these considerations concei the basic experimental model while others
deal with the type of behavior to be studied using the device. The important
questions to be answered in the design of an effective device are:

Is the equipment appropriate to the tasks for which it
will be used?
Is the equipment easily maintained?
Does the equipment present stimuli in a sufficient number
of modes?
Can the subject respond to these stimuli in a rapid and
economical manner?
Does the equipment accurately measure the subject's
response7
Is guidance provided which will direct a trainee toward
correct responses?
Is there a prevision for reinforcing the trainee for correct
responses and successful performance?
Can the equipment be easily modified to accommodate
growth requirements?
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Table C4. Priority of Naval 'Casks

Tasks (in rtnk order) Relation to Navy Jobs

Recalling facts. Procedure followingCritical to all maintenance
principles,
procedures

jobs and the :najority of operational jobs (e.g..
aircraft pilot, damage contrclman, signalman,
technicians).

Recognition /identification -- Pattern recognitionIncludes scope interpreta-
nonverbll cues lion (radar and sonar or.erators) and maintenance

jobs (recognition of ec, tipment faults).

Detection -- nonverbal cues Vigilance--Detection of targe+s or. radar and sonar
displays and detection of equip uent malfunctions
by operators and maintenance personnel.

Using principles,
interpreting, inferring

Elementary logic--Diagnosis of equipment mal -
functions by maintenance personnel, ship handling.

Decision making -- alternatives Diagnosis of complex system malfunctions common
known, to virtually all critical operational jobs.

Decision making -- alternatives Threat evaluation and weapon assignment (command
unspecified or alternatives decisional- -also lays a less frequent part in com-
unknown plex syster- malt L-T '4 iagnosis.

Static reaction or continuous Gunnery- -Maintaira ler sight-target relation-
movement ship and maintenanct .1cling and totdering

tracing tasks (e.g. , ship steering and aircraft
piloting).

Serial movement Typing, telegraphy, equipment checkout (e. g. ,
yeoman signalman, electronics maintenance jobs).

Detection identification-- Monitoring communicationn equipmeni (e.g., ,.;ignal-
verbal cues man, aircraft pilot). Identifying verbal stimuli or

cues (e. g. , codes, diagrams, symbol 3, etc).included
in operational jobs (e.g.. ECM, signalman, machine
accountant etc.) and maintenance jobs (reading
schematics).

Positioning movement Operating controls and material handling (common to
most equipment operation and maintenance jobs).

Repetitive movement Common to jobs requiring manual skills (e.g., car-
pentry and metal work) and maintenance of equipment
(using tools).

Written verbalization Maintaining logs (quartermaster, p:ict), wriiing
instructiongmiscellaneous officers jobs)

Oral verbalization Verbal communications (pilot, raktiompAgiving
orders (all officers)

Other verbalization Use of hand signals and conventionalized signals (e.g.,
signalman and aviation boatswains matte)
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DESIGN AND OPERATIONAL FUNCTIONAL SPECIFICATIONS

Based :.ii the foregoing requirements analyses, the basic functional features
of a training and testing device are developed below. For the task of con-
ceptualizing a preliminary design, the functional features of a device are
more important than the specific hardware that might be involved. This is
because the functions) allocations are more amenable to ingenious and imagina-
tive manipulation than is hardware once it is selected.

Presentation Functions

The device shall provide for two basic stimulus modes, visual and audio.
Other ,stimulus modes are of secondary importance and shall be provided for
as grcwth capabilitieti for future requirernencs.

Visual Stimulus--The device shall be capable of presenting both still and
dynamic visual images. Desirable features are those exhibited by slide pro-
jectors, movie projectors, and CRTs. Specifically, the necessary device
features are:

Slide Projector--Zoom lens permitting focusing from 1 to
15 feet; remote focqs and control; accommodation of slides
of various sizes (35- to 70-mm); large slide capacity tray
with random and serial presentation capability; and, ability
to introduce an image on a rear-screen at variable range and
duration (1/10 second to 15 minutes).

Movie Projector--Zoom lens permitting focus from 1 to
15 feet; remote control; slow and fast motion capability
(12 to 32 fps); and, automatic load and rewind.

CRT--Color and black and white: sufficient screen size for
viewing by subject(*,) from 20 feet; resolution equalling a
high-quality slide projector; remote control; static and
dynamic presentation; and, electronic image generation.

Audio Stimulus--The device should have the capability of presenting pure
tones and complex audio messages. Desirable features would be those
exhibited uy sound generators, tape recorders, and loudspeakers and head-
phones. Specifically, these necessary device features are:

Tape Recorder--Large tape-reel capacity (minimum 7-inch
diameter 3IIIninimum a two speeds, 7-1/2 and 3-3/4 ips;
full fidelity range for recording and playback, 50 Hz to
15 kHz ± 5 db at 7-1/2 ips and 100 Hz to 9 kHz at t8dbat
3-3/4 ips; possible synchronism with visual presentation;
and digital tape counter.
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Amplifieil -- Two channels with 25 watts per channel; 20 Hz
to 20 kHz ± 2 db are desirable; volume and loudness control;
balance control; equilization control. The capability for two-
channel inputs would permit study of voice communication
and pattern recognition (see Rappaport, 1957, 1962, 1963;
Giarretto, 1968).

Sound Generator -- Should be capable of generating discreet
and continuous tones as well as white noise over the total
frequency range (20 Hz to 20 kHz).

Loudspeakers -- Two, each with full fidelity range, acoustic
suspension type; 35 Hz to 15 kHz; of compact size; and with
25-watt handling capability.

Head hones -- Stereo type with full fidelity range, 35 Hz to
i5 z a 5 db.

Response Functions

The subject(s) should be provided with the manual response fUnction capabili-
ties found in a keyboard (or teletype) and/or a pushbutton array, a wr,ting
surface (e. g. , tablet) and a joystick. A means of oral message transmission
must also be available. Necessary devices are:

Keyboard -- Keys capable of tranrmitting numbers, letters
and signs to form words or phrases.

Pushbutton Array. -- A bank of pushbuttons, variable in numher,
o.apatilsenting some (coded) message from one medium
to another.

Tablet -- A flat surface al!owing individuals to inscribe writings,
aFa71ngs, or other graphics.

Joystick -- A single-stick device permitting cursor control
along alt points of a surface.

Micro hone -- Either a desk- or headset-type for oral
cornmun cation.

Control Functions

The exnerimenter/s control over the processes and events of the experiment
should be complete and capable of remote execution. Each element involved
in stimulus presentation and response treatment should be time controllable
with a range from zero seconds to approximately 5 minutes. Variation in
timing control would apply to the rate, sequence, duration of both stimulus
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and response, from the onset to the termination of the experiment. Presen-
tation may be serial (continuous or intermitt .nt or random; repeat will he
possible. The response of the subject to the a An-lulus should be readily
recorded.

Controlling operations should be programmed and executable by either manual
or automated means. Provisions should be made to permit pacing by t!.e
subject(s), the experimenter, or an interaction of these persons. The observer
should have, at his selection, complete knowledge of the subject's behavior;
the observer may or may not allow task feedback to the subject(s) by means
of the visual or audio channels.

Design Features

The equipment items of the testing and training device should be designed
using a modular concept as a guideline. The stimulus, response and control
equipment should be separate units capable of being moved independently of
one another. Within each of these units should be provision and space for
future additions and modification. Removal and repair should be easily
accomplished. Malfunctions in the mclules should be easily identified and
isolated and should not completely disable the device. Interconnections,
wiring and hookups between modules and units should oe flexible and easily
achieved.

The device design should consider individual differences in various sensory
and anthropomorphic attributes. Controls for varying the i:Jensity of various
stimuli should be provided. The size and dimensions o: the device should
accomodate subjects of different physical characteristics. The design should
assume that the subject is normally in a seated position.

SPECIFIC DESIGN CONCEPTh

Using the specifications developed, this subsection detail& the two most
salient concepts considered feasible for the job testing and training device.

coi.cept A - Automated System

Concept A is characterized Ly automation and the simplicity of the stimulus
and response equipment/units. Figures Cl, C2, and C3 illustrate the con-
cept.

All visual stimuli can be presented on a single CRT. This is a practicality
based on the fact that the CRT can aervc all the visual presentation functrons
enumerated in the preceding section. Audio stimti are presented through
loudspeakers ce headphones.

All manual responses are made via a Rand Tablet, or its equivalent, while
the oral (verbal) responses are made through a microphone.
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At the heart of the ck.sign concept is the computer and its supporting peripheral
equipment and software. The observer serves primarily to start the experi-
ment or to select specific tests. The stimulus presentations *...nd response
recordings are executed by the computer complex. In this manner, all systems
components are interwoven and controlled from a single source. All sti.i.,ulus
items (i.e., various sounds, spoken words, -written words, all forms of draw-
ing, sketches and numbers) are programmed and are called up by the com-
puter and presented through the CRT and the speakers (or earphones). The
sui.ject's responses, in turn, are directed back to the computer for recording
any scoring. On-line and off-line functions are used depending on the experi-
mental design, the length of the experiment, the number of subjects, and the
availability of computer time.

Different programs for different experiments would be developed and stored
in the computer memory banks (i. e., magnetic tapes, discs, paper tapes, etc. ).
Over a period of time, an entire library of programs would be accumulated.
A specific program would be called up !)y the observer via a selection key-
board control.

The details of the functions of tba features of this design are as follows:
Static displays (e.g., background formats such as maps, etc. ) and dynamic
displays can be placed separately or concurrently on the CRT. This can be
accomplished by either of two methods. One method would be the rear-
projection of slides on the CRT's surface in conjunction with electronically

'generated alphanumeric and graphic displays superimposed on the same sur-
face (see pages 89-90 for details). An alternate method would begin with a TV
camera taking images directly from a slide projector, .movie projector, or
some other medium such as a text, a map or an actual scene (sae Figure C2).
Depending on the source of the images, the background format would be static
or moving. Dynamic superimposition would then be added by standard elec-
tronic processes. Such a method of visual stimulus presentation can afford
almost limitless possibilities for experimental content.

The Rand Tablet, used in conjunction with an electronic stylus similar to a
light-pen, is an extremely useful and flexible tool. The tablet can accomodate
many types cf response data on the x-y coordinate. When properly utilized it
can serve a wide range of purposes, for it "communicates" easily with many
make of computers (Davis and Ellis, 1964, 1967). The Grafgon 10I0A is an
example in current production and widely used. It measures 10-1/4 by
10-1/4 inches; thus with 100-point resolutions rer inch it produces 1024 x 1024
(or 1, 046, 576) possible points of coded information. In some applications all
of these points can be coded and used. However, for many L, R, and T
applications lower resolution could be tolerated. When data demands were
light, the allocation of 1/2-,3/49or 1-inch point resolutions on both the x and
the y axis would give 20 x 20, 13 x 13 (approximate) or 10 x 10 information
"cells" respectively. A valuable feature of the Rand Tablet is that these :
individual cells can be coded in many ways. With appropriate software modi-
fications, the tablet can assume the function of many items of response
measuring equipment. The tablet may be configured as a keyboard with any
arrangement, a pushbutton bank with almost any matrix size, a surface for
writing, or any two-dimensional movement performed by a joystick. This
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versatility is possible because the computer can sense and respond to coded
information in a programmed manner, regardless of whether the signal is
coming from a simulator or from the "real" thing. As a result, tne Rand
Tablet is a highly versatile tool.

The use of transparent plastic overlays further increases the tablet's 3Xl-
bility. For example, if a keyboard is required in the experiment, an overlay
depicting the keyboard can be fabricated and placed over the tablet. With a
properly designer' program, the area below the overlay can be coded to repre-
sent some specific sign, letter, or number. By touching a specific coded
area tth the stylus, the particu!ar symbol is called out (via the interface) for
processing by the computer. A Rand Tablet overlay can have almost any
content (e.g., a map to be used for target search or a diagram to be used for
circuit analysis).

In addition to the transparent overlay, image projection on the back of the
tablet is possible by using a slide projector or a similar device. The possi-
bilities here are also wide in terms of providing response means.

Some of the present uses of the Rand Tablet include: editing text, composing
formats, generating forms, designing, sketching and routine digitizing. Hand-
writing analysis, pattern analysis, tracking, and "3-D" dynamic analysis,
are also possible applications.

In addition to the visual stimulus and response features mentioned above,
concept A also provides for auditory stimuli and responses. Auditory 6timuli
are produced ')), a tape recorder and introduced to the z.abject through stereo
speakers or headphones. The sound input can be adjusted from off to full
volume. The stereo speakers are the normally used stimulus channel. Plug-
ging the headphones into the jack cuts off the speakers and switches the sound
to the headphones. Oral communication is provided by a microphone mounted
on top of the response table; the microphone can be adjusted to any user posi-
tion by manipulating the gooseneck stand.

By varying the links between subject and observer or between the subjects
themselves, various communication and interaction studies can be performed.

In Concept A, even if the experiment involves a dozen or more subjects, the
computer can easily record the responses.

Under this concept, the centrality of the control and the unity of the stimulus
and response equipment offer numerous possibilities for use other than
experimentation on L, R, and T. Using remote linkages, psychological
experiments involving the participation of other laboratories are distinct
possibilities. It is quite concetvable that an experiment might be conducted
with the simultaneous participation of principals which are geographically
separated. In this situation, the computer-programmed and -controlled
stimulus would be sent out via closed-circuit or other transmission means to
a receiver and outputted on a CRT monitor. The responses would be relayed
back by similar means to the control center for the neceasary processing.
This arrangement could be ideal in gaming experiments.
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Concept B - Computer Aided System

The details of specific controlling and monitoring functions are discussed
under Concept B.

Concept B is characterized by computer-assisted operation under human
monitoring with diverse methods for presenting the stimulus and reco-Aing
the response. Figures C4, C5 and C6 illustrate this concept.

The basic functions described in Concept A are retuinea, but the methods of
execution are different.

Concept A uses a sirgle CRT for all visual presentations. Concept B would
use, in addition to a CRT, a slide projector and a movie projector, each with
a different presentation surface. The rationale for this is given on page 90.

Yr stead of using a Rand Tablet for all response inputs, Concept B would use a
keyboard, a pushbutton array and a joystick in combination. The experiment-
controlling functions are still centralized, but the observer is the prime con-
troller and monitor of the stimulus events. He is aided by the computer in
certain selected functions.

Unlike Concept A, an elaborate control console exists whereby the observer
selects and generatesstimulus inputs to the subject. This console has such
modules as a keyboard, a microphone, -1 bank of switches for selection of
program subroutines, control for selecting and manipulating the projectors
and the CRT, and a feedback monitor from the subjects (see Figures C5and C6).

The stimulus presentation mechanisms are housed in three separate bays, one
each for the CRT, the slide projector, and the movie projector. A possible
variation would use only two bays, with the still and movie projectors inte-
grated into one unit. The CRT would possess static and dynamic image
capability, the latter being introduced into the system by observer action
with computer assistance.

The subject can make responses using the keyboard, pushbutton array, or
joystick. The specific mechanism used would depend on the experimental
requirement. Written, syntactical ;esponses would require using the key-
board; a multiple-choice situation could use the pushbutton array; and in a
tracking situation the subject would use the joystick. The mechanisms
would be activated as required.

The more important control and monitoring functions in Concept B are listed
below; numbers correspond to those in Figure C6.

(1) Clock: Giver real time status to the observer.

(2) Speaker: Used primarily for communication between observer
and subject. Volume control is mounted below the speaker.

