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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 learnmning, retention, and training, a selection of an
appropriate taxonomy of tasks, a survey of Naval jobs to deteramine
critical tasks from the standpoint of training, a series of technical
meetings with consultants, and a conceptual design for a general
purpose coaputer-based, experimental apparatus. Tvo experiments were
designed and conduct2d in order to try out the newly developed set of
research requiresments and to provide a data basve for subsequent
investigations. These experiments dealt vith training and transfer ot
procedural skills. At the end of the fiist experiment subjects vere
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 valu2 in increasing
training effectiveness, that "imagery" can play an important role ir
promoting procedural skills, and that training effectiveness can be
achieved through the use ¢f low-cost paper and pencil simulation of
the operational task. (JY)
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FOREWORD

This projezt is concerned with developing and instituting = program
of research on human learning, retention, and transfer which will lead
to improved training methods for the Navy.

This report makes a good start toward developing a comprechensive
plan to guide tie design of research on learning, retention, and transfer
of military ekiils. 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 typea, as well as on
related topics, composed ty experts in the field especially for the pres-
ent project; (3) contains an extensive (albeit Incomplete) bibliograpi.y
related to the atudy of lesrning, retention, and transfer for military
training purposes; (4) presents alternate concentual plans for the design
of systems of experimental materials which can Le used to effect any con-
ceivable experiment under this project; (5) suggests a set of guidelines
for the design of the experimental research.

ED050561

Further, the experimental phase cf the reaearch program has been
inftiated with two experiments. One of the ontcomes of these initial
exper{ments is to bring us cloaer to defining the conditions of fidelity
that are required for effective training. In addition, the experiments
tested che value of a new approach (called "imdagery") to the old training
practice of providing visusl aids to the trainee.

It is critical to the niesion «f the NAVIRADEVCEN to have informa-
tion about the nature and effects ~f training varisbles and techniques
(such as fidelity of simulstion and "imagery") on the learning, reten-
tion, snd transfer of military-type tasks. For the most part, such
information is sorely lacking. Thus, becsuse 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 resesrch which is attuned to the present state of the art snd
which serves as a rstional guide toward the goals. The plen for
tejearch presented within will be expanded and perfected &8s the necessity
to do so %8s 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 ¢raining and task variables of relevsnce to militsry training.

(it Ll
ARTHUR S. BLAIWES
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 application 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 developimment 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 {uture
‘time become 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 Iirst year of this program incliuded two basic tasks, the
implementation of five planning techniques, from which the research strategy
could be dev-:loped, and the conduc! of two initial experiments, for validation
of the strategy,

The fecilowing five mechanisms provided data fer setting long-term research
requirements;

° Brief Review of the Relevant L.terature -- The major purpose
of the literature review was to deterinine the extent to which
psychological research has produced useful principlea for
training system designers. A second purpose was to find out
what information previous regearch could furnish cencerning
variables which affect learning, retention, and transfer, 1,e.,
experiments which have dealt with 1., R, and T within the same
experimental design, :

e  Selection of an Appropriate Taxonomy of Tasks -- Because of
the wide variety of sgkills trained by the Navy, it is important
that research findings be organized as they relate to varfous
classes of behavior, To provide a consistent basis for behaviir
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 requlired in Navy jobs.

v 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
mnco.npassed by this program, it was necessary to be highly
selective in the initial research problems studied, The pri-
mary basis for selaction was the types of tasks to be investi-
gated. The decision was made to select for study critical
lJaval tasks, and tasks which present major problems in
training, on the basis of an existing taxonomy,

(S

™ Qrganization and Management of Technical Meetings with
C onsultgnts -- 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, R, and T meatings was to provide
concentrated technical sessions by drawing from the knowledge
o! prominent psychologists associated with military, industrial,
and academic institutions. Such an approach is regarvded as
m.ore effective than the use of consuliants on an individual basis,
a procedure which forfeits the benefits of group interactiion,

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

After the:se 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.,
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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.

g 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:

e 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 keen made to determine the extent to
vhich conditions which benefit learning are also the conditions
which facilitate retention and transfer. However, those studies
whichhave examined this problem suggést that, in general, the
better the original learning, the better the retention (Deese and
Hulse, 1867). This idea i8s reflected in the term ''resistance to
forgetting or extinction' in relation to the degree of original
learning. Moreover, the assumption is often made that transfer
. is limited by retention. One notable exception to this assump -
tion was a finding by Bunch (1038) which showed a significant
decrease in savings score (improvement on retention test over
equivalent point during acquisition} as a function of length of
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,
0 1866). 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 siudies 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 tacks 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
tasts 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 puasic
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 ne=eds 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 strdy

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 stuaies. 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, 1968) seem more applicable to the
problems of Naval training. One of these newer approaches is
termed mediated generalization and i8 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
gkills.

*t11
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e In the area of cognitive skills, i.e., 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 without 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 rzlated 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, McCullers,
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), wes 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 I
having six subcategories, and Level 111 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 firet 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 représents a combination of the first twvo. 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 cl20sing 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 cortained 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 Peterson's 19 Level III taska. 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:

e Recalling facts; principles and procedures

e Recognition/identification - nonverbal cues

e Detection - nonverbal cues )

e Symbolic data operations (problem solving /decision making)

Moreover, this analysis suggested that a general situation with whick the L, R,
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, reasponded 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 ulter-
natives. Examples of operational situations of tkis type include radar, sorar,
and ECM system Operation While it is recognized that operators must fre-
quently operate in a iime sharing fashlon, tlie initial L., R, and T should t~
devoted to the sivdy of relatively "pure' tasks. Once sufficient data has . -
vided an understanding of single tasks, they can be combined to form con jlex

. 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 Regearch

Implications of CAl, L. M. Stolurow - paper
toL, Roand T Harvard University
- o D.J. Klaus - discussant
Underwood Olivetti, Inc.

Vigilance and Signal Detection J.S. Warm - paper
_ University of Cincinnati
H.J. Jerison - discussant
University of California, Los Angeles

Decision Making A.F. Kanarick - paper
) Honeywell Inc. ‘

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

Procedural Skills P.W. Fox - paper
A ‘ ' . 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 dlSCUS'
sions. The followmg individuals were present

G. L. »Bvryan - Office of Naval Research

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

W.L. Fox - Human Re80urces Research Office, George
e Washington University

C.M. Harsh - Office of Naval Research

E.I.v Jones - u.s. Navy PerSOnr\el Research Activity

T. Mara - General Dynamxcs, Electrxc Boat Division
A F. bmod‘- -." Dun]ap and Associatns .
The followmg NTDC and Honeywell scientists were a130 in attendance:
A. Blaiwes - - NTDC - | R
| B.-R.._l-avt'err.uls:teir‘\' e Honeywell
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R. Feuge -tHonzywell
W. Lane - NAVTRADEVCEN .
G.S. Micheli - /NAVTRADEVCEN
J.J. Regan ~ NAVTRADEVCEN
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:

e The majority of participants agreed with the necessity for
selecting research problems on the basis of operational
training considerations. This approach was suggested in con-
trast with the more traditional tendency of allowing theoretical
issues to dictate experimental questions. Some attendees felt
that usetul theories would emanate from this more pragmatic
type of research.

e 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 ail
training programs ultimately lead to the transfer of knowledge
in some operational situation. Also, because iransfer 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 mechanisme, e.g., short-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 problein.

2
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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 argumert 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 conditinns 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 mace 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 more 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 srganismic 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, - T ' ’ ‘ : ’

- Another me.thodologicai 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-
sider-the 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 further, that third- or
fourth-order interactions tend to be incomprehensible,

Apparatus Plannin

The conduct of a 8ystem requirements study for an inte Jrated, computer-
based, experimental apparatus has been accomplished at Honeywell's Marine
Sysiems 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 congtructing a new piece of equipment for
each task. The device, for which a systeras concept has been developed, has
been named the Job Training and Testing Console (JTTC). It is essentially
gsimilar 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 recomm=nded 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:

e 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 hasis 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, etec.

e - Levels of variables to be studied will be based on operational
levels; e. g., task complexity, duration of training, etc., will

¢ fixed on the basig of those operational jobs to which generali-
zation is desired.

14
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® Research will permit, but not emphasiz ~valuation of the
utility of alternative theoretical approac ... to transfer of
training, i.e., identical elements theories, mediated gernerali-
zation, and habit heirarchies.

9 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 reducticn and creation, and information
coding processes. '

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

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

These requirements will apply to all phaseg of the program. It is necessary
to specify the features of the initial studies from these requirements. In
particular, it appears necessary to choose spec’fic 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.

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

® Learning strategies, e.g., mnemonics, rehearsal, imagery
e Type of task, i.e., taxonon:ic category

¢ Complexity and difficulty of task

e Amount of original practice

e Instruction versus practice

e Time interval between trairﬁng and transfer sessi ns

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

Early experiments will iend 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 éffective will
be retained for more detalled studuy. Initial experiments will tend to be small,
thereby minimizing the time and money invested in ths study of high-risk

15
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variables. A8 experimental proceadures 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 traineeg 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 rnust 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 .0
{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 reme¢mbered better than
an individual word.

‘I'ne construction of laboratory tasks will be, as stated earlier, based on oper-
ational tagks. Specific tasks will be patterned after Naval tasks possessing
the taxonomic behaviors. This vequirement does not, of course, guarantee
that all research findings will L.ave 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 Psyvchology offers no basis, other than face validity,

by which to determine the extent of generalily from oae task to another.

The determination of predictive validity will be accomplished by applying prin-
cipleg, 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 conditicns for generality will be
established.

Four classes of behavior were determined to be critical from a training
stancpoint in the conduct of Naval tasks. Because of the limited resources

18

23



R S . i . L e e e

NAVTRADEVCEN 68-C-0215-1

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 chogen because of their ubiquity
in Naval jobs. Therefore, the initiai L, R, and T experiments will determine
effects of the previously listed high-priority veriables on subjects' ability to
recall facts, principles, and procedures in the operation of a gystem.

Procedural skills are suggested for study during both the firsi and second
years of the program. Initial research on some other category of gkill 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 progrim, an attempt will be made to test
derived principles in an operational training situation. The first step in
“ccomplishing 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 oi L, R, and T research to Naval training. Limitations in
(\ translatability will be analyzed to determine how future research should be
g altered to increase its utility. In this way experimental tasks should become
increasingly better from the viewpeint of permitting research findings to be
translated inte principles of etfective iraining.

11/18
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SECTION III
EXPERIMENTAL PHASE - PURPOSE AND APPROACH

STATEMENT OF THE PROBEEM

Two initial L, R, and T experiments were run as a means of irriplementing 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 feagibility of satisfying specific program requirements

which evolved from the planning activities, and (b) to provide an !nitial 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, fidelify 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 criterion-ievel transfer performance in a rhinimum of
training time. ‘ o

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
responsges of the two taske are identical. More recent modeis based upon
similarities and differences in stimuli and responses (c.g., Houston, 19/4,
and Martin, 1865) make essentially the same predictions.

A second conceptual approach to transfer of training research is the notion that
transfer canbe achieved through "mediated generalization' (Wittrock, 1968).
The term '"mediated verbal transfer', coined by Osgood (1961), is sometimes
used to refer to this saine process. The basic idea is that people can gene.ral-
ize to and discriminate among different situations by abstracting features from
these situations and generating verbal descriptord. In this way, two tasks may
involve different physical responges yet can be represented by tie 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 signzal.