(3) TV Monitor: Used to observe the behavior of the subject(s).
Controls for brightness, contrast, focus are located below
the CRT.
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(4) Slide projection control module. The subcomponents of
this module are:
(a) Time Controls -- Thumbwheels are used to enter the

length of time, in seconds, for selected stimuli to be
presented as well as the time between presentations.
Time interval is selectable between 00.1 and 99. 9 seconds.

(b) Focus -- The sharpness of the images on the screen can be
remotely adjusted. Feedback as to proper focus ib obtained
by verbal exchange with the subject viewing the image.

(c) Fwd and Rev -- This control permits a series of slides to
be projected in either a forward or reverse sequence.

(d) Auto-Manual -- The "Auto" position allows a sequence of
slides to be projected in a programmed sequence. The
"Manual" mode permits actuation only by the "Fwd" or
"Rev" button each time a new slide is desired.

(e) Random Select-Execute -- Allows the random selection of
slides with a magazine load. The desired slide is selected
by depressing the number buttons; the selected slide is then
projected by depressing the "Execute" control.

(5) Movie projection control module. The subcomponents of this
module are:
(a) Focus -- Used to remotely adjust the sharpness of a moving

picture image on a screen. Proper focus is knowd from
feedback given by subject.

(b) Speed-fps -- Used to adjust the frame speed from stop to
slow to accelerated motion.

(c) Fwd and Rev -- This control allows movie images to be
projected in a forward or reverse sequence.

(d) Footage -- Gives indication of reel status in terms of how
much has been projected and how much is remaining. Csn
be used to select given portions of film by denoting footage
position.

(6) Programmed Mode. Contsins a bank of 25 pushbuttons to select
and actuate any one of 25 programmed operations.

(7) Option: Spaces to allow any co.ltrol addition, e. g., inclusion of
a Rand Tablet for graphic t... ta by the subject.

(8) Console Control. Located near the center of the console and allows
observer to select controls required for operating the system.
These are:
(a) On-Off -- Activates arid deactivates the entire system. i. e. ,

the control console, all computer equipment, subject's
console, etc.
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(b) Mode Select -- Selects the operation of either the CRT, slide
projector or the movie projector.

(c) Computer-Manual -- Allows the execution of the experiment
to be either computer or manually controlled.

(d) On Line-Off Line -- Allows either on-line or off-lice input/
output open.tions.

(9) Alphanumeric Keyboard: Used to es-ter text material and data to
CRT or the computer. Allows program modification and interchange
with E.-, jects.

(10) Option: Space to locate additional controlling or monitoring devices.

(11) Keyboard: Contains a group of keys to implement off-line functions.
Used primarily in computer mode for clearing memory, editing,
and relocating inputs.

Other Concepts

Concepts A and 11 represent the extreme and the middle of a continuum,
from full automation to completely manual operations. Variations of these
two concepts are, of course, possible and might have advantages for certain
specific experimental conditions. For example, the automated scheme
(Concept A) can have multiple visual presentation surfaces, or the response
may be made using the keyboard, pushbutton or joystick, The manually con-
trolled scheme (Concept B) could use only the CRT for stimulus presentation.

An additional concept would be one of complete manual operation. There
would be slide and movie projectors, a memory drum, a tachistoscope, etc.,
for stimulus presentation. The subjects would respond by writing on paper,
or using whatever equipment is supplied. The actual operation of an experi-
ment would have minimum mechanical aids (and cost).

It is immediately apparent that this concept is not worth considering in light
of NTDC's needs for conducting research, the complexity of which, must
parallel the kinds of tasks performed by the operators of Naval systems.
Only simple experiments could be run because the observer would become
increasingly overloaded as task complexity increased. Also, without a
computer, equipment requirements would change with suer 'oding investigations,
since such changes could not be accommodated by software modification.
Finally, it would be virtually impL:ssible to conduct multiple-subject studies.

EQUIPMENT AVAILABILITY AND COST

There are two ways to bring the design concepts into reality. One is to
initiate an R&D program to custom design and build all the necessary equip-
ment. A preferable alternative is to search the market for off-the-shelf
equipment and integrate these items, as modules, into a functioning system.
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Because of the limited scope of this work, the second alternative was chosen
to determine the feasibility of the concepts. It appears that system require-
ments can be met with commercially available equipment.

This section deals with hardware selection. For the most part, the informa-
tion is based on sales brochures, articles in trade publications and discus-
sions with sales engineers. Hence, the quality, reliability and operability
of the hardware have not been verified by actual test. However, engineering
judgment and analysis was exercised before they were selected for inclusion
in this report. Only major hardware items such as the CRT and related
equipment, the slide and mo-iie projector, the Rand Tablet, the keyboard,
the joystick, and certain sound equipment items are discussed along with
some computer software considerations.

The CRT and Related Equipment

Two types of CRT displays can fulfill the device requirements. These are
the raster (spot scanning) aad the stroke (controlled motion) methods of
display generation.

In general, for display information generation by computer, the picture
resolution of rasters is not asnhigh as that of the stroke. The former is
used where the static background is very complex and is slowl:, but con-
tinuously updated. In addition the raster CRT display requires more soft-
ware support than the stroke method.

The raster-type generated CRT color presentation requires a large com-
puter memory to obtain good color image resolution for each picture pre-
sented. For example, a computer-generated raster color image with a
horizontal and vertical resolution of 512 x 612 lines would need a minimum
of eight levels of intensity (three bits) for good image definition. Additionally,
three bits would be needed for color selction for each element. This would
require a total of 512 x 512 x 3 x 3 = 2, 359,300 bits for the display. At a
nominal expense of 3 cents per bit, a memory system would cost $78, 000.

When computer display generation using the raster method is compared with
the stroke method, the latter is less expensive as far as software i? concerned.
This is because the stroloe method requires, in generr.1, fewer programmed
points to generate a given picture.

A typical stroke system capable of alphanumeric CRT display may be
eatained from Information Displays, Incorporated. This system is capat le
of displaying a full-page format of text as well as randomly positioned vec-
tor and alphanumeric symbols. Up to 630 alphanumerics or special symboli
with a choice of 64 different characters can be displayed on one CRT. Text
entry can be made via keyboard or by computer program, with spacing, line
advance, carriage re...rn, etc., capability. The CRT display will Interface
with any type computer as well as with any type of digital system. The
equipment is entirely solid-state. This alphanumeric CRT display system
is available for $40, 000 to $80, 000 depending on the options chosen. .
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An alternate stroke CRT display system capable of displaying 36 alphanu-
meric symbols in red, green. or blue colors on a 17-inch color display tube
is available from Ferranti-Packard Electric Limited. The display console
presents stored information sent from a computer located at a remote site.
The information is transmitted to the console where it is processed by means
of transistorized logic and then stored in a. temperature-controlled ferrite-
core memory. The display tube will accommodate 20 lines of 20 characters
of 3/3-inch dimension with at least a 30 percent adjustabiliLy in character
height. Feice without interface is about $32,000.

As oreviously stated, visual presentation using a single CRT can also be
accomplished with a closed-circuit TV system. A TV camera takes the
desired input from either a slide projector, a movie projector, or a CRT
and outputs the presentation on a monitor CRT. It should be noted that, in
hie case, two CRT's are involved -- the CRT viewed by the subject and the
CRT generating the images. The former is a monitor (raster) type with high
resolution and does not require complicated software support. The latter is
computer operated and does require software support. While it may seem
redundant, the latter is necessary for generating static and dynamic displays
when either the slide or movie projector can not be used.

The associated TV camera can be operated remotely to swing horizontally to
view a desired output display or, at extra cost, electronic switching can be
used.

Equipment for synching the CRT display rate and the moving-picture frame
rate with the scan rate of the TV camera would also be required, especially
with the variable frame rate of the moving picture projector. A closed-cir-
cuit TV color system with remote control would cost $15,000 to $18,000 and
can be obtained from Cohu Electronics, Inc.

Options for rear projection of both slide and moving pictrres can be accom-
plished with either stroke or raster techniques of symbol generation. The
rear-projection technique readily lends itself to the stroke method of dis-
playing random vectors and alphanumerics on one cathode ray tube. The
static image can be projected directly onto the CRT by a computer or manually
controlled slide projector. The vector and alphanumeric information can be
displayed in color, if desired, by employing a color CRT. A rear-projected
alphanumeric, vector display utilizing stroke methods for generating symbols
can be more efficiently used in a display anode where the display information
ie not too complex (e.g., a topographical display) for a background.

A black-and-white rear-projection CRT, in eithcr 7- or 19-inch diameter,
may be obtained from Sylvania for $1600 or $2500 respectively. A four-color
19-inch CRT may be obtained on special order for $50. 000. Other rear-
projection black and white CRT's are available from Westinghouse. A two-
rear-window 10-3/4-inch diameter CRT costs approximately $2,000, a
single-window 7-inch model costs $900. A CRT diameter of 19-inct.c8 or
larger is probably desirable for L, Re and T usage (Neal, 1968).

For rear projection on a CRT or on a regular screen, slide and movie pro-
jector equipment is required.
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Slide Projector

S There are numerous slide projectors on the market that use ail efficient
rotary magazine. Two satisfactory types are random-access models manu-
factured by Kodak and Hoppman Corporation. These instruments can be
placed over a Carousel rotary trey with no modification or F, pe^.ial tools
required, and can call up any slide in any order within 2 seconds. la addi-
tion, they have remote focus and forward and reverse controls. Both items
cost about $795.

Another acceptable device that can perform all the above functions is the
Selectroslide manufactured by Spindler and Souppe. This unit uses its own
specially designed rotary magazine and can handle up to either 48 or 96 slides.
The Selectroslide costs $1596 to $2422, depending on lens and elide options
chosen.

Mo-,-ie Projector

A movie projector that meets device requirements is the Bell and Howell
No. 566. This unit can be remotely operated for focus, rate, on-off, and
forward vial reverse. It can automatically load film and has a large reel
capacity. The cost of the projector is $770.

Elide and Movie Projector Integration

A console manufactured by the Hoppman Corporation, Model CPS 48, has the
capability of sidpittying both slides and moving pictures on one screen (includ-
ing a CRT). This unit can do all that the slide and movie projectors mentioned
above can do and has additional special features. It can use any other pro-
jector with suitable lens and mounting. In ad, ition to 2 x 2 and 3-1/4 x 4-inch
slides, this unit can also project 8 x 10-inch crarsparencier, and opaque
piCtures, and it is relatively easy for the operator to switch from one medium
to another. The capability of superimposing two different slides on a screen
and the ability to synchronize sound with tape is also included. The screen
size can be either 25 x 34, 36 x 48. or 50 x 70 inches, all of which are suit-
able for use in a multiple-subject run condition (Neal, 1968).

Cost of the CPS 48 with the Bell and Howell No. 552, Kodak t.V 900 and
special lens is $4,985. If the Spindler-Souppe unit is substituted for the
Kodak unit, $1,000 to $1,700 more must be added to the cost. The super-
imposed image feature costs $40(i for either 2 x 2 or 3-1/4 x ( -inch slides
or $440 for a combination of these two sizes. The sound synchronizer is SI n
additional $475.

The Hoppman projc ctor and CRT modules are usable for either Concept A or
Concept B depending on the method of incorporation. For example, the slide
projector can be used with a rear-projection CRT or by itself using a regular
screen, The computer-operated CRT can be used as a direct interface with
a subject, or it can provide images to a CRT monitor via a TV camera.
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The Rand Tablet

The Rand Tablet, one of the manual response mediums, 7%as already been
discussed in detail. Two ..tommercial versions, the Graiagon 1010A and the
2020, are available from Bolt, Beranek and Newman. The tablf:t itself sells
for about $9,000. With certain interface and recording equipment the cost
is between $21,000 to $33,000. A less expensive version is to be available
from Sylvania, but no specific data on this system are available at tht time.

Keyboard

A self-contained keyboard, with each key coded to a selected specification,
is available from Control hesearch Corperation. Individual keys and inte-
grated circuitry 6iford complete flexibility in arrangement and number, The
keyboard can interface directly with digital printers, CRT display systems,
computers or other information storage systems. The standard keyboard
generates a coded output in standard seven-bit ASCII fornLat and is available
for $ 300 to $ 400.

Joystick

The joystick can be used to control a cursor or vector on the random vector
'alphanumeric CRT display for target tracking training. Digital information,
in accordance with the direction and force applied to the joystick, is sent to
the computer and there processed into commands for the movement of the
cursor on the CRT display. A two-axis isometric joystick with such capa-
bilities can be obtained from Measurement Systems, Incorporated, with
prices starting at $1,000. Pulse output circuits for use with digital-controlled
equipment and displays are available as extra-cost options.

Sound Equipment Items

The field of sound recording and reproduction offers -. wide choice of equip-
ment available for a reasonable price. The overall quality of sound equipment
from most of the major manufacturers is high. The selection of the following
items for the designed device is representative of equipment in this area:

Loudspeakers Many speaker systems are available on
the market that meet the fidelity and power handling require-
ments specified. The acoustic suspension types are most
desirable, primarily because of their compact size, Manu-
facturers such as Acoustic Research (AR) and KLH have
several acceptable models, The AR-3 is recommended
and coats about $225,

Headphones As with loudspeaker systems, there are many
high-quality headphones on the market that meet design require-
ments. Most of the headphones coating over $25 from reputable
makers such as Koss, Telex and Superex are acceptable.
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Amplifier -- Stereo amplifiers with 25 watts, or more,
per channel are desirable for driving the acoustic-sus-
pension-type speakers or for use with multiple speakers.
Acceptable amplifiers for the device art! Sherwood S9500BS
at $190, Scott 299F at $180, or the AR 120 at $225,

Tape Deck -- The tape deck can be uses with the pre-amp
featuRiTA the above amplifiers. The versatile, three-
speed models such as the Sony 580-D at $30) or the Ampex
1450, also at $300, are acceptable.

Other Items

Two-way telephone communications between subject and observer can be
provided by an intercom system. The observer should be able to communi-
cate with as manv as 30 subjects sirnultaneouply or independently. The
typical cost for a communications system is 270 for one master station and
10 substations; more stations can be provided at extra cost.

The observer can view his subject's physical reactions by employing an inex-
pensive closed-circv:t television system. Since cept'inal TV picture
resolution is not needed, a commercial black and white 'fV receiver can be
used with a closed circuit TV camera that has an RF output. The Vidicon
camera, which would be acceptable, costs about $300, The monitor sells
for an additional $355. The mounting hardware required is not included in
these prices.

Engineering time and effort would be required to totally integrate all the
modules into a working unit. These costs would add substantially to the
overall ex2enditure.

A control console which would allow an experimenter to make stimulus inputs
and otherwise interface with subjects is required for Concept B. This con-
sole would require rather extensive design effort.

TRADEOFF CONSIDERATIONS

This subsection evaluates the two design concepts by considering such factors
as inherent value, cost, engineering constraints, and practicality.

Advantages and Disadvantages

Concept A -- Concept A has several inter-related attributes which make it
tractive. These are: a high degree of experimental control; ease of
operation; and flexibility of use. These attributes will be discussed in detail.

The positive features of Concept A are:
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Experimental Control -- The experimenter has a superir,r
arrangement terms of equipment and the running of his
studies. By careful planning and programming, all rele-
vant variables affecting stimulur and response ... the
timing, the quality and quantity of input and output, the
recording of data, etc., are precisely controlled and exe-
cuted. This high degree of precision is not achieved with
other approaches.

An experiment that is completely programmed and computer
executed provides a constant, invariable condition to all
subjects. This minimizes, tr not eliminates, many extran-
eous and undesirable influences which are usually present.
The human experimenter can r ake errors in presenting the
stimulus; he can unintentionally deviate from a standard
testing procedure; or he may unknowingly communicate hints
or cues to subj s Subtle personal interaction between
experimenter and subject can easily affect the outcome of an
experiment.