In situation B, 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 predict a high

" level of transfer from one of thege %asks to the other.

Through mediated generalization it may be possible to train subjects to make
appropriate responses even though they do not prac:ice the actual responses
during the training sessfon. If true, this hypothesis would have:important im-
viications for the training of Navy equipment operators. If {rainees can be

19
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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 8imulation may involve writing the numbers of multiple-
position switch settings, checking controls selected, indicating the names of
controls activated, etc. During transfer, the trainee vsould be required to
translaie the written form of responding to the actual physical rzsponses of
switch actuating, knob turning, etc.

The effectivenesgs of this kind of low ~fidelity training was recently examined by
Grimsley (1968) on an operational U. S. Army procedural tagsk. Grimsley
found no significant differences in criterion tagk performance among three
groups of subjects differing in the fidelity of simulation provided during train-
ing, for retention intervals of as long as one month. One group was trained
on a functioning duplicate of the tactical equipment; the second learined on a
nonfunctioning version; and the third group received practice on a full -gize
artist's representation of the hardware.

Prior to Grimsley's 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, 1854). 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 51969) cites an impressive list of experiments which
consistentiy indicate that imagery can play a major role in learning verbal
material. The learning involved in a procedural task is predeminately verbal.
Therefore, it would seem that imagery could be used to advantage in the train-
ing of procedural skiils. - ‘ ’

Imagery, as related to retention, denotes the use of visual mental representa-
tions of relatively connrete objects as the mediator for storage. A familiar
example of this phenomenon is8 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 actuaily be able to count the windows from the mental
image. o ) " i

Mnernonists (memory experts) are able to recall very long lists of ite.as on a
one-trial learning basis. The essential technique is the so-called one bun,
two-shoe method (Yates, 1966). 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 1igt of items can be learned
zlmost immediately. L ’
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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 cning 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 thet I is even
more powerful than meaningfulness as a determinant of learning.

It wouid 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-bun, two-shoe technique. A
second application of the imagery principle seems much less laborious for the
learner, In this case, a series of images describing the operation of a system
which the subject i8 more fumiliar with are provided. The more familiar
routine could act a8 a peg for the learning of the system operations being
trained.

Post~Experimenta) Reports

The third aspect ¢f these initial experiments involves the use of feedback from
subjects as the basiz of modifying the structure and/or content of training,
The basic question i8 whether subjec!s or trainees are capable of providing
useful information to guide training system designers.

{

The notion of using irainee feedback as an aid to training system design is
related to the previously discussed topic of learning sirategies. Because the
desigaer 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 ho'v training conient can best be. structured to facilitate the

use of effective strategies. It is not until the experiment is run and postexper-
imental inquiry is made of subjects that th.e 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 acécomplished within a paired-associate context
{Martin, Boersma, and Cox, 1965, a,b; and Boersma, Conklin, and Carlson,
1066). Subjects’ 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 earlicr, 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 cea verba-
lize strategies in procedural learning in a fashicn similar to that demonstrated
by Martin, et al,, and Boersma, et al,, in paired-associate learning., Assum-
ing such information can be obtained, its value a8 a basis for modifying train-
ing programs may be empirically evaluated,

APPROACH TO THE PRGBLEM

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 required 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 situaticn 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 tcsk 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 1o
be purely procedural, it is imperative that other categories of behavior con-
tribute as little variance to performance as possible.

To the knowledge o1 this writer, no such experimental device is commercially
available. Previous research on procedural tasks has been accomplished with
either existing military equipment (Grimsley, 1968), 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 decign and build siuch a device for the L., R, and T program:

Although procedural learniny i8 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, ‘ o :

One such dliference 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 unit of learning
for procedural tasks is often a sentence or phrage containing a number of words.

While it is probably possible to structure the learning of facts, principles, and
procedures into one of the orthudox verbal learning methods, it would not seem
to be the best method of tralning, Because the information to be recalled is
necessary during the courseé of performing the job, training would probably be
more effective when practice in recalling procedural {nformation is given during
the perfocmance of the task. .
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’ Another basic cdifference between verbal and procedural learning tasks has to
do with logical relationships among items {0 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 oire another In fairly logical ways, visually as a
function of the structure of the system. For thic reason, knowledge of certain
relationships often triggers recall of specific items of needed information.

Finally, procedural tasks in the military diifer from rote learning experimen-
tal tasks in terms of the content of what is memorized. Operators of com-
ple.t systenis do not resort to memory for all information required for their
job hecause, often, there is simply too much to remember, In such cascs, the
nperator relics 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 memonrize all
items contained in the list and, depending upon the method, sometin. : the
order of occurrence of the items.

Iniormation 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, i, e,, either the number of trials
required to attain some level of accuracy or the accuracy achieved afte» a fixed
number of trials. Because information i8 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 akills task, and was designed to accomplish the
following:

® Because this task had never been used before, it seemed
necegeary to determine the presence of procedural prob-
leras prior to the introduction of experiimental 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 censitivity of each measure.