Ease of Operation -- Concept A minimizes the task loading on
the observer. The automation of stimulus presentation,
experimental sequencing, and response recording frees the
observer to focus his attention upon the essence of the experi-
ment rather than by concerned with mechanical operations.

Flexibility of Use -- Within the framework of L, R, and T
experiments, there are numerous possibilities for studies
using the given basic equipment. For example, the possi-
bility of setting up a wide network of participants in various
geographical regions is worth considering seriously. Beyond
L, R, and T studies, the basic apparatus could also be used
for any experiments requiring the stimulus and response
modes described.

Concept A also has its liabilities. Although the described system is possible
to implement, the realization of its potential could be extremely costly, diffi-
cult to support, and not as reliable Le desired:

Cost -- In addition to the basic cost of 'he equipment, Con
cept A has a high software cost factor. The writing of a simple
computer program usually takes about a week including various
debugging. The present rate for programming varies from
about $350 (for programmer technician) to about $1500 (for
consultant) per 40 hours of work. A complex program can
take months to complete and involve many people.

Difficulty of Software Support -- A basic rule of thumb is that
the more complex the experiment or the less structured the
response conditions, the more software or programming
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required. Concept A is almost totally dedendent on high
quality programming, Without it the system will not v:ork.

For example, the simple requirement for projecting a sequence
of images on the CRT screen necessitates, among other things,
a logic for projector interrupt to projector output data routine.
Since the timing of the projected sequence is important, the
incorporation of an internal programiLed time clock or the
intervention of a real-time clock is needed. The program has
to be tied in precisely with the terminal equipment and other
supportive devices.

The requirement for recording the responses from subjects
must also be considered. Among other things an analysis of
the various characteristics of the response is needed; the
requirements as to whether to record the incoming response
data on magnetic tape or to temporarily store it in memory
has to be investigated and coordinated with on-line and off-line
functions. Thus, the programming requirement for response
recording is complicated. This complexity is increased many-
fold if programming includes dynamic interactive responses such
as are found in decision-making tasks.

Therefore, the acquisition of a workable program can be
involved and complicated. A completely thorough analysis
of the experimental situation is needed and all contingencies
must be accounted for and dealt with correctly for the concept's
potential to be resilized.

Reliability -- The fact that only a. single stimulus surface and
a single response unit are used imposes a high reliability
requirement on the equipment. If either one fails the system
becomes inoperable. Even the highly reliable modern electro-
mechanical components do fail at times. This can be a seri-
ous problem if there is no provision for "spare" or redundant
modules in the system.

Concept B -- Concept B represents a compromise between automatic and
manual control which gives this design certain virtues and faults. The main
advantages of Concept B are as follows:

FroRramming -- One of the prime advantages of Concept B is that
it is not totally dependent on perfected computer programming
(and automation). The observer can introduce and manipulate
stimulus inputs at will from his control console. He has
greater freedom and flexibility within the experimental envir -
onment.

o Cost -- The equipment in Concept B would be less expensive
Wan for Concept A. There are fewer items (e.g., the closed
circuit TV system for stimulus presentation would be elimin-
ated), and the items that are used are less sophisticated. The

95

PN



NAVTRADEVCEN 68-C-0215-1

amount and complexity of software is not as great. The
reduction in costs -- from the standpoint of time and effort --
would be piglificant.

Reliability -- The fact that multiple stiwulus and response
equipment are used offers alternatives to the observer who
is controlling the experiment. If or,: module fails there are
still others available for use.

The primary disadvantage of Concept B is that tlo execution of experiments
would not have the degree of precision found with complete programming and
automation. Neither would it have the constancy of experimental conditions
from one subject to another. The frailties of the human observer might possi-
bly enter into the experiment.

Other Considerations

The above are the major advantages and disadvantages of Concepts A and B.
To a largo extent, these considerations are theoretical and general. (This
statement also applies to the details of the systems in other sections). To
make either concept a reality requires more practical considerations, all
of which can be reduced to one main factor -- cost.

The basic types of equipment for possible use for each of the t:oncepts have
been enumerated. For Concept A, the cost ranges between approximately
$74, 000 and $189,000; for B, the range is $45, 000 to $91, 000. For both
concepts, the difference in the price reflects selecting extremes among the
equipment options available. For example, the higher price for both A and
B includes an expensive special-order 19-inch color CRT with rear projection;
the lower price includes a regular 19-inch black and white type ($50, 000
versus $2, 500). For Concept A, the higher price includes a large Rand
tablet plus much peripheral equipment, while the lower price has a small
Rand Tablet with only the essential interface equipment ($35, 000 versus
$21,000).

Yet these prices alone do not tell the full story. It would be erroneous to
believe that by investing these sums either of the conceptualized systems
could be obtained. The money would merely buy the basic, essential mechan-
isms required for the multiple-purpose device.

The true cost would depend on the approach taken to actualize the concept.
Two approaches could be taken; One would be to purchase the off-the-shelf
items and build them into an operating system. In this case, additional
money would be needel for cabinetry and equipment housing, engineering
packaging of the hardware, logic design for the control and actuation of all the
equipment, and systems integration. The other approach would undertake an
engineering project to achieve a custom-built system. The task would include
provision for detailed specifications, performing the necessary 7:esearch and
development, designing the equipment, and building the designed equipment.
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It is difficult to estimate the cost for this second approach, but it would be
much higher than the first.

Implicit in the operation of either system A or B is the computer and its
necessary peripheral equipment. The computer system would, of course,
not be a cost factor if this were already available. To acquire the basic
system, however, even with a relatively slow speed and small memory capa-
city, the coct would be about $30,000. The Honeywell 316, with a speed of
3. 0 mkroseconds and memory capacity of 4K, including paper tape punch,
paper tape reader, card reader and teletype equipment is in this price range.
Higher speed and a larger memory capacity would be more expensive. The
Honeywell 516, working at 0.9 microsecond would cost an additional $15, 000.
Additional memory costs about $8, 000 per 4K. Thus a basic computer system
with 20K of memory would cost between $60, 000 and $75, 000.

In all likelihood, the software support required to operate the system would
cost more than the hardware. Good programming requires long hour s of
careful planning, enalysis, writing and debugging. The greater the degree
of automation, the greater the requirement for comprehensive programming.
If automation or semi-automation is adopted for the multipurpose device, then
programming is a constant recurring cost in the system.

SUMMARY AND RECOMMENDATION

The purpose of this tusk was to develop conceptually a multipurpose device
for the experimental study of learning, retention, and transfer. The basic
requirements for psychological experimentation were examined, and the
functional features of the device were enumerated.

It is apparent that, to substantially improve upon a mere "collection" of
mechanical devices, some degree of computer-assistance is desirable and
necessary. Two major concepts were developed, one essentially automated
and the other a combination of manual and automatic operation.

From a conceptual point of view, the automated version would be the ideal
way to perform experiments. However, to achieve this goal might push the
present state-of-the-art. There are still limitations in computer software
and hardware.

Thus, the combination of automatic and manual operation is more practical
and more easily attainable. Concept B would have a significantly lower
procurement and operating cost, Operations of the device would not be totally
dependent on "perfect" programming, for a human operator can back up the .

computer when necessary.

In Concept B, the two-ba method of presenting visual stimuli is preferable
to the three-bay method. One bay would be used for the CRT and the other
bay would be used for the slide -movie projector combination. It is also
recommended that a Rand Tablet be added to the system as soon as possible.
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Components for this system are listed in Table C5. Also included are cost
figures, part numbers and the supplier's name. The cost of integrating all
these component& into a specific system was not estimajesti.
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APPENDIX D
TASK ANALYSIS FOR IDEAL SYSTEM OPERATION

A task analysis was performed which served as the basis for specifying the
steps involved in ideal operation of the communication system. This analysis
is diagrammed on the following pages.
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,
APPENDIX E '"''.

MANUAL OF INSTRUCTIONS - EXPERIMENT I

INTRODUCTION

wronwomoom nemiraVel

This experiment is the first in a series of studies investigating ways to
improve training of complex-system operators.

You will be asked to learn to operate a communications system similar in
so, ways to that used in worldwide communication networks. Your task,
as an operator, will be to man the Communications Control Console (CCC),
which is the hub of the communications system.

The purpose of the communications system is to enable a Troup of communi-
cation facilities or Subscribers, located at relatively great distances from
one another, to transmit and receive messages among themselves. Because
of the distances involved and the limited range of each subscriber's radio
equipment, the CCC is necessary to provide signal boosting or amplification.
In other wo.-ds, all messages from one subscriber to another must pass
through the CCC. When the CCC is involved only for amplification, the
communication routine will be referred to as SUBSCRIBER to SUBSCRIBER

..;;

However, not all transmissions can be made in such a simple manner.
Because there are variations in the type of radio equipment (frequency) used
by the subscribers, it is not always possible for one subscriber to receive
messages from another's transmitter. In these cases it is mandatory that
the originator of the message send it to the CCC on the originating subscriber's

,
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frequency. It must then be transmitted from the CCC to the receiving sub-
scriber, on the latter's frequency. This process occurs in two die lrete
steps; i.e., Sender to CCC and CCC to Receiver. This more complex form
of communication wit1 be referred to as SUBSCRIBER to TERMINAL to
SUBSCRIBER (S-T-S).

In addition to frequency disparity, there are sometimes cases where two
communicating Subscribers employ different languages. When instances of
language disparity occur it is also necessary to employ the S-T-S mode of
operation. The identical S-T-S routine is used to overcome both language
and frequency disparities. In fact, it is sometimes the case that both types
of disparity are present. Remember, the important thing is that processing
of the message at the CCC is necessary before it can be relayed to the
receiver. However, you need not be concerned with just how the processing
takes place; but only with the fact that two steps are involved in communi-
cating in the S-T-S mode.

A third mode of operation is sometimes used. This mode is nec s 'ry be-
cause there is only a limited number of channels on which subscribers can
receive messages. When a subscriber requests that he communicate with
another subscriber, through the CCC, and all channels usable by the.,
receiving subscriber are occupied, the console operator must determine
whether the present message is of a higher priority than any of those cur-...,
rently occupying usable channels. When the incoming message is of higher
priority, one of the channels must be opened. This requires that the operator
interrupt some lower priority communication. Interrupting a channel
merely opensthat channel to the receiver. The interrupt routine is used in
conjunction with either the S-S or S-T-S routine.

t ti, ), ttilj ;1

Finally, there sometimes exists the situation where all usable channels are
occupied with equal or higher priority communications than that being
requested. In this case the CCC operator must inform the requesting
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subscriber that he must wait to transmit. This is accomplished in two ways.
depending upon the priority of the requested message.

During training you will have access to all materials, procedures, and rules.
You should try to master these during training so that you will refer to t.
as little as possible in the later testing session. Scoring is basrd on both
_accuracy and time needed to complete the communications link, which is
called a patch, so it is to your benefit not to have to refer to the reference
materials during the testing session.

There will be two phases of training. In the first, you will be given time to
learn some of the rules and procedures of the communication system. You
will also be given the list of subscribers, the language of each, and his
frequency capabilities to study.

In the se,:ond training phase, you will be given some practice problems with
assistance from the experimenter, if necessary. Then you will do 30
problems on your own.

During the final session, you will be givt.n 30 additional problems of the
same type to do on the communication console.

112
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GENERAL SYSTEM CHARACTERISTICS

The Communications Control Console is the device which makes possible the
patching of one subscriber to another so that they can communicate. The
console has five channels on each broadcast frequency: High Frequency (HF),
Very High Frequency (VHF), and Ultra High Frequency (UHF). Some sub-
scribers have only one frequency capability, some have two, and some have
all three capabilities.

Each subscriber communicates in only one language: English, German,
Spanish, Greek, or Swedish.

When a subscriber requests that a patch be made between him (Sender) and
another subscriber (Receiver), he places a priority on his communications
request. Priority One is extremely urgent and must be patched if at all
possible. Priority Two is very important but not urgent. Priority Three is
used for routine communications which should be completed but can wait if
necessary.

These three factors, Frequency, Language, and Priority, must be considered
each and every time you make a patch between sender snd receiver. Tables
summarizing the rules associated with these three factors are provided.
Table 1 (pay ) gives the frequency rules; Table 2 (page ) the language
rules; and fable 3 (page ) the priority rules.

At the left of the CCC are three transilluminated panels. The fop panel dis-
plays the SENDER identification number, the middle one displays the
RECEIVER identification number, and the bottom panel displays the priority
of the call currently being requested.

110



Kefileiftkraserafter,

NAVTRADEVCEN 68 -C -0215-1

The center of the CCC contains frequency and channel information. The top
row of switch-lights are frequency selectors. When activated, each switch
selects a frequency; either HF, VHF, or UHF. In the unactivated position,
the top half of the indicator is illuminated. When activated, both top and
bottom are illuminated. These switches called Frequency Selettors, are to
be used to link a SENDER to the TERMINAL (console operator) or to link the
TERMINAL to the SENDER.

Below the frequency selectors are the three columns of channel selectors for
HF, VHF, and UHF communication. These switch-lights serve two functions.
First, they are used to select a channel through which a communication to a
receiver is made. Second, they provide information about which channels
are currently in use and the priorities of these messages. Priority informa-
tion is provided according to the following color code:

Red

Green

White

A PRIORITY 1 message is currently
occupying the channel

A PRIORITY 2 message is currently
occupying the channel

A PRIORITY 3 message is currently
occupying the channel

No Channel unoccupied
illumination

The upper right section of the panel contains the PATCHING DIALS. These
are two rotary switches which are numbered clockwise from 0 to 31.
Lettering on the panel is in units of 5, but there is a switch position for all
numbers zero through 31. The left dial connects the SENDER arid the right
dial connects the RECEIVER.
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Below the patching dials are three OUTPUT SIGNAL switches BUSY,STANDBY, and CONNECT." They are illuminated
in the top half when theswitches are not activated and wholly illuminated when activated.

Below the OUTPUT SIGNAL switches is a TRANSMIT
signal pushbutton. After

you have selected an output signal, you must always activate the trans-
mit signal pushbutton.

During the presentation of problems,
you will have access to all necessary

information. This information is contained on 35 mm slides. You willnotice that a slide selector is located on the shelf before
you. Above

the CCC is a screen which displays
the selected slide. I will nowdemonstrate the use of the information

display.

::; C';

0



I

NAVTRADEVCEN 68-C-0215-1

OPERATIONAL REQUIREMENTS

SUBSCRIBER TO SUBSCRIBER

The simplest and most straightforward mode of communication is S- S. This
mode can be used only if all the following conditions pertain:

1. There is a common language

2. There is a common frequency

3. There is an open channel on the common frequency

SUBSCRIBER TO TERMINAL TO SUBSCRIBER

The communication must be processed S-T-S, if any of the following condi-
tions exist:

1. There is a language disparity

2. There is a frequency disparity

3. There is an open channel within the receiver's capability, but not
the sender's.

CHANNEL CLEARING

The Interrupt routine is used when both of the following conditions exist:

1. There is no open channel within the receiver's capability
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C)
2. There is at least one channel usable by the receiver which is

occupied by a lower priority message.

COMMUNICATION REQUEST DENIAL

A communications patch cannot be made and the incoming request is denied
if both of the following conditions are present:

I. There is no open channel within the receiver's frequency
capability; and

2. All channels within the receiver's frequency capability are
occupied with messages of equal or higher priority.

1
114



NAVTRADEVCEN 68- C- 0215 -1

PROCEDURES

To process a communication request, the Operator must decide which mode
and which procedure to use.

To make a simple S-S patch, the Operator executes the follow!ng routine:

1. Select SENDER Identification Number (ID) on the left
PATCHING DIAL

2. Select RECEIVER ID on right PATCHING DIAL

3. Select an appropriate CHANNEL

4. Activate CONNECT OUTPUT SIGNA L

5. Activate TRANSMIT signal

S-T-S ROUTINE

To make an S-T-S patch, the Operator must:

1. Select SENDER ID on left PATCHING DIAL

2. Select position 1 on right PATCHING DIAL

3. Select a FREQUENCY within sender's capability

4. Activate CONNECT OUTPUT SIGNAL

5. Wait for CONNECT light to go off

6. Select position I on left PATCHING DIAL

7. Select receiver ID on right PATCHING DIA L

8. Select an appropriate CHANNEL,
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9. Activate CONNECT OUTPUT SIGNAL

10. Activate TRANSMIT signal

CHANNEL CLEARING ROUTINE

To interrupt a channel, the Operator uses the following routine:

1. Select position 30 on both PATCHING DIALS

2. Select CHANNEL to b3 interrupted

3. Activate BUSY or STANDBY OUTPUT SIGNAL depending on the
priority of the interrupted channel

4. Wait for CHANNEL to be opened

5. Activate TRANSMIT signal

COMMUNICATION REQUEST DENIAL ROUTINE

To deny a communication request:

1. Select position 1 on left PATCHING DIAL

2. Select sender ID on right PATCHING DIAL

3. Select any FREQUENCY within sender's capability

4a. Activate STANDBY OUTPUT SIGNAL if sender's request was
Priority 1 or Priority 2,

4b. Activate BUSY OUTPUT SIGNAL if sender's request was
Priority 3

5. Activate TRANSMIT signal
e
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TABLE 1
FREQUENCY RULES

1. Subscribers can communicate directly (S-S) only on channels common
to both parties.

2. If there is no open channel common to both, go to S-T-S mode. (See

Priority Rules.)

3. If common channels are in use and cannot be interrupted (See Priority
Rules) and there is no open channel usable by the receiving subscriber,
a patch cannot be made and the sender's request is denied. (See

Priority Rules. )

4. If channels are open on more than one usable frequency, use a channel
on the least-occupied frequency.

TABLE 2
LANGUAGE RULES

1. Subscribers can communicate directly (S-S) only in a common language.

2. If there is no common language, the message must be translated

120
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TA I3LE 3

PRIORITY RULES

PRIORITY (P-1) MESSAGE

If all channels within the receiver's capability are filled with
P-1, deny sender's request and place sender on STANDBY.

If all channels are filled with P -i and/or P-2, interrupt the
uppermost P-2 and then proceed with the patch.

If all channels are filled with P-1, P-2, and/or P-3, interrupt
the uppermost P-3 and then proceed with the patch.

PRIORITY (P-2) MESSAGE

If all channels are filled with P-1 and/or P-2, deny sender's
request and place sender on STANDBY.

If all channels are filled with P-1, P-2, and/or P-3, interrupt
the uppermost P-3 and then proceed with the patch.

PRIORITY (P-3) MESSAGE

If all channels are filled, deny sender's request and place
sender on BUSY.

0
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FINAL OPERATING INSTRUCTIONS

The initiation of a communication problem is signalled by the onset of the
various indicators on the CCC panel. Your task is to process or deny each
communication request as rapidly as possible, consistent with very high
levels of accuracy. Your performance will be evaluated in terms of the
average time required to complete each problem. Although you will be paid
a minimum of two dollars per hour, you can earn as much as four dollars
per hour by operating at highest levels of performance. It is vital that each
communication be processed without errors, but you should not delay
unnecessarily.

We are very much aware that your task in this experiment is very complex.
The high difficulty thereby produced is necessary in order to adequately
simulate the kinds of jabs performed by equipment operators in actual
systems. Therefore, you must make an attempt to grasp the basic function
of the system rather than simply memorizing rules and procedures. Do not
hesitate to look up information until you are very, confident that you have this
knowledge.

During the presentation of problems, you will have access to all necessary
information. This information is contained on 35-mm slides. You will
notice that a slide selector is located on tha shelf before you. Above the CCC
is a screen which displays the selected slide. I will now demonstrate the use
of the information display.

Before the presentation of each problem, I will say "ready". If there are no
questions at this time, we will begin the first problem - - - - READY.
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APPENDIX F
IMAGERY SEQUENCES

As part of Experiment II, 35-rnm slides were prepared which depicted, in
cartoon form, sequences of activities involved ,n air travel which were
analogous to the transmission of messages from one subscriber to another.
These imagery sequences, identified by the slide numbers called out in the
manuals of instruction (Appendix G),are shown on the following;pages.
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Slide 41

lb LIKE TO GO TO
ATLANTA PLEASE

YES NR! I CAN GET YOU
A MON./ OP PLANT
mum WA' !

Slide 42

126
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Slide 43

Slide 44
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IV LIKE TO GO TO
HOUSTON

YES SIR um YOU'LL
HAVE TO CHANGE
MAKS IN CHICAGO!

Slide 45

Slide 46

128'
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Slide 47

Slide 48
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Slide 49
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/eV-- N"V-)sv 'I.,'
' GATE 6 YOU'LL HAVE TO

(EITNEIL.. INTIIMPI ODOM our OWE OF THE Klx-mat
AustmGaRs ON STAMM',
I'VE JUST IOOKCD THE
AMEMMADOR ON THIS FLIGHT!

..._...._ %........._.

(01...011011111,1 INSTJ

Slide 50

GATE 6
TN" E "TritlieSEY PAST

I PASSENGER FROM THE PLANE!
WE MANE TO MAKE ROOM FOR
THE RMGROGADOR.,

ID. /

Slide 51
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(DLNy sTiNplyi I SORRY, SOLO OUT!
CAN PUT

ONYOU ON STANDAYI

LI 113VII

Slide 52

SORRY. WE'RE 1,OOKED SOLID!
NO MILITARY FARES ARE AVAILAIRE:y
YOU'LL WE TO TARE TOMORRO'N
AFTERNOON'S MONT f

Slide 53

134
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APPENDIX G
MANUALS OF INSTRUCTION - EXPERIMENT II

Because Experiment II involved four combinations of treatment conditionsduring training, it was necessary to develop four versions of the manual.These are reproduced in this appendix end are identified as follows:

No Imagery, Low Fidelity Manual

No Imagery, High Fidelity Manual

Imagery, Low Fidelity Manual

Imagery, High Fidelity Manual
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NO IMAGERY, LOW FIDELITY MANUAL

INTRODUCTION

This experiment is the first in a series of studies investigating ways to im-
prove training of complex-system operators.

You will be asked to learn to operate a communications system similar, in
some ways, to that used in worldwide communications networks. Your task,
as an operator, will he to operate the Communications Control Console (CCC),
which is the hub of the communtmtions system.

There will be two phases of training. In the first phase you will learn opera-
ting characteristics of the system. In the second phase you will be given a
series of 30 training problems involving the operation of the CCC. You will
return one week from today. At that time you will be given an additional set
of 30 problems, in order to measure how well you remember what you have
learned here today.

The purpose of this communications systems is to enable a group of communi-
catiat facilities or Subscribers, located at relatively great distances from
one another, to transmit and receive messages among themselves. Because
Ir the distances involved and the limited range of each subscriber's radio
equipment, the CCC is necessary to provide signal boosting or amplification.
In other words, all messages from one subscriber to another must pass
through the CCC. When the CCC is involved ally for amplification, the com-
munication routine will be referred to as SUBSCRIBER to SUBSCRIBER (S-S).

However, not all transmissions can be made in such a simple manner.
Because there are variations in the type of radio equipment (frequency) used
by thl subscribers, it is not always possible for ,ne subscriber to receive
messages from anther's transmitter. In these cases it is mandatory that the
originator of the message send it to the CCC on the originating subscriber's

1,
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frequency. It must then be transmitted from the CCC to the receiving sub-
scriber, on the tatter's frequency. This process occurs in two iiscrete steps;
i.e., Sender to CCC and CCC to Receiver. This more complex form of com-
munication will be referred to as SUBSCRIBER to TERMINAL to SUBSCRIBER
(S-T -S).

In e.ddition to frequency disparity, there are sometimes cases where two com-
municating Subscribers speak different languages. When instances of language
disparity occ Lir it is also necessary to employ the S-T-S mode of operation.
The identical S-T-S routine is used to overcome both language and frequency
disparities. In facts it is sometimes the care that both types of disparity are
present. The major difference between the and the S-T-S modes is that
a delay at the CCC is necessary before the S-T-S message can be relayed to
the receiver. Remember, two separate steps are necessary in the S-T-S
mode, while one step is used in the S-S mode.

A third mode of operation is sometimes used. This mode is necessary because
there are only a limited number of channels through which Subscribers can re -
ceive messages. When a subscriber requests that he communicate with an-
other subscriber, through the CCC, and all channels usable by the receiving
subscriber are occupied, the console operator must determine whether the
present message is of a higher priority than any of those currently occupying
usable channels. When the incoming message is of higher priority, one of the
channels must De opened. This requires that the operator interrupt some
lower priority..:ommunication. Interrupting a channel merely opens that
channel to the receiver. The interrupt routine is used in conjunction with
either the S-S or S-T-S routine.

Finally, there sometimes exists the situation where all usable channels are
occupied with equal or higher priority communications than that being re-
quested. In this case the CCC operator must inform the requesting subscriber
that he must wait to transmit.

137
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GENERAL SYSTEM CHARACTERISTICS

The Communications Control Console it the device which makes possible the
patching of one subscriber to another so .hat they can communicate. The con-
sole has five channels cn each broadcast frecoency: High Frequency (HF),
Very High Frequency (VHF) and Ultra High Frequency (UHF). Some sub-
scribers have only one freauency capability, some have two, and some have
all three capabilities.

Each of the 25 subscribers communicates in only one language: English,
German, Spanish, Greek, or Swedish.

When a subscriber requests that a patch he made between him (Sender) and
another subscriber (Receiver), he places a priority Ln his communications
request. Priority One is extremely urgent and must be patched immediately
if at till possible. Priority Two Is very important but not urgent. Priority
Three is used for routine communications which can wait if necessary.

Frequency, Language, and Priority, must be considered each and every_ time
you make a patch between sender and receiver. Tables summarizing the rules
associated with these three factors will be provided.

Let us now see what the CCC looks like. At the left of the CCC ere three
transilluminated panels. The top panel displays the SENDER identification
number, the middle one displays the RECEIVER identification number, and
the bottom panel displays the priority of the call currently being requested.

The center of the CCC contains freq tency ;.rig channel informaticn. The top
row of switch-lights are frequency _electors. When activated, each switch
selects a frequency; either HF, VHF or UHF. In the unactivated position,
the top half of thee indicator is illuminated. When activated, both top and
bottom are illuminated. These switches called Frequency Selectors, are
to b used to link a SENDER to the TERMINAL (console operator) or to link
the TERMINAL to the SENDER. This is a point which is frequently confused.

138
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Remember, the. Frequency Selectors are used only for communication between
the CCC and the Sender. Also, it is important to remember that you can al-
ways use a frequency selector, even when all channels are occupied. Below
the frequency selectors are the three columns of channel selectors for HF,
VHF, and UHF communication. These switch-lights serve two functiOns.
First, they are used to select a channel through which a communication to a
receiver is made. Second, they provide information about whtch channels are
currently in use and the priorities of these messages. Priority information is
provided according to the following color code:

,

- A PRIORITY 1 message is currently occupying
the channel (lighted portion is red)

- A PRIORITY 2 message is currently occupying
the channel (light,c1 portion is green)

- A PRIORITY 3 message is currently occupying
the channel (lighted portion is white)

channel unoccupied (no illumination)

The upper right section of the panel contains the PATCHING DIALS. These
are two rotary switches which are numbered clockwise from 0 to 31. Letter-
ing on the panel is in units of 5, but there is a switch position for all numbers
zero through 31. The left dial connects the SENDER and the right dial con-
ects the RECEIVER.

Below the patching dials are three OUTPUT SIGNAL switches, BUSY,
STANDBY, and CONNECT. They are illuminated in the top half when the
Switches are not activated, and wholly illuminated when activated.

.139
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Below the OUTPUT SIGNAL switches is a TRANSMIT signal pushbutton.
After you have selected an output signal, you must always activate the trans-
mit signal pushbutton.

During the presentation of problems, you will have access to all necessary
information. This information is contained on 35 mm slides. You will notice
that a slide selector is located on the shelf before you. Above the CCC is a
screen which displays the selected slide. I will now demonstrate the use of
the information display.

140
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OPERATIONAL REQUIREMENTS AND PROCEDURES

To process a communication request, the Operator must decide which moth
and which procedure to use.

SUBSCRIBER TO SUBSCRIBER

The simplest and rmat straightforward mode of communication is S-S. This
mode can be used cnty if all the following conditions pertain:

1. There is a common language
2. There is a common frequency
3. There is an open channel on the common frequency

Now here is a sample problem to illustrate the S-S mode. Let us look up
Sencier and Receiver capebil sties. In this case the Sender is number 8 and
the Receiver is number 17. We have provided slips of paper for your con-
venience in noting Subscriber information. Each slip must be thrown away
after each problem. We see that they do speak the same language; they have
a common frequency, in fact they have two frequencies in common, viz. ,
HF alld UHF; and 6ere are open channels on both common frequencies.
Since there are an equa! number c: open channels on both frequencies, you
can use either one.

To make a simple S-S patch. the Operator executes the following routine:
1. Select SENDER Identification Number (ID) on the left

PATCHING DIAL. For now, simply write 6 number 8
on your response sheet here

2. Select RECEIVER ID on right PATCHING DIAL, i. e
write in the number 17 here.

3. Select an appropriate CHANNEL, i.e., the uppermost
unoccupied one. Do this by placing an X here.

4. Activate CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT signal. For now we will use this

switch instead.
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SUBSCRIBER TO TERMINAL TO SUBSCRIBER

The communication rnust be processed S-T-S, if any of the following con-
ditions exist:

1. There is a language disparity.
2. There is a frequency disparity.
3. There is an open channel within the receiver's capability,

but not the sender's.

Here is a sample S-T-S problem involving subscriber 4 and subscriber 12.
(LOok up 4 and 12). We see that 4 speaks Spanish and 12 speaks German.
Therefore we must use S-T-S because of language disparity. Even if both
spoke the same language we would have to go to S-T-S because 4 has only HF,
while 12 has VHF and UHF.

S-T-S ROUTINE

To make an S-T-S patch. the Operator must:
1. Select GENDER ID on left PATCHING DIAL.
2. Select position 1 on right PATCHING DIAL (Position 1

is the terminal address).
3. Select a FREQUENCY within sender's capability; in this case

only HF can be used.
4. Activate CONNECT OUTPUT SIGNAL.
5. Activate TRANSMIT SIGNAL.
6. Wait for panel lights to flash; but for now, wait for this

light to go Lack on.
7. Select Position 1 on left PATCHING DIAL..
8. Select receiver ID on right PATCHING DIAL.
9. Select a CHANFEL within the receiver's capability. Here,

since VHF has three open channels and UHF only tne, we
wit, use VHF.

10. Activate CONNECT OUTPUT SIGNAL.
11. Activate TRANSMIT SIGNAL.
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CHANNEL CLEARING

The Interrupt routine is used when both of the following conditions exist:
1. There are no open channels within the receiver's

capability; and
2. There is at least one channel usable by the receiver

which is occupied by a lower priority message.