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

e 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 II,
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Experiment I

This investigation is the first experiment of the L, R, and T program designed
to provide data trauslatable into principles for military tiailning, The follow-
ing hypotheeized princlples were tested within a procedural skills setting;

. Feedback from tralnees can be used to improve the
, effectiveness of trainlng. .

e Imagery, when appropriately incorporated in training,
promotes rapid acquisition of sgkills and high-level
tranefer effects, _

e Cost-effective traintng can be achieved by the vse of

accurate paper and pencil representations of operational
equipment duJ.ng practice.
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, SECTION IV
EXPERIMENTAL 1 HASE - 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 Cc4trol Console) and an information display. The Communica-
tions Control Console (CCC), located directly in front of the seated subject,
housed a’l displays and controls necessary for operating the system., The in-
far mation display, which contained all the facts, principles, and procedures

was a Kodak Random Access Carousel slide projector and a 6 x 7-inch back-
illuminated Polacote screen, Subjects acccssed 35-mm slides with a selector
locatzd 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! respcnses. 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 gections. At the left of the pa::el were three
displays (IEE readouts) which presented input information. One display
showed the designating number of the initiator of the communication {sender).
Below the sender's number was the receiver!s number. At the botiom left of
the CCC was 2 readout which contained the priority of the requested trans-
mission. : . '

The central part of the CCC contained 18 Microswitch transilluminated push-
buttons. Thz 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:

e They indicated which channels were in use and the priority
of the message i1 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 gections 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 6. L, R, and T Laboratory
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The output section was located at the right side of the CCC. Two 32-p051tion
rotary cwitches, called "patching dials, ' were used to select the nuinber of
the sender 2nd the receiver for each communication, Three Microswitch
switchlights were used for: (1) comiecting 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 Hamline 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 undeir stz nding 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 lnstructions
used during training (Appendix E). .

Modes of Operation ~= Although there were 13 categorles 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 Communlcate i

The selection of the appropriaté routine was dependent on subscriber operating
characteristics {(language and uperating frequency}, priority of the requested
transmission, and availability of chat els, Each of the 25 subscribers could
transmit or receive on one, two, or three frequencies, {.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, Langua%e and frcquency characteristics were
provided on the 35-mm slides and could be selected for presentation on the
information display,

]
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~Table 2. Types of Problems Usedin L, R, and T .
_ Experiments I and II T

. Problem Type S Number Presenied

Subscriber to Subscriber (S-S)

Subscriber to Terminal to Subscriber
(S-T-S} due to language disparity

S-T-§ -- due to frequency disparity
S-T-S -- due to frequency and language
S§-T-S rather than ihte rrupt

Interrupt (STBY)/ SS> o

Interrupt (BUSY)/SS

Interrupt (STBY)/S-T-S (language)
Interrupt (BUSY)/S-T-S (language)
Interrupt (STBY)/S-T-S (frequency)
Interrupt (BUSY)/S-T-S (frequency)
Deny Request (STBY)

iN N N n NN o [} [\ w [7-] -3

Deny Request {BUSY)

w
o

Total

Al 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 §-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 commuaication the following procedure
was used: W S . -

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

" (2) Select receiver's number on the right "patching dial"
3) Select ihe uppe-rmoat uhoccitpied channel on the least occupied
common frequency C L
30
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(4) Activate the ' connect" svntch

(5) Activate the "transmit signal" smtch ‘

S-T-S Mode -- The S T-S rout1ne 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 dlscrete parts. The first part included the following steps:

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

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

(3) | Select a frequency vnthin the sender's capability

(4) Activate the ' connect symch

(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 te 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-occupied fre-
quency usable by the receiver

(4) Activate the "connect' switch
(5) Activate the "transmit signal" switch

Interrupt Routine -- 'l‘he interrupt routine was used when the requested
transmission was ol 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 chaanel that they must discontinue communica-
tion. If the interrupted channe! contained a priority-two-message, a standby
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 posltion 30 on both "patching dlals"
2) Select the channel to be interrupte.i

(3) Activate ""standby" or "husy" for priority -two or priority-
s three transmwsions. redpectively
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(4) Activate the "transmit" switch

(5) Wait for the channel to be cleared (indicated by the offset of
the 111uminated channel indicator)

As stated earlier, the interrupt routine was always used in conjunction with
either the S-S or 5-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 trarismission, the request had to
be denied. Requests wers 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 signal" 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 of the problems.

(3) A 10-minu*e rest period wag 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 problex;u 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 subjscts. For example,

Tew
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subject 1 was given mubsets 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 as he had
during training. The order of problems within subsets was randomjzed.

A tria) (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, automatlcally
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 sieps, 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 txme.

{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 £nd how they went about learning
it. To further 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’ suggesttons were recorded, =~

RESU LTS

Learmng Effects

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

ResLonse Time -- This measure referred to the elapsed time between the
ginning and completion of a subroutine. If a subroutine was omitted, an
elapsed ime 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 {o be no retention loss over the
24 hours between training and transfer. To the contrary, some evidence of
reminiscence is apparent in the data.,

A o
Accuracy -- The accuracy data are given as percentages of subroutines cor-
rectly 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

Penalty
(deduct)

- Error Type
R_outine Selection Errora ’

~ SS-instead of STS {major)
. STS instead of SS$ (minor)
Unnecessary interrupt (major) ‘
Unne cessary cancel (major) .
General Fallures in Procedure Following (no credit)
Patching Errors
Simple dialing error (minor)
Procedural error {major)
Channell Frequency Select Error
Minor choice error ,
" Major cholce ervor -
Wrong utput Sele _.ed -~
Minor error ’
Major error L
Order of Steps Error '
" Interrupt before S~ T (minor)
" Others (n.ajcr)
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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.
example, a subject who interrupted a channel unnecessarily had thrée points
deducted from his score. If the problem could have been golved by using a
single S-S communication, involvirg 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 bne three-
point error was made would have resulted in a score of {15-3)/15 of 80 per-

"~ cent, ‘

For

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 approvimately the 95 percent level. The sbsence

of a significant retention loss was consistent with the time data.
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Figure 8. Mean Percent Ac;curacy 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 &cores.
The r's for Sets A and B were -0.35 and -0.33, respectively. The n2gative
correlations reflect the fact that numerically high time scores indicate lower

performance Jevels, while the opposite is true for accuracy scores.
neither correlation coefficient was statistically reliable.
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Equivalence and Internal Consisiency of Problem Sets

T-tests were performed on the ‘ime 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 significaat variation in subset difficulty.