We will now look at two problems which require use of the interrupt routine.
The first problem involves zubscriber 18 who wishes to communicate with
subscriber 22. We see that both subscribers are English speaking and that
they each have HF and VHF capability. Now looking at the channel/priority
indications, we can see that all HF and VHF channels are in use. Since all
channels other than HF 2 have priority ones and two, HF 2 having priority
3 occupancy, we will select HF 2 for interruntior. The general rule govern-
ing such situations is that we interrupt the lowest priority channel.

CHANNEL CLEARING WITH SS ROUTINE

To interrupt a channel, the Operator uses the following routine:
1 Select position 30 on both PATCHING DIALS
2. Select CHANNEL to be interrupted
3. Activate BUSY if interrupting a priority 3 or STANDBY

for a priority 2. In this case we give a BUSY signal,
4. Activate TRANSMIT SIGNAL
5. Wait for CHANNEL to be opened

Now, having cleared HF channel 2, we can proceed to communicating by S-S.
Tn other words, we first select 18 on the left patching dial and 22 on the right
patching dial. We now select channel HF 2, select CONNECT, and finally
activate TRANSMIT SIGNAL.
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In the second problem, subscriber 20 requests communication with subscriber
21. Number 20 has HF and VHF, while 21 has all frequencies. Both speak
German. If there were open channels on either HF or VHF, we could use the
S-S routine. However, both HF and VHF channels are all occupied. More-
over, HF and VHF contain all priority 1 communications and therefore must
not be interrupted. The only remaining possibility for communicating is to
u3e S-T-S, first bringing the message into the terminal through either HF or
VHF frequency, and then interrupting UHF I and using it to reach the receiver.

CHANNEL CLEARING WITH S-T-S ROUTINE

To accomplish an interrupt S-T-S routine we use the following procedures:
1. Select Sender number, in thi-, case number 20 on left

PATCHING DIAL,
2. Select position 1 on right PATCHING DIAL.
3. Select an appropriate FREQUENCY; in this case either

HF or VHF.
4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

At this point the message is transmitteti to the terminal. Receipt of the
message is signalled by a flashing of the panel lights. Now we interrupt the
desired channel, viz. UHF 1, in the same manner as in the previous problem,
i.e.

1. Select position 30 on both PATCHING DIALS.
2. Select UHF 17HANM:I., 1
3. Activate STBY since we are interrupting a priority 2

-.nessage.
4. Activate TPANSMIT SIGNAL
5. Wait for elannel to be opened

Now we can proceed with completion of the second part of the S-T-S procedure.
1. Select position 1 on left PATCHING DIAL
2. Select position 21 on right PATCHING DIAL
3. Select UHF CHANML 1

146
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4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

COMMUNICATION REQUEST DENIAL

A communicationil patch cannot be made and the incoming regto:st is denied
if bcth of the following conditions are present:

1. There is no open charnel within the receiver's
frequency capability; and

2. All channels within the receiver's frequency capability
are occur led with messages of equal or highei. priority.

The final sample problem illustrates this situation. Subscriber 15 wishes to
communicate with Subscriber 19. We find that Subscriber 15, the sender,
has HF and VHF capability, and Subscriber 19, the receiver, has only HF
capability. Lookirg Pt the channel/priority indicators, we see that all five
HF channels are occupied with priority 1 and 2 messages. Since the sender
wishes to communicate a priority 2 message, and the receiver's frequency
capability is occupied with messages of equal or higher priority, a channel
cannot be interrupl.er. Ind the sender's request to zomnunicate must bz
denied.

To deny a communication request:
1. Select potlition 1 on left PATCHLNIG DIAL
2. Select sender ID on right PATCHING DIAL
3. Select arty' FREQUi.,'NCY within Sender's capability
4a. Activate STANDBY OUTPUT SIGNAL if sender's request

was Priority 1 or Priority 2
4b. Activate BUSY OUTPUT SIGNAL if sender's request was

Priority 3
In this cue, wt, activate STANDBY

5. Activate TRANSMIT SIGNAL
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TABLE 1 (SLIDE #27)

FREQUENCY RULES

1. Subscribers can communicate directly (S-S) only on channels common
to both parties.

2. Yf there is nu open channel common to both, go to S-T-S mode.
(See Priority Rules. )

3. If common channels are in use and cannot be interrupted (See Priority
Rules) and there is no open channel usable by the receiving subscriber,
a patch cannot be made and the sender's request is denied. (See
Priority Rules. )

4. If channels are open on more than one usable frequency, use a channel
on the least-occupied frequency.

TABLE 2 (SLIDE #28)

LANGUAGE RULES

1. Subscribers can communicate directly (S-S) only in a common language.

2. If these is no common language, the message must be translated
(S-T-S).
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TABLE 3

PRIORITY RULES

TO PROCESS A PRIORITY (P-1) MESSAGE (SLIDE #29)

If all channels within the receiver's capability are filled with P-I,
deny sender's request and place sender on STANDBY.

If all channels are filled with P-1 and/or P-2, interrupt the uppermost
P-2 and then proceed with the patch.

If all channels are filled with P-1, P-2, and/or P-3, interrupt the
uppermost P-3 and then proceed with the patch.

TO PROCESS A PRIORITY (P-2) MESSAGE (SLIDE #30)

If all channels are filled with P-1 and/or P-2, deny sender's request
and peace sender on STANDBY.

If all channels are filled with P-1, -2, and/or P-2, interrupt the
uppermost P -3 and then proceed with the patch.

TO P'tOCESS A PRIORITY (P-3) MESSAGE ( SLIDE #31)

If all channels ars filled, deny sender's request and place sender
on BUSY.
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FINAL OPERATING INSTRUCTIONS

We are very much aware that your task in this experiment is complex. The
high difficulty thereby produced is necessary in order to adequately simulate
the kinds of jobs performea by equipment operators in actual systems; There-
fore you must make an attempt to grasp the basic function of the system rather
than simply memorizing rules and procedures. Do not hcsitate to look up
information until you are very confident that you have this kr.owledge.

Your task is to pi ocess or deny each ccanmunication request as rapidly as
possible, consistent with v'ry high levels of accuracy. Your performance
will be evaluated in terms of the average time required to complete each
problem. Although you will eatcl a minimum of two dollars per hour, you
can earn as much as four dollarr, per hour by operating at highest levels of
performance. It is vital that each communication be processed without errors,
but you should not delay unnecessarily.

Before the beginning of each problem I will say "ready." Each problem will
then begin when the lights on the CCC become illuminated; or for now, when
this light turns on.
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NO IMAGERY, HIGH- FIDELITY MANUAL

INTRODUCTION

This experiment is the first in a series of studies investigating ways to im-
prove training of complex-system operators.

You will be asked to learn to operate a communications system similar, in
some ways, to that used in worldwide communications networks. Your task,
as an operator, will be to operate the Communications Control Cor.sole (CCC),
which is the hub of the communications system.

There will be two phz...ses of training. In the first phase you will learn opera-
ting characteristics of the system In the second phase you will be given a
series of 30 training problems involving the. operation of the CCC. You will
return one week from today. At that time you will be given an additional set
of 30 problems, in order to measure how well you remember what you have
learned hers today.

The purpose of this communications systems is to enable a group of communi-
cation facilities or Subscribers, located at relatively great distances from
one another, to transmit and receive messages among themselves. Because
of the distances involved and the limited range of each subscriber's radio
equipment, the CCC is necessary to provide signal boosting or amplification.
In other words, all messages from one subscriber to another must pass
through the CCC. When the CCC is involved only for amplification, the com-
municaton routine will be referred to as SUBSCRIBER to SUBSCRIBER (S-S).

However, not all transmissions can be made in such a simple manner.
Because there are variations in the type of radio equipment (frequency) used
by the subscribers, it is not always posslhle for one subscriber to receive
messages from anther's transmitter. In these coses it is mandatory that the
originator of the message send it to the CCC on the originating subscriber's
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frequency. It must then be transmitted from the CCC to the receiving sub-
scriber, on the latter's frequency. This process occurs in two discrete steps;
i.e., Sender to CCC and CCC to Receiver. This more complex form of com-
munication will be referred to as SUBSCRIBER to TERMINAL to SUBSCRIBER
(S -T -5).

In addition to frequency disparity, there are sometimes cases where two com-
municating Subscribers speak different languages. When instances of language
disparity occur it is also necessary to employ the S-T-S mode of o?eration.
The identical S-T-S routine is used to overcome both language and frequency
disparities. In fact, it Is sometimes the case that both types of disparity are
present. The major difference between the S-S and the S-T-S modes is that
a delay at the CCC is necessary before the S-T-S message can be relayed to
the receiver. Remember, two separate steps are necessary in the S-T-S
mode, while one step is used in the S-S mode.

A third mode of operation is sometimes used. This mode is necessary because
there are only a limited number of channels through which Subscribers can re -
ceive messages. When a subscriber requests that he communicate with an-
other subscriber, through the CCC, and all channels ueable by the receiving
subscriber are occupied, the console operator must determine whether the
present message is of a higher priority than any of those currently occupying
usable channels. When the incoming message is of higher priority, one of the
channels must be opened. This requires that the operator interrupt some
lower priority communication. Interrupting a channel merely opens that
channel to the receiver. The interrupt routine is used in conjunction with
either the S-S or S-T-S routine.

0

Finally, there sometimes exists the situation where all usable channels are
occupied with equal or higher priority communications than that being re-
quested.quested. In this case the CCC operator must inform the requesting subscriber
that he must writ to transmit.
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GENERAL SYSTEM CHARACTERISTICS

The Communications Control Console is the device which makes possible the
patching of one subscriber to another so that they cen communicate. The con-
sole has five channels on each broadcast frequency: High Frequency CIF),
Very High Frequency (VHF) and Ultra High Frequency (UHF). Some sub-
scribers have only one frequency capability, some have two, and some have
all three capabilities.

Each of the 25 subscribers communicates in only one language: English,
German, Spanish, Greek, or Swedish.

When a subscriber requests that a patch be made between him (Sender) and
another subscriber (Receiver), he places a priority on his communications
request. Priority One is extremely urgent and must be patched immediately
if at all possible. Priority Two is very important but not urgent. Priority
Three is used for routine communications which can wait if necessary.

Frequency, Language, and Priority, must be considered each and every time
you make a patch between sender and receiver. Tables summarizing the rules
associated with these three factors will be provided.

Let us now see what the CCC looks like. At the left of the CCC are three
transillorninated panels. The top panel displays the SENDER identification
number, the middle one displays the RECEIVER identification number, and
the bottom panel displays the priority of the call currently being requested.

The center of the CCC contains frequency and channel information. The top
row of switch-lights are frequency selectors. When activated, eac' switch
selects a frequency; either HF, VHF or UHF. In the unactivated position,
the top half of the indicator is illumknated. When activated, both top and
bottom are illuminated. These switches called Frequency Selectors, are
to be used to link a SENDER to the TERMINAL (console operator) or to link
the TERMINAL to the SENDER. This is a point which is frequently confused.

154 .
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Remember, the Frequency Selectors are used Elly for communication between
the CCC and the Sender. Also, it is important to remember that you can al-
ways use a frequency selector, even when all channels are occupied. Below
the frequency selectors are the three columns of channel selectors for HF,
VHF, and UHF communication. These switch-lights serve two functions.
First, they are used to select a channel through which a communication to a
receiver is made. Second, they provide information about which channels are
currently in use and the priorities of these messages. Priority information is
provided according to the following color code:

I

/ I %

A PRIORITY 1 message is currently occupying
the channel (lighted portion is red)

- A PRIORITY 2 message is currently occupying
the channel (lighted portion is green)

- A PRIORITY 3 message is currently occupying
the channel (lighted portion is white)

- channel unoccupied (no illumination)

The upper right section of the panel contains the PATCHING DIALS. These
are two rotary switches which are numbered clockwise from 0 to 31. Letter-
ing on the panel is in units of 5, but there is a switch position for all numbers
zero through 31. The 'left dial connects the SENDER and the right dial con-
ects the RECEIVER.

Below the patching dials are three OUTPUT SIGNAL switches, BUSY,
STANDBY, and CONNECT. They 9...e illuminated in the top half when the
switches are not activated, and wholly illuminated when activated.
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Below the OUTPUT SIGNAL switches is a TRANSMIT signal pushbutton.
After you have selected an output signal, you must always activate the trans-
mit signal pushbutton.

During the presentation of prcblems, you will have access to all necessary
information. This information is contained on 35 mm slides. You will notice
that a slide selector is located on the shelf before you. Above the CCC is a
screen which displays the selected slide. I will !low demonstrate the use of
the information display.
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OPERATIONAL REQUIREMENTS ANC 'OCEDURES

To process a communication request, the Operator must decide which mode
and which procedure to use.

SUBSCRIBER TO SUBSCRIBER

Tim simplest and most straightforward mode of communication is S-S. This
mode can be used only if all the following conditions pertain:

1. There is a common language
2. Thera is a common frequency
3. There is an open channel on the common frequency

Now here is a sample problem to illustrate the S-S mode. Let us look up
Sender and Receiver capabilities. In this came the Sender is number 8 and
the Receiver is number 17. We have provided slips of paper for your con-
venience in noting Subscriber information. Each slip must be thrown away
after each problem. We see that they do speak the same language; they have
a common frequency, in fact they have two frequencies in common, viz.,
HF and UHF; and there are open channels on both common frequencies. Since
there *ire an equal number of open channels on both frequencies, you can use
either one.

To make a simple S-S patch, the Operator executes the following routine:
1. Select SENDER Identification Number (ID) on the left

PATCHING DIAL
2. Select RECEIVER ID on right PATCHING DIAL
3. Select an appropriate CHANNEL, i.e., the uppermost unoccupied

one
4. Activate CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT signal
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SU:BSCRIBER TO TERMINAL TO SUBSCRIBER

The communication must be processed S-T-S, if any of the following
ditions exist:

1. There is a language disparity.
2. There is a frequency disparity.
3. There is an open channel within the receiver's capability,

but not the sender's.

con

Here is a sample S-T-S problem involving subscriber 4 and su4.3,:riber 12.
(Look up 4 and 12). We see that 4 speaks Spanish and 12 speaks German.
Therefore we must use S-T-S because of language disparity. Even if both
spoke the same language we would have to go to S-T-S because 4 has only HF,
while 12 has VHF and UHF.

S-T-S ROUTINE,

To make an S-T-S patch, the Operator must:
I. Select SENDER ID on left PATCHING DIAL.
2. Select position 1 on right PATCHING DIAL (Position 1

is the terminal address): .

3. Select a FREQUENCY within sender's capability; in this case
only HF can be used.

4. Activate CONNECT OUTPUT SIGNAL.
5. Activate TRANSMIT SIGNAL.
6. Wait for panel lights .0 flush; but for now, wait for this

light to go back on.'
7. Select Position 1 on left PATCHING DIAL.

. .

8. Select receiver ID on right PATCHING DIAL.
9. Select a CHANNEL within the receiver's Capability. Here,

since VHF has three open channels and UHF only one, we
will use VHF.

10. Activate CONNECT OUTPUT SIGNAL.
11. Activate TRANSMIT SIGNAL.



IN
P

U
T

 R
E

Q
U

E
S

T

S
E

N
D

E
R 4

R
E

C
E

IV
E

R

12 P
R

IO
R

IT
Y

F
R

E
Q

U
E

N
C

Y

M
IM

I M
il

E
N

 N
E

11
1

C
H

A
N

N
E

L

P
A

T
C

H
IN

G
 D

IA
LS

S
E

N
D

E
R

R
E

C
E

IV
E

33
0

R
.

O
U

T
P

U
T

 S
IG

N
A

L

SA
M

PL
E

 2

T
R

A
N

S
M

IT
 S

IG
N

A
L



NAVTRADEVCEN 68- C- 0215 -1

CHANNEL CLEARING

The Interrupt routine is used when both of the following conditions exist:
1. There are no open channels within the receiver's

capability; and
2. There is at least one channel usable by the receiver

which is occupied by a lower priority message.

We will now look at two problems which require use of the interrupt routine.
The first problem involves subscriber 18 who wishes to communicate with
subs,:riber 22. We sea that both subscribers are English speaking and that
they each have HF and VHF capability. Now looking at the channel/priority
indications, we can see that all HF and VHF channels are in use. Since all
channels other than HF 2 have priority ones and twos, HF 2 having priority
3 occupancy, we will select HF 2 for interruption. The general rule govern-
ing such situations is that we interrupt the lowest priority channel.

CHANNEL CLEARING WITH S-S ROUTINE

To interrupt a channel, the Operator uses the following routine:
I. Select position 30 on both PATCHING DIALS
2. Select CHANNEL to be interrupted
3. Activate BUSY if interrupting a priority 3 or STANDBY

for a priority 2. In this case we give a BUSY signal.
4. Activate TRANSMIT SIGNAL r'
5. Wait for CHANNEL to be opened

Now, having cleared HP channel 2, we can proceed to communicating by S-S.
In other words, we first select 18 on the left patching dial and 22 on the right
patching dial. We now select channel HF 2, select CONNECT, and finally
activate TRANSMIT SIGNAL.
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In the second problem, subscriber 20 requests communication with subscriber
21. Nnber 20 has HF and VHF, while 21 has all frequencies. Botik speak
German. If there were open channels on either HF or VHF, we could use the
S-S routine. However, both HF and VHF channels are all occupied. More-
over, HF and VHF contain all priority 1 communications and therefore must
not be interrupted. The only remaining possibility for communicating is to
use S-T-S, first bringing the message into the terminal through either HF or
VHF frequency, and then interrupting UHF 1 and using it to reach the receiver.

CHANNEL CLEARING WITH S-T-S ROUTINE

To accomplish an interrupt S-T-S routine we use the following procedures:
1. Select Sender number, in this case number 20 on left

PATCHING DIAL.
2. Select position I on right PATCHING DIAL.
3. Select an appropriate FREQUENCY; in this case either

HF or VHF.
4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

At this point the message is transmitted to the terminal. Receipt of the
message is signalled by a flashing of the panel lights. Now we interrupt the
desired channel, viz. UHF 1, in the same manner as in the previous problem,
i.e.:

1. Select position 30 on both PATCHING DIALS.
2. Select UHF CHANNEL 1
3. Activate STBY since we are interrupting a priority 2

message.
4. Activate TRANSMIT SIGNAL
6. Wait for channel to be opened

Now we can proceed with completion of the second part of the S-T-S procedure.
1. Select position 1 on left PATCHING DIAL
2. Select position 21 on right PATCHING DIAL
3. Select UHF CHANNEL 1
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4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

COMMUNICATION REQUEST DENIAL

A communications patch cannot be made and the incoming request is denied
if both of the following conditions are present:

1. There is no open channel within the receiver's
frequency capability; and

2. All channels within the receiver's frequency capability
are occupied with messages of equal or higher priority.

The final sample problem illustrates this sit-cation. Subscriber 15 wishes to
communicate with Subscriber 19. We find that Subscriber 15, the sender,
has HF and VHF capability, and Subscriber 19, the receiver, his only HF
capability. Looking at the channel/priority indir Atom we see that all five
HF channels are occupied with priority 1 and 2 messages. Since the sender
wishes to communicate a priority 2 message, and the receiver's frequency
capability is occupied with messages of equal or higher priority, a channel
cannot be interrupted, and the sender's request to communicate must be
denied.

To deny a communication request:
1. Select position 1 on left PATCHING DIAL
2. Select sender ID on right PATCHING DIAL,
3. Select any FREQUENCY within Sender's capability

. .

4a. Activate STANDBY OUTPUT SIGNAL if sender's request
was Priority 1 or Priority 2

4b. Activate BUSY OUTPUT SIGNAL if sender's request was
Priority 3

In this case, we activate STANDBY
5. Activate TRANSMIT SIGNAL

165

167:



r
n

C
A

L)

:IN
P

U
T

 R
E

Q
U

E
S

T

S
E

N
D

E
R 5

R
E

C
E

:V
E

R

F
R

E
Q

U
E

N
C

Y

P
A

T
C

H
IN

G
 D

IA
LS

S
E

N
D

E
R

R
E

C
E

IV
E

R

C
H

A
N

N
E

L

SA
M

PL
E

 5

O
U

T
P

U
T

 S
IG

N
A

L

10

M
N

 M
IM

I r
lin

S
id

i M
id

i O
M

T
R

A
N

S
M

IT
 S

IG
N

A
L



NAVTRADEVCEN 88-C -0215 -1

TABLE 1 (SLIDE #27)

FREQUENCY RULES.

1. Subscribers can communicate directly (5-5) only on channels common
to both parties.

2. If there is no open channel common to both, go to S-T-S mode.
(See Priority Rules.)

3. . If common channels are in use and cannot be interrupted (See Prim ity
Rules) and there is no open channel usable by the receiving subscri4er,
a patch cannot be made and the sender's request is denied. (See
Priority Rules. )

4. If channels are open on more than one usable frequency, use a channel
on the least-occupied frequency.

TABLE 2 (SLIDE #28)

LANGUAGE RULES

1. Subscribers can communicate directly (S-S) only in a common language.

2. If thew! is no common language, the message must be translated
(S-T-5).
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TABLE 3

PRIORITY RULES

TO PROCESS A PRIORITY (P-1) MESSAGE (SLIDE #29)

If all channels within the receiver's capability are filled with P-1,
deny sender's 'request and place sender on STANDBY.

If all channels are filled with P-1 and/or P-2, interrupt the uppermost
P-2 and then proceed with the patch.

If all channels are filled'with P-1, P-2, and/or P-3, interrupt the
uppermost P-3 and then proceed with lie patch.

TO PROCESS A PRIORITY (P-2) MESSAGE (SLIDE #30)

If all channels are filled with P-1 and/or P-2, deny sender's request
and place sender on STANDBY.

If all channels are filled with P-1, P-2, and/or P-2, interrupt the
uppermost P-3 and then proceed with the patch.

TO PROCESS A PFtIORITY (P-3) MESSAGE ( SLIDE #31)

If all *channels are filled, deny sender's request aid place sender
on BUSY.

4
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FINAL OPERATING INSTRUCTIONS

We are very much aware that your task in this experiment is complex. The
high difficulty thereby produced is necessary in order to adequately simulate
the kinds of jobs performed by equipment operators in actual systems. There-
fore you must make an attempt to grasp the basic function of the system
rather than simply memorizing rules and procedures. Do not hesitate to look
up information until you are very confident that you have this knowledge.

Your task is to process or deny each communication request ai rapidly as
poSsible, consistent with very high levels of accuracy. Your performance
will be evaluated in terms of the average time required to complete each
problem. Although you will be paid a minimum of two dollars per hour, you
can earn as much as four dollars per hour by operating at highest levels of
performance. It is vital that each communication be processed without errors,
but you should not delay unnecessarily.

0 Before the beginning of each problem I will say "ready". Each problem will
then begin when the lights on the CCC become illuminated.

169
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IMAGERY, LOW FIDELITY MANUAL

This experiment is the first in a series of studies investigating ways to im-
prove training of complex-system operators.

You will be asked to learn to operate a communications system similar, in
some ways, to that ueed in worldwide communications networks. Your task,
as an operator, will be to operate the Communications Control Console (CCC),
which is the hub of the communications system.

There will be two phases of training. In the first phase you will learn opera-
ting characteristics of the system. In the second phase you will be given a
series of 30 training problems involving the operation of the CCC. You will
return one week from today. At that time you will be given an additional set
of 30 problems, in order to measure how well you remember what you have
learned here today.

The purpose of this communications systems is to enable a group of communi-
cation facilities or Subscribers, located at relatively great distances from
one another, to transmit and receive messages among themselves. Because
of the distances involved and the limited range of each subscriber's radio
equipment, the CCC is necessary to provide signal boosting or amplification.
In other words, all messages from one subscriber to another must pass
through the CCC. When the CCC is involved only for amplification, the com-
munication routine will be referred to as SUBSCRIBER to SUBSCRIBER (S-S).

However, not all transmissions can be made in such a simple manner.
Because tnere are variations in the type of -adio equipment (frequency) used
by the subscribers, it is not always possible for one subscriber to receive
messages from anther's transmitter. In these cases it is mandatory that the
originator of the message send it to the CCC on the originating subscriber's

170
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frequency. It must then be transmitted from the CCC to the receiving sub-
scriber, on the latter's frequency. This process occurs in two discrete steps;

e., Sender to CCC and CCC to Receiver. This more complex form of com-
munication will be referred to as SUBSCRIBER to TERMINAL to SUBSCRIBER
(S-T -S).

In addition to frequency disparity, there are sometimes cases where two com-
municating Subscribers speak different languages. When instances of language
disparity occur it is also necessary to employ the S-T-S mode of operation.
The identical S-T-S routine is used to overcome both language and frequency
disparities. In fact, it is sometimes the case that both types of disparity are
present. The major difference between the S-S and the S-T-S modes is that
a delay at the CCC is necessary before the S-T-S message can be relayed to
the receiver. Remember, two separate steps are necessary in the S-T-S
mode, while one step is used in the S-S mode.

A third mode of operation is sometimes used. This mode is necessary because
there are only a limited number of channels through which Subscribers can re-
ceive messages. When a subscriber requests that he communicate with an-
other subscriber, through the CCC, and all channels usable by the receiving
subscriber are occupied, the console operator must determine whether the
present message is of a higher priority than any of those currently occupying
usable channels. When the incoming message is of higher priority, one of the
channels must be opened. This requires that the operator interrupt some
lower priority communication. Interrupting a channel merely opens that
channel to the receiver. The interrupt routine is used in conjunction with
either the S-S or S-T-S routine.

Finally, there sometimes exists the situation where all usable channels are
occupied with equal or higher priority communications than that being re-
quested. In this case the CCC operator must inform the revesting subscriber
that he must wait to transmit.'
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GENERAL SYSTEM CHARACTERISTICS

The Communications Control Console is the device which makes pcssible the
patching of one subscriber to another so that they can communicate. The con-
sole has five channels on each broadcast frequency; High Frequency (HF),
Very :Igh Frequency (VHF) and Ultra High Frequency (UHF). Some sub-
scribers have only OM: frequency capebility, some have two, and some have
all three capabilities.

Each of the 25 subscribers communicates in only one language: English,
German, Spanish, Greek, or Swedish.

When a subscriber requests that a patch be made between him (Sender) and
another subscriber (Receiver), he places a priority on his communications
request. Priority One is extremely urgent and must be patched immediately
if at all possible. Priority Two is very important but not urgent. Priori+
Three in used for routine communications which can wait if necessary.

Frequency, Languagt, and Priority, must be considered each and every
you make a patch between sender and receiver. Tables summarizing the ,

associated with these three factors will be provided.

Let us now see what the CCC looks like. At the left of the CCC are three
transilluminated panels. The top panel displays the SENDER identificatioi
number, the middle one displays the RECEIVER identification number, en,
the bottom panel displays the priority of the call currently being requested

The center of the CCC contains frequency and channel information. The to
row of switch-lights are frequency selectors. When activated, each swite-
selects a fretoency; either HF, VHF or UHF. In the unactivated position,- .

the top half of the indicator is illuminated. When activated, both top and. .

bottom are illuminated. These switches called Frequency Selectors, are
to be used to link a SENDER to the TERMINAL (console operators or to lir
the TERMINAL tf., the SENDER. This is a point which is frequently confer
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Remember, the Frequency Selectors are used onlz for communication between
the CCC and the Sender. Also, it is important to remember that you can al-
ways use a frequency selector, even when all channels are occupied. Below
the frequency selectors are the three columns of channel selectors for HF,
VHF, and UHF communication. These switch-lights serve two functions.
First, they are used to select a channel thronTh which a communication to a
receiver is made. Second, they provide information abut which channels are
currently in use and the priorities of these messages. Priority information is
provided according to the following color code:

- A PRIORITY 1 message is currently occupying
the channel flighted portion is red)

- A PRIORITY 2 message is currently occupying
the channel (lighted portion is green)

- A PRIORITY 3 message is currently occupying
the channel (lighted portion is white)

- channel unoccupied (no illumination)

The upper right section of the panel contains the PATCHING DIALS. These
are two rotary switches which are numbered clockwise from 0 to 31. Letter-
ing on the panel is in units of 5, but there is a switch position for all numbers
zero through 31. The left dial connects the SENDER and the right dial con-
ects the RECEIVER.

Below the patching dials are three OUTPUT SIGNAL switches, BUSY,
STANDBY, and CONNECT. They are illuminated in the top half when the
switches are not activated, and wholly illuminated when activated.
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Below the OUTPUT SIGNAL switches is a TRANSMIT, signal pushbutton.
After you have selected an output signal, you must always activate the trans-
mit signal pushbutton.

During the presentation of problems, you will havE access to all necessary
information. This information is contained on 35 mm slides. You will notice
that a slide selector is located on the shelf before you. Above the CCC is a
screen which displays the selected slide. I will now demonstrate the use of
the information display.

In order to help you better visualize the logical structure of this communi-
cations network, we haw. made a series of cartoon slides. The cartoons
depict various air travel situations. We have chosen the air travel problems
because of its strong, conceptual similarity to the operation of this com-
munication system.

Jn the following cartoon series, it will eid you to think of the tickets and
reservations agent as serving a similar sanction to what you are doing as
operator of the CCC. The analogy is that in the air travel situation the
agent arranges for the traveler to go from one place to another in the most
expeditious manner. Likewise the CCC operator arranges for messages to
efficiently get from one p: ace to another.
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The simplest type of air travel is the direct or non-stop flight from one
place to another. This is analogous to the S-S communication routine
because, in both cases, the pathway is direct Fad unobstructed. The first
Series of slides depict the sequence of events that a traveler foes through
in making a non-stop flight.

(SHOW SLIDE 441)

"In Slide 1, we see the traveler arriving at
the airport."

(SHOW SLIDE #42)

"Here the traveler is requesting to get from
Minneapolis/St. Paul to Atlanta." The agent
handles the request by ticketing the passenger
on a non -atop flight, just au you might arrange
a simple S-S communication patch."
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(SHOW SLIDE#43)

"The passenger is shown at the beginning of
his trip."

(SHOW SLIDE #44)

"We now see the traveler arriving at his
destination." rs'

In the next series of slides we depict a travel problem very similar
to the S-T-S communication routine:

(SHOW SLIDE #45)

"In this case the traveler cannot get a direct
flight to Houston. The agent therefore arranges
for the traveler to first fly to Chicago and to
change planes there for one to Houston. This
is equivalent to sending a message from the
originating subscriber to the terminal and then
redirecting the message from the terminal to
the receiving subscriber."

178



NAVTRADEVCEN 68-C-0215-1

(SHOW SLIDE #46)

"Here again the traveler is starting his trip."

(SHOW SLIDE #47)

"The passenger is now in Chicago on his way to
the connecting flight; just as a message would
be at the CCC about ready to be relayed to the
receiver."

(SHOW SLIDE #48)

"Again, we see the plane reaching its final des-
tination - in this case - Houston."