Subjects* Verbal Reports

The subjects expressed general satisfaciion 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, hoviever, that they did not attempt to menorize
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 thai 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 aystem, 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 {sn'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.
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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 resronse time, show strong evidence of learning, The
rather meager improvement {n 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 simificant 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 in.dication, how-

ever, that they used imagery as a mnemonic in the memorizing of specific

facts, principles, and procedures, Instead, it appears that immages of under-

lying system structure lead to more rapid acquisition of performance skills,
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SECTION V
" EXPERIMENTAL PHASE - EXPERIMENT II

METHOD

Aggafatus

The subject's task was identical to that of Experiment 1. Consequently the
hardware and problems were the same as those used in the previous investi-
gation.

Additional 35-.nm slides were prepared for the presenta.’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 ai'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 assigred 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 Exper‘ment I were as
follows. First, from the experience gained in the conduct of the initial inves-
tigation, several of the subjects' suggestions were incorporated int: the second
experiment. Modifications were made in the manual for added clarily, based
upon questions raised by subjects in Experiment I. When questions {id arise,
in the present experiment, the experimenter would refer the subject to appro=
priate sectlons 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
adininistered. These were of the types: S-S, S-T-S, S-S/Interrupt, and Deny
Sender's Request. ‘ o

Because Experiment 1I 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 TRANSFER
INSTRUCTIONS PRACTICE § No.
LOW FIDELITY ASK 8 15
TASK A T
. L0¥AFS| EBLITY TASK A 610
N_o tMAGERY HI?H FIDELITY TASK B 11-1%
HIGH FlDEl.ITY TASK A 16-20
TASK B
LW FIDELATY TASK B A-5
TASK A
lO\?AFsl 'I(!EBI.ITY TASK A %-30
IMAGERY HIGH FIDELITY TASK 8 31-35
- _TASKA
H|(1':_ Dsﬂ TASKA 3%-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 contrcls, 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 w0rdmg 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 wera instead
given 5 minutes to study the manual just prior to the presentation of sample
problems.

Experimeht 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 1I, .

A final change {n 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.

42




NAVTRADEVCEN 68-C-0215-1
RESULTS

Performance during training and transfer was measured in terms of response
time (Figure 12) and percent aceuracy (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 izvel of confxdence.

Evidence of forgetting can be seen by comparing scores for the final blocks
of the training session with the initial blocks of the transfer session (Figures
12 and 13). However, by the third bluck 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 slgmfxcant at beyond the 0.05 and 0. 01 levels,
reapectively.

Imager

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 during
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 8). 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 simulation 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 firat 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 transformsation was applied to the percent accuracy scores
used in the ANOVA,

s
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o NO MAGERY
© IMAGERY
- — LOW FIDELITY
~——— HIGH FIDELITY

PROBLEM BLOCKS

Figure 12. Effects of Imagery and Fidelity of Simulation
on Response Time
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Figure 13, Effects of Imagery and Fidelity of Simulation
on Accuracy :
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Table 6. Analysis of Variance Summary -- Response
: 'I‘ime Durmg Tralmng

Source of VariationT .di 1 - MS J F

" Fidelity (F) ~ <[ - 1 | " 105.56 | <1
Imagery () 1 | 5486.28 | 12.86%
Blocks (B) 4 | 3205.25 | 80.16*
FI =~ 1 0.01 { <1
FB 4 "1.92 <1
IB. 4 174.84 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| o.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) - | 386 0.1066
FIB - | - 4] 0.0350 | <
TxS(FD) . . | ‘144 | o0.0403

*p <0.01
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Table 8, -Analyéis of Variance Summary -- Response

Time During Tranafer'’ Q
Eource of Variation | ~df | - MS - F
Fidelity (F) 1 252.23 | 1.34
Imagery (1) 1 2239.14 11, 88%
Blocks {B) 4 1270.48 59, 87%
F1 1 14,91 <1
FB 4 87.31 4.11%
1B 4 88,79 4,18%
S(¥1) o 36 188,53
FIB 4 4,58 <1
TxS(FI) 144 21,22
*p <0.01
Table 9. Analysis of Variance Summary -- Arcsin Transformed 3
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*
F1 1 0.1086 <1
FB 4 0.0106 <1
1B 4 0.0100 <1
S(F1) 38 0.1654
FIB 4 0.0504 <1
TxS(FI) 144 0.0318
*p < 0.05
)
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Performance on the transfer problems, as measuted by percent accuracy,
did rot appear to be affected by fidelity of simulation during iraining (ﬁ‘lgure
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 20 percent more rapidly than did the controls. An
interesting unplication of this result is the fact that imagery subjécts could
have been given additional problems during the training period, without in-
creasing the total time devoted to training over 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 weos
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-
tul strategies can be provided to subjects who would not otherwxse have
employed them.

. The effect of fidelity of simulation in the present experiment supports earlier

findings (e.g. , Grimsley, 1968) that training effectiveness can be achieved
through the use of low-cost paper and pencil simulations of the aperational
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,

47

e ot e et RBCIT A



NAVTRADEVCEN 68-C-0215-1

REFERENCES

Battig, W.F. Facilitation and interference. In E.A. Bilodeau (ed.), Acquisition
of Skill, New York: Academic, 1986.

Beersma, F.J., Conklin, R.C., and Carlson, J.E. Effects of reporting
associative strategies on the retention of paired associates. Psychonomic
Science, 1966, 5, 436-464. _

Brown, 'D.R., Briggs, G.E., Naylor, J.C. The retention of discrete and
continuous tasks as a function of interim practice with modified task require-
ments. Technical Document Report No. AMRL-TDR-63-35, May 1963.

Bunch, M. E. The amount of transfer in rationai learning as a function of
time. Journal of Comparative Psychology, 136, 22, 325-337.

Deese, J., Hulse, S.H. The Psychology of Learning. New York: McGraw-
Hill, 1958, :

Gagne, R.M., and Paradise, M.E. Abilities and learning sets in knowledge
acquisition. Psychological Monographs, 1961, 75, No. 14 (whole No. 518).

Ginsberg, R., McCullers, J.C., Merryman, J.J., Th.ompson, C.W.,

Witte, R.S. A review of efforts to organize information about human learning,
transfer,and retention. Technical Report No. AMRL-TR-66-23, Wright-
Patterson AFB, Ohio, 1968, '

Houston, J, P. Verbal transfer and interlist similarities, Psychological
Review, 1964, 71, 412-414.

Jung, J. Verbal Learning, New York: Holt, Rhinehard and Winston, Inc.,
1968.

Kurke, Martin 1. Operational sequence diagrams in system design. Human
Factors, 1961, 66-73. .

Mackie, R.R., and Christensen, P.R. Translation and application of psycho-
logical research. Human Factors Research, Inc. Technical Report F6-1,
1967.

Mahler, W.R., and Bennett, G.K. Psychological studies of advanced Naval
air training: evaluation of operational flight trainers. Tech. Report
SPECDEVCEN 999-1-1, Office of Naval Research Special Devices Center,
Port Washington, September 1950.

Martin, C.J., Boersman, F.J., and Cox. D.L. A classification of associa-
tive :trategies in paired-assoclate learning, Psychonomic Science, 1952, 3,
455-456. . .

48

< 54




XN

NAVTRADEVCEN 68-C-0215-1

Martin, C.J., Cox. D.L., and Boersma, F.J. The role of associative
strategies in the acquisition of P. A. material an alternative approach to
meaningfulness. Psychonomic Science, 1965, b. 3, 463-464.

‘Marx, M.H. Learnlgg:' Processes, New York: MacMillan Co., 19689.

Newton, J. M. Tralning Effectiveness as a Function of Simulator Complexity.
Technical Report NAVTRADEVCEN 458-1, Training Device Center, Port ‘
Washington, N.Y., Sept. 1959.

Osgood, C.F. The similarity paradox in human learning: a resolution,
Psychological Review, 1949, 56, 132-143.

Osgood, C.E. Comments on Professor Bousfield's paper. In C.N. Cofer
(ed.),Verbal Learning and Verbal Behavior, New York: McGraw-Hill, 1961,
pp. 91-106.

Paivio, A. lLearning of adjective-noun paired associates as a function of
adjective-noun word order and noun abstractness. Canadian Journal of

Psychology, 1963, 17, 370-379.

Paivio, A., Yuille, J.C., and Smythe, P.C. Stimulus and response abstract-
ness, imagery and meaningfulness and reported mediators in paired associative
learning. Canadian Journal of Psychology, 1966, 20, 362-377.

Paivio, A. Mental imagery in associative learning and memory. Psychological
Review, 1969, 76, 241-263. '

Senter, R. J. , Houter, G. An experimental study of a mnemonic system.
Psychonomic Science, 1968, 10, 289-290.

Wilcoxon, H.C., Davy, k., and Webster, J.C. Evaluation of the SNJ
Operational Flight Trainer, Technical Report SPECDEVCEN 999-2-1, Special

Devices Center, Port Washington, N.Y., March 1954 (Contractor: Psycho-
logical Corporation).

Willis, M.P. and Peterson, R.O. Deriving Training Device Implications
from Learning Theory Principles. Vel, 1I: Methodology, Tech. Report
MNTDC 784-2, Port Washington, New York, 1961.

Wittrock, M.C. Three conceptual approaches to research. In R.M. Gagné
and W.J. Gebhard {eds.), Learning Research and School Subjects, Itasca-
Illinois-Peacock, 1968.

Yates, F.A. The Art of Memory. Chicago: University of Chicago Press,
1966.




NAVTRADEVCEN 68-C-~0215-1

APPENDIX A
BIBLIOGRAPHY

Adams, J.A. Psychomotor response acquisition and transfer as a function of
control indicator relahonshlps. Journal of Experimental Psychology, 1954,
48, 10-14. —

Adams, J.A. Human Memory. New York: McGrawrHill, 1967.

Ammons, R., Willing, L. Acquisition of motor skills: 1V. Effects of
repeated periods of massed practice. Journal of Experimental Pslchol_gy,
1056, 51, 118-127,

Ammons, R.B. Acquisition of motor skills: I. Quantitative analysis and
theoretical formulation. Psychological Review, 1947, §4, 263-281.

Ammons, R, B, Knowledge of performance. ADC Technical Report 54-14,
February 1954, 1-32, _

Ammons, R.B., Carol, H., Morgan, R. L., Transfer of training in a simple
motor skill along the speed dimension. (WADC) Wright Air Development
‘Center Technical Report 53-498, March 1854,

Aronov, B M. The influer.ce of consistent and inconsistent guidance on human
learning and transfer. Journal of Educational Psychology, 1858, 49, 80-85.

Asch, S.E., Ebenholtz, S. M. The process of free recall: Evidence for non-
associative factors in acquisition and retention. Journal of Psychology, 1962,
54, 3-31.

Asher, J.J. The total physical response approach to second language learning.
The Modern Language Journal, January, 1969, 53, 3-17.

Attneave, F., Arnoult, M.D. The quantitative study of shape and pattern
perception. Psychological Bulletin, 1956, 53, 452-471.