As we mentioned earlier, there are times when a message cannot be
transmitted because of a lack of open channels. Likewise. there are
times when no seats are available on airplanes.

1.7b'

177



NAVTRADEVCEN 138-C-02.15-1

However, sometimes certain passengers have a. greater need to get on
a flight than other passengers who have already been ticketed. In the
same sense, certain communications have a higher priority for getting
their messages processed.

(SHOW SLIDE #49)

"This cartoon shows a VIP requesting a place on .

a flight which is already fulc.. However, the ticket
agent Id going to taalce it possible for the Ambassador
to get on the plane."

(SHOW SLIDE #50)

"In order to make room for the Ambassador, it is
necessary to place a lower priority passenger on
STANDBY. This means that as soon as a seat
becomes available, the bumped passenger will get
it."
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(SHOW SLIDE #51)

"In this cartoon we have the air travel equivalent
of the interrupt - BUSY routine. The passenger
being bumped has the lowest priority i.e., even
lower than in the previous case. Therefore, the
passenger being bumped is simply reNsed passage
on this flight and must wait for an indefinite period."

The next two slides show the air travel equivalent of the deny routine,
first for the DENY/STANDBY, and then for DENY/BUSY. Again,
STANDBY versuo BUSY is, a case of relative priority.

(SHOW SLIDE #52)

"This passenger lanit immediately get on the plane,
but will as soon as a seat becomes available."

(SHOW SLIDE #53)

"This passenger simply will not be able to take
this flight and must wait for another."

Notice the difference between these last two slides. In the first case,
the passenger was a regular fare and therefore had higher priority than
the Sergeant, who would have gotten a halt -fare ticket. Think of the
similarity between this situation and that of communication subscribers
with different priorities. Just as the full fare passenger gets pre-
ferential treatment, so does the priority i or 2 request as compared
with the priority 3 requestor.
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OPERATIONAL REQUIREMENTS AND PROCEDURES

To process a communication request, the Operator must decide which mode
and which procedure to use.

SUBSCRIBER TO SUBSCRIBER

The simplest and most straightforward mode of communication is S-S. This
mode can be used only if all the following conditions pertain:

1. There is a common language
2. There is a common frequency
3. There is an open channel on the common frequency

Now here is a sample problem to illustrate the S-S mode. Let us look up
Sender and Receiver capabilities. In this case the Sender is number 8 and
the Receiver is number 17. We have provided slips of paper for your con-
venience in noting Subscriber information. Each slip must be thrown away
after each problem. We see that trey do speak the same language; they have
a common frequency, in fact they have two frc ;,nencies in common, viz.,
HF and UHF; and there are open channels on both common frequencies.
Since there are an equal number of open channels on both frequencies, you
can use either one.

To make a simple S-S patch, the Operator executes the following routine:
I. Select SENDER Identification Number (ID) on the left

PATCHING DIAL. Foi rib*, simply write the number 8
on your response sheet here.

2. Select RECEIVER ID on 'right PATCHING DIAL, i. e..
write in the number 17

.

3. Select approtoriate CHANNEL, i.e. , the uppermost
unoccupied one. Do this by placini an X here.

4. Activate CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT signal.' For no* we will use this

switch instead.
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SUBSCRIBER TO TERMINAL TO SUBSCRIBER

The communication must be processed S-T-S, if any of the following con-
ditions exist:

1. There is a language disparity.
2. There is a frequency disparity.
3. There is an open channel within the receiver's capability,

but not the sender's.

Here is a sample S-T-S problem involving subscriber 4 and subscriber V.
(Look up 4 and 12). We see that 4 speaks Spanish and 12 speaks German.
Therefore we must use S-T-S because of language disparity. Even if both
spoke the same language we would have to go to S-T-S because 4 has only HF,
while 12 has VHF and UHF.

S -T -S ROUTINE

To make an S-T-S patch, the Operator must:
1. Select SENDER ID on left PATCHING DIAL.
2. Select positicm,1 on right PATCHING DIAL (Position 1

is the terminal address).
3. Select a FREQUENCY within sender's capability; in this case

only HF can be used.
4. Activate CONNECT OUTPUT SIGNAL.
5. Activate TRANSMIT SIGNAL.
6. Wait for panel lights to flash; but for now wait for this

light to go back on.
7. Select Position 1 on left PATCHING DIAL.
8. Select receiver ID on right PATCHING DIAL.
9. Select a CHANNEL within the receiverts capability. Here,

since VHF has three open channels and UHF only one, we
will use VHF.

10. Activate CONNECT OUTPUT SIGNAL.
11. Activate TRANSMIT SIGNAL.
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CHANNEL CLEARING

The Interrupt routine is used when both of the following conditions exist:
1. There are no open channels within the receiver's

capability; and
2. There is at least one channel usable by the receiver

which is occupied by a lower priority message.

We will now look at two problems which require use of the interrupt routine.
The first problem involves subscriber 18 who wishes to communicate with
subscriber 22. We see that both subscribers are English speaking and that
they each have HF and VHF capability. Now looking at the channel/priority
indications, we can see that all HF and VHF channels are in use. Since all
channels other than HF 2 have priority ones and twos, HF 2 having priority
3 occupancy, we will select HF 2 for interruption. The general rule govern-
ing such situations is that we interrupt the lowest priority channel.

CHANNEL CLEARING WITH S-S ROUTINE

To interrupt a channel, the Operator uses the following routine:
1. Select position 30 on both PATCHING DIALS
2. Select CHANNEL to be interrupted
3. Activate BUSY if interrupting a priority 3 or STANDBY

for a priority 2. In this case we give a BUSY signal.
4. Activate TRANSMIT SIGNAL
5. Wait for CHANNEL to be opened

Now having cleared HF channel 2, we can proceed to communicating by S-S.
In other words, we first select 18 on the left patching dial and 22 on the right
patching dial. We now select channel HF 2, select CONNECT, and finally
activate TRANSMIT SIGNAL.
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In the second problem, subscriber 20 requests communication with subscAber
21. Number 20 has HF and VHF, while 21 has all frequencies. Both speak
German. If there were open channels on either HF or VHF, we ebuld use the
S-S routine. However,,both,HF and VHF channels are all occupied. More-
over, HF and VHF contain all priority 1 communications and therefore must
not be interrupted. The only remaining possibility for communicating is to
use S-T-S, first bringing the message into the terminal through either HF or
VHF frequenc,y, and then interrupting UHF 1 and using it to reach the receiver.

CHANNEL CLEARING WITH S-T-S ROUTINE

To accomplish an interrupt. S-T-S routine we use the following procedures:
1. Select Sender number, in this case number 20 on left

PATCHING DIAL..
2. Select position 1 on right PATCHING DIAL.
3. Select an appropriate FREQUENCY; in this case either.

HF or VHF.
4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL,

At this point the message is transmitted to the terminal. Receipt of the
message is si, nailed by a flashing of the panel lights. Now we interrupt the
desired channel, viz. UHF I, in the same manner as in the previous problem,
i.e.:

1. Select position 30 on both PATCHING DIA! 3.
2. Select UHF CHANNEL --
3. Activate STBY since we are interrupting a priority 2

message.
4. Activate TRANSMIT SIGNAL
5. Wait for channel to be opened

Now we can proceed with completion of the second part of the S-T-S procedure.
1. Select position 1 on left PATCHING DIAL
2. Select position 21 on right PATCHING DIAL
3. Select UHF CHANNEL 1

ti-
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4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

COMMUNICATION REQUEST DENIAL

A communications patch cannot be made and the incoming request is denied
if both of the following conditions are present: .

1. There is no open channel within the receiver's
freqUency capability; and

2. All channels within the receiver's frequency capability
are occupied with messages of equal or higher priority.

The final sample problem illustrates this situation. Subscriber 15 wishes 4o
communicate with Subscriber 19.. We find that Subscriber 15, the sender,
has HF and VHF capability, and Subscriber 19, the receiver, has only HF
capability. Looking at the channel/priority indicatoro, vie see that all five
HF channels are occupied with priority 1 and 2 messages. Since the sender
wishes 'to communicate a priority 2 message, and he receiver's frequency
capability is occupied with messages of equal or Mgher priority, a channel
cannot be interrupted, and the sender's request to communicate must be
denied.

To deny a communication request:
1. Select position 1 on left PATCHING DIAL
2. Select sender ID on right PATCHING DIAL
3. Select any FREQUENCY within Sender's capability
4a. Activate STANDBY OUTPU T SIGNAL if sender's request

was Priority I or Priority 2
4b. Activate BUSY OUTPUT SIGNAL if sender's request was

Priority 3
In this casP, we activate STANDBY

5. Activa+ TRANSMIT SIGNAL
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TABLE 1 (SLIDE #27)

FREQUENCY RULES

1. Subscribers can communicate directly (5-5) only on channels comMon
to both parties.

2. If there is no open channel common to both, go to S-T-S mode.
(See Priority Rules.)

3. If common channels are in use and cannot be interrupted (See Priority
Rules) and there is no open channel usable by the receiving subscriber,
a patch cannot be made and the sender's request is denied. (See
Priority Rules.)

4. If channels are open on more than one usable frequency, use a channel
on the least-occupied frequency.

TABLE 2 (SLIDE #28)

LANGUAGE RULES

1. Subscribers can communicate directly (S-S) only,in a common language.

2. If these is no common language, the message must be translated
(S -T-S).
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TABLE 3

PRIORITY RULES

TO PROCESS A PRIORITY (P-1) MESSAGE (SLIDE P29)

If all channels within the receiver's capability are filled with P-1,
deny sender's request and place sender on STANDBY.

If all channels are filled with P-1 and/or P-2, interrupt the uppermost
P-2 and then proceed with the patch.

If all channels are filled with P-1, P-2, and/or P-3, interrupt the
uppermost P-3 and then proceed with the patch.

TO PROCESS A PRIORITY (P-2) MESSAGE (SLIDE #30)

If all channels are filled with P-1 and/or P-2, deny sender's request
and place sender on STANDBY.

If all channels are filled with P-1, P-2, and/or P-2, interrupt the
uppermost P-3 and then proceed with the patch.

TO PROCESS A PRIORITY (P-3) MESSAGE ( SLIDE #31)

If all chapels are filled, deny sender's request and place sender
on BUSY.
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FINAL OPERATING INSTRUCTIONS

We are very much aware that your task in'this experiment is complex. The
high difficulty thereby produced is necessary in order to adequately simulate
the kinds of jobs performed by equipment operators in actual systems. There-
fore you must make an attempt to grasp the basic function of the system rather
than simply memorizing rules and procedures. Do not hesitate to look up
information until you are very confident that you have this knowledge.

Your task is to process or deny each communication request as rapidly as
possible, consistent with very high levels of accuracy. Your performance
will be evaluated in terms of the average time required to complete each
problem. Although you will be paid a minimum of two dollars per hour, you
can earn as much as four dollars per hour by operating at highest levels of
performance. It is vital that each communication be processed without errors,
but you should not delay unnecessarily.

Before the beginning of each problem I will say "ready." Each problem will
then begin when the lights on the CCC become illuminated; or for now, when
this light turns on.
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IMAGERY, HIGH FIDELITY MANUAL

INTRODUCTION

This experiment is the first in a series of studies investigating ways to im-
prove training of complex-system operators.

You will be asked to learn to operate a communications system similar, in
some ways, to that used in worldwide communicatins networks. Your task,
as an operator, will be to operate the Communications Control Console (CCC),
which is the hub of the communications system.

There will be two phases of training. In the first phase you will learn opera-
ting characteristics of the system. In the second phase you will be given a
series of 30 training problems involving the operation of the CCC. You will
return one week from today. At that time you will be given an additional set
of 30 problems, in order to measure how well you remember what you have
learned here today.

The purpose of this communications systems is to enable a group of communi-
cation facilities or Subscribers, located at relatively great distances from
one another, to transmit and receive messages among themselves. Because
of the distances involved and the limited range of each subscriber's radio
equipment, the CCC is necessary to provide signal boosting or amplification.
In other words, all messages from one subscriber to another must pass
through the CCC. When the CCC is involved otilz for amplification, the com-
munication routine will be referred to as SUBSCRIBER to SUBSCRIBER (S-S).

However, not all transmissions can be made in such a simple manner.
Because there are variations in the type of radio equipment (frequency) used
by the subscribers, it is not always possible for one subscriber to receive
messages from another's transmitter. In these cases it is mandatory that the
originator of the message send it to the CCC on the originating subscriber's

193

195

emeam.e100.7111It



NAVTRADEVCEN 68 -C- 0215 -1

-..rwisgrAsim-V14"

frequency. It must then be transmitted from the CCC to the receiving sub-
scriber, on the lattees frequency. This process occurs in two discrete steps;
i.e. , Sender to CCC and CCC to Receiver. This more complex form of com-
munication will be referred to as SUBSCRIBER to TERMINAL to SUBSCRIBER
(S -T -S).

In addition to frequency disparity, there are sometimes cases where two com-
municating Subscribers speak different languages. When instances of language
disparity occur it is also necessary to employ the S-T-S mode of operation.
The identical S-T-S routine is used to overcome both language and frequency
disparities. In fact, it is sometimes the case that both types of disparity are
present. The major difference between the S-S and the S-T-S modes is that
a delay at the CCC is necessary before the S-T-S message can be relayed to
the receiver. Remember, two separate steps are necessary in the S-T-S
mode, while one step is used in the S-S mode.

A third mode of operation is sometimes used. This mode is necessary because
there are only a limited number of channels through which Subscribers can re -
ceive messages. When a subscriber requests that he communicate with an-
other subscriber, through the CCC, and all channels usable by the receiving
subscriber are occupied, the console operator must determine whether the
present message f s of a higher priority than any of those currently occupying
usable channels. When the incoming message is of higher priority one of the
channels must be opened. This requires that the operator interrupt some
lower priority communication. Interrupting a channel merely opens that
channel to the receiver. The interrupt routine is used in conjunction with
either the S -S or S-T-S routine.

Finally, there sometimes exists the situation where all usable channels are
occupied with equal or higher priority communications than that being re-
quested. In this case the CCC operator must inform the requesting subscriber
that he must wait to transmit.

196
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GENERAL SYSTEM CHARACTERISTICS

The Communications Control Console is the device wt.ich makes possible the
patching of one subscriber to another so that they can communicate. The con-
sole has five channels on each broadcast frequency: High Frequency (HF),
Very High Frequency (VHF) and Ultra High Frequency (UHF). Some sub-
scri rs have only one frequency capability, some have two, and some have
all three capabilities.

Each of the 25 subscribers communicates in only one language: English,
German, Spanish, Greek, or Swedish.

When a subscriber requests that a patch be made between him (Sender) and
at:other subscriber (Receiver), he places a priority on his communications
request. Priority One is extremely urgent and must be patched immediately
if at all possibL. Priority Two is very important but not urgent. Priority
Three is used for routine communications which can wait if necessary.

Frequency, Language, and Priority, must be considered each and every time
you make a patch between sender and receiver. 'Tables summarizing the rules
associated with these three factors will be provided.

Let us now see what the CCC looks like. At the left of the CCC are three
transilluminated panels. The top panel displays the SENDEift identification
number, the middle one displays the RECEIVER identification number, and
the bottom panel displays the priority of the call currently being requested.