Bahriék, H.P. Retention curves: Facts or artifacts? Psychological Bulletin,
19641 gn 188'194. '

Bahrick, H.P. The ebb of retention. Psychological Review, 1965, 72, 60-73.

Bahrick, H.P., Noble, M, T. Motor behavior. In Sidowski {ed.), Experi- .
mental methods and instrumentation in pjcholﬂ New York: McGraw-Hill,
1968. ]

Bahrick, H. P. Relearning and the measurement of retention. Journal of
Verbal Learning and Verbal Behavior, 1967, 6, 89-94.

Baker, C.H., Young, P. Feedback during tralning and retention of motor
skills, Canadian Journal of Psychology, 1960, 14, 257-264.

o 51

o6




NAVTRADEVCEN 68-C~0215-1

Baller, W., Jahnke, W. Effects of difficulty level, temporal position of feed~-
back and content of verbal material on retention. Psychological Reports,
1967, 21, 645-648.

Battig, W.F. Facilitation and interference. In E.A. Bilodeau (Ed.), Acqui-
gition of Skill. New York: Academic, 1966. Press, 1966.

Battig, W.F. A shift from negative to positive transfer under the a-c paradigm
with increased number of C-D control pairs in mixed list. Psychonomic
Science, 1965, 4, 421-422,

Battig, W.F, Symposium on coding and conceptual proces.ses in verbal learning.
Journal of Verbal Learning and Verbal Behavior, 1966, 5, 177-181.

Biel, W.L. Training programs and devices. In Gagne (Ed.), Psychological
Principles in System Development. New York: Holt, Rinehart, Tgmston, 1962.

Bilodeau, E.A., Bilodeau, I.M. Motor skills learning (the article is from
Acquisgition of skill.) Annual Review of Psychology, 1961, 12, 243-280.

Bilodeau, E.A., Levy, M.C. Long-term memory as a function of retention
time and other conditions of training and recall. Pgychological Review, 1964,
_Z_l_: 27‘41.

Bilodeau, E.A., (Ed.) Acquisition of skill. New York: Acadernic Press, 1966.

Bilodeau, I.M. Transfer of training across target sizes. Journal of Experi-
mental Psychology, 1865, 70, 135-140.

Blick, K.A., Bilodeau, E.A. Interpolated activity and the learning of a
simple skill. Journal of Experimental Psychology, 1963, 65, 515-518.

Boersma, F.J., Conklin, R.C., Carlson, J.E. Effects of reporting associa-
tive strategies on the retention of paired-associates. Psychonomic Science,
1966, 5, 463-464.

Braun, H. W., Heymann, S.P. Meaningfulness of material, distribution of
practice; and serial position curves. Journal of Experimental Psychology,
1958; §§; 146'150-

Briggs, G.E., Naylor, J.C, The relative efficiency of several training
methods a8 a function of transfer task complexity. Journal of Experimental
Psychology, 1950, 56, 492-500.

Briggs, G.E,, Johnston, W.A, Team training research. Technical Report:
NAVTRADEVCEN 1327-2, November 1965, 1-27.

Briggs, G.E., Naylor, J,C. -Team versus individual training, training task
fidelity and task organization effects on transfer performance by three-man
teams. Journal of Applied Psychology, December 1965, 49, 387-392.

%y



NPT A s o = e

NAVTRADEVCEN 68-C-0215-1

Briggs, G.E., Johnston, W.A., Influence of a change in system criteria on
team performance. Jeurnal of Applied Psychology, 1966, 50, 467-472,

Briggs, G. ., Johnston, W.A. Laboratory research on teamn training.
Technical Report: NAVTRADEVCEN 1327-3, May 1966, 1-56,

Brigzgs, G.E., Johnston, W.A., Tearn training. Technical Report:
NAVTRADEVCEN 1327-4, June 1967, 1-79.

Briggs. G.E, The relative efficiency of gseveral training methods as a func-
tion of transfer task complexity. Journol of Experimental Psychology, 1932,
64, 505-512,

Brown, D.R., Briggs, G.E. Naylcr, J.C. The retention of discrete and con-
tinuous tasks as a function of interim practice with modified task requirements.
Technical Document Report No. AMRL~TDR-63-35, May 1963, 1-18.

Bugeiski, B.R., Cadwallader, T, A reappraisal of the transfer and retro-
action surface. Journal of Experimental Psychology, 1956, 32, 360-365.

Bunch, M. E. The amount of transfer in rational learning as a function of
time. Journal of Comparative Psychology, 1936, 22, 325-337.

Bush, W.J., Gregg, D.K., Smith, E.A. Some interactions between individual
differences and modes of instruction. AMRL-TR-65-228, December 1965,
1-19.

Carlson, J.E., Boersma, F.J., Conklin, R.C. Effects of post-learning
activities on the retention of paired-associates. I’sychoaomic Science, 1967,
8, 543-544. -

Carpenter, D.R., Grecnhill, L.P. Instructional films - list of reports and
summaries of resutts of research. Navy, Spec. Dev. Cen. 269-7-61%,
February, 1957 -

Clarke, A.D., Cooper, G.M. Age and perceptual motor transfer of training.
Perceptual and Motor Skills. 1964, 193, 849-850.

Chambers, R.M. Transfer of training among components of a complex
velocity control task. NADC-MA Lab. Report, 1959, 5920.

Clifton, C., Jr. Initial transfer in the mediation of paired associates.

. Journal of Experimental Psychology, 1966, 71, 168-178.

Clifton, C., Jr. Response trangfer as a function of verbal association )
strength: Group verbal learning. Journal of Experimental Psychology, 1966,
71, 780-1781. I

Cooper, E.H., Pantle, A.J. The total-lime hypothesis in verbal learning.
Psychological Bulletin, October 1967, 68, 221-234,

Coppage, E.W,, Harcum, E.R. Temporal vs. structurs! determinants of
primacy in strategies of serial learning. Journal of Verbal Learning and
Verbal Behavior, 1967, 6, 487-491.