The center of the CCC contains frequency and cht.unel information. The top
row of switch-lights are frequency selectors. When activate& each switch
selects a frequency; either HF, VHF or UHF. In the unactivated position,
the top half of the indicator is illuminated. When activated, both top and
bottom are illuminated. These switches called Frequency Selectors, are
to be used to link a SENDER to the TERMINAL (console operator) or to link
the TERMINAL to the SENDER. This is a point which is frequently contused.
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Remember, the Frequency Selectors are used only for communication between
the CCC and the Sender. Also, it is important to remember that you can al-
ways use a frequency selector, even when all channels are occupied. Below
the frequency selectors are the three columns of channel selectors for HF,
VHF, and UHF communication. These switch-lights serve two functions.
First, they are used to select a channel through which a communication to a
receiver is made. Second, they provide information about which channels are
currently in use and the priorities of these messages. Priority information is
provided according to the following color code:

- A PRIORITY 1 message is currently occupying
the channel (lighted portion is red)

- A PRIORITY 2 message is currently occupying
the channel (lighted portion is green)

- A PRIORITY 3 message is currently occupying
the channel (lighted portion is white)

- channel unoccupied (no illumination)

The upper right section of the panel contains the PATCHING DIALS. These
are two rotary switches which are numbered ^lockwise from 0 to 31. Letter-
ing on the panel is in units of 5, but there is a switch position for all numbers
zero through 31. The left dial connects the SENDER and the right dial con-
ects the RECEIVER.

Below the patching dials are three OUTPUT SIGNAL switches, BUSY,
STANDBY, and CONNECT. They are illuminated in the top half when the
switches are not activated, and wlr.11y illuminated when activated.
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Below the OUTPUT SIGNAL switches is a TRANSMIT signal pushbutton.
After you have selected an output signal, you must always activate the trans-
mit signal pushbutton.

During the presentation of problems, you will have acs ass to all necessary
information. This information is contained on 35 mm slides. You will notice
that a slide selector is located on the shelf before you Above the CCC is a
screen which displays the selected slide. I will now demonstrate the use of
the information display.

In order to help you better visualize the logical structure of this communi-
cations network, we have made a series of cartoon slides. The cartoons
depict various air travel situations. We have chosen the air travel problems
because of its strong, conceptual similarity to the operation of this com-
munication system.

In the following cartoon series, it will aid you to think of the tickets and
reservations agent as serving a similar function to what you are doing as
operator of the CCC. The analogy is that in the air travel situation the
agent arranges for the traveler to go from one place to another in the most
expeditious manner. Likewise the CCC operator arranges for messages
to efficiently get from one place to another.
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The simplest type of air travel is the direct or non-stop flight from one place
to another. This Is analogous to the S-S communication routine because, in
both cases, the pathway is direct and unobstructed. The first series of slides
depict the sequence of events that a traveler goes through in making anon-
stop flight.

(SHOW SLIDE x,41)

"In Slide 1, we see the traveler arriving
at the airport."

(SHOW SLIDE #42)

"Here the traveler is requesting to get from
Minneapolis/St. Paul to Atlanta." The agent
handles the request by ticketing the passenger
on a non-stop flight, just as you might arrange
a simple S-S communication patch."
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(SHOW SLIDE #43)

"The passenger is shown at the beginning of
his trip."

(SHOW SLIDE #44)

"We now see the traveler arriving at his
destination."

In the next series of slides we depict a travel problem very similar to the
S-T-S communication routine:

(SHOW SLIDE #45)

"In this case the traveler cannot get a direct
flight to Houston. The agent therefore arranges
for the traveler to first fly to Chicago and to
change planes there for one to Houston. This
is equivalent to sending a message from the
originating subscriber to the terminal and then
redirecting the message from the terminal to
the receiving subscriber."
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(SHOW SLIDE #46)

"Here again the traveler is starting his trip."

(SHOW S_,IDE #47)

"The passenger is now in Chicago on his way to
the connecting flight; just as a message would be
at the CCC about ready to be relayed to the receiver."

(SHOW SLIDE #48)

"Again, we see the plane reaching its final des-
tination - in this case - Houston."

As we mentioned earlier, there are times when a message cannot be trans-
mitted because of a lack of open channels. Likewise, there are times when
no seats are available on airplanes.
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However, sometimes certain passengers have a greater need to get on a
flight than other passengers who have already been ticketed. In the same
sense, certain communications have a higher priority for getting their
messages processed.

(SHOW SLIDE #49)

"This cartoon shows a VIP requesting a place on
a flight which is already full. However, the ticket
agent is going to make it possible for the Ambassador
to get on the plane."

(SHOW SLIDE #50)

"In order to make room for the Ambassador, it is
necessary to place a lower priority passenger on
STANDBY. This means that as soon as a seat becomes
available, the bumped passenger will get it."
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(SHOW SLIDE #51)

"In this cartoon we have the air travel equivalent
of the interrupt - BUSY routine. The passenger
being bumped has the lowest priority i.e. , even
lower than in the previous case. Therefore, the
passenger being humped is simply refused passage
on this flight and must wait for an indefinite period."

The next two slides show the air travel equivalent of the deny routine, first
for the DENY/STANDBY, and then for DENY/BUSY. Again, STANDBY
versus BUSY is a case of relative priority.

(SHOW SLIDE #52)

"This passenger can't immediately get on the plane,
but will as soon as a seat becomes available."

(SHOW SLIDE #53)

"This passenger simply will not be able to take
this Bight and must wait for another."

Notice the difference between these last two slides. In the first case, the
passenger was a regular fare and therefore had higher priority than the
Sergeant, who would have gotten a half-fare ticket. Think of the similarity
between this situation and that of communication subscribers with different
priorities. Just as the full fare passenger gets preferential treatment, so
does the priority 1 or 2 request as compared with the priority 3 requestor.
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OPERATIONAL REQUIREMENTS AND PROCEDURES

To process a communication request, the Operator must decide which mode
and which procedure to use.

SUBSCRIBER TO SUBSCRIBER

The simplest and most straightforward mode of communication is S-S. This
mode can be used only if all the following conditions pertain:

1. There is a common language
2. There is a common frequency
3. There is an open channel on the common frequency

Now here is a sample problem to illustrate the S-S mode. Let us look up
Sender and Receiver capabilities. In this case the Sender is number 8 and
the Receiver is number 17. We have provided slips of paper for your con-
venience in noting Subscriber information. Each slip must be thrown away
after each problem. We see that they do speak the same language; they have
a common frequency, in fact they have two frequencies in common, viz.,
HF and UHF; and there are open channels on both common frequencies.
Since there are an equal number of open channels on both frequencies, you
can use either one.

To make a simple S-S patch, the Operator executes the following routine;
i. Select SENDER Identification Number (ID) on the left

PATCHING DIAL
2. Select RECEIVER ID on right PATCHING DIAL
3. Select an appropriate CHANNEL, 1.e., the uppermost unoccupied

one

4. Activate CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT signal
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SUBSCRIBER TO TERMINAL TO SUBSCRIBER

The communication must be processed S-T-S, if any of tivt following con-
ditions exist:

1. There is a language disparity.
2. There is a frequency disparity.
3. There is an open channel within the receiver's capability,

but not the sender's.

Here is a sample S-T-S problem involving subscriber 4 and subscriber 12.
(Look up 4 and 12). We see that 4 speaks Spanish and 12 speaks German.
Therebre we must use S-T-S because of language disparity. Even if both
spoke the same language we would have to go to S-T-S because 4 has only HF,
while 12 has VHF and UHF.

S-T-S ROUTINE

To make an S -T -S patch, the Operator must:
1. Select SENDER ID on left PATCHING DIAL.
2. Select position 1 on right PATCHING DIAL (Position 1

is the terminal address).
3. Select a FREQUENCY within sender's capability; in this case

only HF can be used.
4. Activate CONNECT OUTPUT SIGNAL.
5. Activate TRANSMIT SIGNAL.
6. Wait for panel lights to flash; VA for now, wait for thin

light to go back on.
7. Select Position 1 on left PATCHING DIAL.
8. select receiver ID on right PATCHING DIAL.
9. select a CHANNEL within the receiver's capability. Here,

lance VHF has three open channels and UHF only one, we
will use VHF.

10. activate CONNECT OUTPUT SIGNAL.
11. Activate TRANSMIT SIGNAL.
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CHANNEL CLEARING

The Interrupt routine is used when both of the following conditions exist;
1. There are no open channels within tie recetveres

capability; and
2. There is at least one channel usable by the receiver

which is occupied by a lower priority message.

We will now look at two problems which require use of the interrupt routine.
The first problem involves subscriber 18 who wishes to communicate with
subscriber 22. We see that both subscribers are English speaking. and Cie
they each have HF and VHF capability. Now locking at the channel/priority
indicetions, we can see that all 'IF and VHF channels are in use. Since all
channels other than HF 2 have priority ones ea.4 tros, HF 2 ;.:,ving priority
3 occupancy, we will select HF 2 for interruption. The general rule govern-
ing such situations is that we interrupt the lowest priority channel.

CHANNEL CLEARING WITH S-S ROUTINE

To interrupt a channel, the Operator us-:e the following routine:
1. Select position 30 or. both PATCHINC, DIALS
2. Select CHANNEL to be interrupted
3. Activate BUSY if interrupting a priority 3 or STAI-DBY

for a priority 2. In this case we give a BUSY signal,
4. Activate TRANSMIT SIGNAL
5. Wait for CHANNEL to be opened

Now, having cleared HP channel 2, we can proceed to communicating by S-S.
In other words, we first select 18 on the 1 ft patching dial and 22 on the right
patching dial. WE now select channel HF 2, aelect CONNECT, and finally
activate TRANSMIT SIGNAL.
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In the second problem, subscriber 20 requests communication with subscriber
21. Number 2( r s HF and VHF, while 21 has all frequencies. Both speak
German. If there were open channels on either HF or VHF, we could use the
S-S routine. However, both HF and VHF channels are all occupied. More-
over, HF and VHF contain all priority 1 communications and therefore must
not be interrupted. The only remaining poseibility for communicating is to
use S-T-S, first bringing the message into the terminal through either HF or
VHF frequency, and then interrupting UHF 1 and using it to reach the receiver.

CHANNEL CLEARING WITH S-T-S ROUTINE

To accomplish an interrupt S-T-S routine we use the following procedures:
1. Sz.tlect Sender number, in this case number 20 on left

PATCHING DIAL.
2. Select position 1 on right PATCHING DIAL.
3. Select an appropriate FREQUENCY; in this case either

HF or VHF.
4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

At this point t14 message is transmitted to the terminal. Receipt of he
message is signalled by a flashing of the panel lights. Now we interrupt the
desired channel, viz. UHF 1, in the same manner as in the previous problem,
i.e.

1. Select position 30 on both PATCHING DIALS.
2. Select UHF CHANNEL 1
3. Activate STOY since we are interrupting ,t priority 2

inessege.
4. Activate TRANSMIT SIGNAL
5. Wait for channel to be opened

Now we can proceed with completion of the second part of the S-T-S procedure.
1. Select position 1 on left PATCHINC DIAL
2. Select position 21 on right PATCHING DIAL
3. Select UHF CHANNEL 1
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4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

COMMUNICATION REQUEST DENIAL

A communications patch cannot be made and the incoming request is denied
if both of the following conditions are present:

1. There is no open channel within the re..;eiver's
frequency capability; and

2. All channels within the receiver's frequency capability
are occupied with messages of equal or higher priority.

Tne final sample problem illustrates this situation. Subscriber 15 wishes to
communicate with Subscriber 19. We find that Subscriber 15, the sender,
has HF end VHF capability, and Subscriber 19, the receiver, has only HF
capability. Looking at the channel/priority indlcatore we see that all five
H1.1 channels are occupied with priority 1 and 2 meo Since the sender
wishes to communicate a priority 2 message, and th . eceiverla frequency
capability is occupied with messages of equal or highcr priority, a channel
cannot be interrupted, and the sender's request to communicate must be
denied.

To deny a communication request;
1. Select position 1 on left PATCHING DIAL
2. Select sender II) on right PATCHING DIAL
3. Select any FREQUENCY within Sender's capability
4a. Activate STANDBY OUTPUT SIGNAL if sender's request

was Priority 1 or Priority 2
4b. Activate BUSY OUTPUT SIGNAL if sender's request was

Priority 3
In this case, we activate STANDBY

5. Activate TRANSMIT SIGNAL
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0 TABLE 1 (SLIDE #27)

FREQUENCY RULES

1. Subscribers can communicate directly (S-S) only on channels common
to both parties.

2. If there is no open channel common to both, go to S-T-S mode.
(See Priority Rules. )

S

3. If common channels are in 1,1 se and cannot be interrupted (See Priority
Rules) and there is no open channel usable by the receiving subscriber,
a patch cannot be made and the sender's request 11 dented. (Sea
Priority Rules. )

4. If charnels are open on more than one usable frequency, use a channel
on the least-occupied frequency.

TABLE 2 (SLIDE #28)

LANGUAGE RULES

1. Subscribers can communicate directly (S-S) only in a common language.

2. If these is no common language, the message must be translated
(S-T -5).
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TABLE 3

PRIORITY RULES

TO PROCESS A PRIORITY (P -4) MESSAGE (SLIDE #29)

if all channels within the receiver's capability are filled with P-1,
deny sender's request and place sender on STADIDDY.

If all channels are filled with P-1 and/or P-2, interrupt the uppermost
P-2 and 'hen proceed with the patch.

If all channels are filled with P-1, P -2, and/or P-3, interrupt the
uppermost P-3 and then proceed with the patch.

TO PROCESS A PRIORITY (P-2) MESSAGE (SLIDE #30)

If all channels are 11/ed with P-1 and/or P-2, deny gender's request
and place sender on STANDBY.

If all channels are filled with P-I, P 2, and/or P-2, interrupt the
uppermost P-3 and then proceed with the patch.

TO KtOCESS A PRIORITY (P-3) MESSAGE ( SLIDE #3!)

If all channels are filled, deny sender's request and place sender
vm BUSY.
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FINAL OPERATING INSTRUCTIONS

We are very much aware that your task in this experiment is complex. The
high difficulty thereby produced is necessary in order to adequately simulate
the kinds of jobs performed by equipment operators in actual systems. There-
fore you must make an attempt to gasp the basic function of the system rather
than simply memorizing rules and procedures. Do not hesitate to look up
information until you are very confident that you have this knowledge. How-
ever, the elide projector may only be used during a problem; never between
problems.

Your task is to process or deny each communication request as rapidly as
poesibl., consistent with very high levels of accuracy. Your performance
will be evaluated in terms of the average time required to complete each
problem. Although you will be paid a minimum of two dollars per hour, you
can earn as much as four dolle.rs per hour by operating at highest levels of
performance. It is vital that each communication be processed without errors,
but you should not delay unnecessarily.

Before the beginning of each problem I will say "ready". Each problem will
then begin when the lights on the CCC become illuminated.
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A BSTRACT (continued)

. .

Ir Expariment I, 10 subjects were presented with 80 communications prob-
hins, 30 each on two consecutive days. Dependent measures were response
time and accuracy. Evidence of learning was provided by both measures, but
time appeared to be more sensitive than accuracy.

AI the end of experimental sessions, subjects were requested to provide infar-
kl,ttion about was In which they tried to learn the task, and suggestions for
it °roving the effectiveness of training. This information was used to modify
training for en experimental group in Experiment U.

Experiment U employed four of subjects to a 2 x 2 factorial arrange-
M4 nt. From subjects' ve rep is in Experiment I, a modified form of
infant, involving the preasetaiiiiit of "burry" to aid in understanding sys-
tort operation, was given to MU the litajects. seepnd variable studied
way the effect on transfer performance of hide versus lorrf fidelity of simulation
during training.

Reitults suggested that imagery can play an important role in promoting prose
ducal skills, and that training effectiveness can be achieved through the use of

ccet paper and pencil simulation of the operational task,
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