53

'af



NAVTRADEVCEN 68-C-~0215-}

Cotterman, T.E. Task clagsification: An approach to part.ally ordering in-
formation on human learning. Technical Report WADC-TR5%8-374. Ohio; .
Wright-Patterson AFB, 1959. )

Cox, J.A. Application of a method of evaluating training. Journal of Applied
Psychology, 1964, 48, 84-87.

Cratty, B.J. Comparison of learning a fine motor task with learning a similar
gross moter:task using kinesthetic cuss., Research Quarterly, 1962, 33, 212-221.

Cyr, C., 'Thune, L.E., Erickson, S.C. Studies in transfer learning: Effect
of methods of instruction on operator proficiency. Defense Documentation
Center ~ No. 419624, 1957,

Dallett, K. M. Effects of within-list and between- list acoustic similarity on
the learning and retention of paired associates. Journal of Experimenial
Psychology, 1066, 72, 667-677.

Dailett, K, M. The transfer surface reexamined. Journal of Verbal Learning
and Verbal Behavior, 1962, 1, 92-u4.

Day, R.H. Relative task difficulty and transfer of training in skilied perfor-
mance, Psychological Bulletin, 1926, 53, 160-167.

‘Deese, J., Hulse, S.H. The Psychology of Learning. New York: McGraw-
Hill, 1958, - -

Deutsch, J.A. A system for shape retention, Psychological Review, 1962, -
69, 492-500. ..)

Dodwell, P.C. A coupled system for coding and learning in shape discrimina-
tion. Psychological Review, 1964, 71, 148-15¢.

Dooley, R.P., Newton, J.M. <{ransfer of training between quickened and
unquickened displays. Perceptual and Motor Skills, 1965, 21, 11-15.

Dornbush, R.L. Shadowing in bisensory memory. The Quarterly Journal
of Experimental Psychology, 1968, 20, 225-~231.

Duncan, C. P, Transfer after training with sirigle versus multiple tasks.
Journal of Experimental Psycholegy, 1958, 55, 63-72.

Elliott, T.K. A comparison of three methods for pregenting procedural
troubleshooting information. AMRL-TR-66-131, December 1966, 1-38.

Elliott, T.K. The Msaintenaitce task simulator (MTS-2). A device for elec-
trenic maintenance research. Application and operation. AMRL-TR-67-140.
Ohio - Wright-Paiterson AFB, 1967, 1, 1-35.

Elliott, T.K. The maintenance task simulator {MTS-2). A device for elsc-

tronic maintenance research. AMRL -CR-67-140, Maintenance Data, QOctiober

1967, II, 1-193. _ )

Ellis, H.C. 'The transfer of learning. New York: MacMillan, 1965. {)
Q

IToxt Provided by ERI

54



fodesy 9 TR T

NAVTRADEVCEN 68-C-0215-1

Ellis, N.C., Lowes, A. L., Mathey, W.@G., Norman, D.A. Pilot perfor-
nance, transfer of trzining and degree of stimulation. IJI. Ferformance of
non-jet experienced pilots versus simulation fidelity, Technical Report.

' NAVTRADEVCEN 67-C-0034-1, August 1968, 1-65.

Farber, I. E. The things people say to themselves. American Psychologist,
1963, 18, 186-197.

Feuge. R.D., Ellis, H.C. Generalization gradienis in recognition memory
of vicual form: The role of stimulus meaning. Journal of Experimental Pay-
chology, 1969, 79, 288-294.

Finch, G., Cameron, F., (Ed.). Air Force Human Engineering, Personnel
and Training Research. Washington, D.C., National Academy of Sciences,
1965.

Fleishman, E.A., Fruchter, B. Component and total task relations at different
stages of learning a complex tracking task. Perceptual and Motor Skills, 1965,
20, 1305-1311.

Fleishman, E,A., Parker, J,F., Jr, Ffactors in the retention and relearning
of perceptual motor skills. Journal of Experimental Psychology, 1962, 64,
212-226. ‘

Folley, J.D., Jr., Woods, R.H. Comparison of three imncdes of ‘nstruction
for the operation of a complex oscilloscope. AMRI-TR-€6-195, March 1367,
1-62.

ﬂ» Fox, W.1. Forgetting a simple motcr task, Psychonomic Science, 1966,
8§, 301-302,

Fuchs, A.H. The progression-regression hypotheses in perceptual-motor
skill learning. Journal of Experimental Pgychology, 1862, 63, 177-182.

Gagne, R.M., Foster, H., Crowley, M. E. The measurement of transfer of
training. Psychological Bulletin, Marcn 1948, 45, 97-130.

Gagne'. R.M., Baker, K.E., Foster, H. On the relation between similarity
and transfer of training in the learning of discriminative motor tasks, USN-
SDC-Tech. Report 316-1-5, 1949.

Gagne 5 K. M., Paradise, N. E. Abilities and learning sets in knowledge acqui-
sition. Psychological Monographs - No. 14, 1861, 75.

Gagne » R.M. Military training and principles of learning. American st_cho-
logist, 1962, 17, 43-81.

Gagne » R. M The acquisition of knowledge. Psychological Review, 1962,
89, 355-365.

Gagne ) R.M. The conditions of learning. New York: Holt, Rinehart, Winston, 1955.

——

Gannon, D,R., Noble, C.}. Familiarization {n)'as a stimulus factor in paired-
o associate verbal learning. Journal of Experimental Psychology, 1961, 62,
14-23.

85

I

b




NAVTHADEVCEN 68-C-0215.1

Garner, W.R., Whitmarsh, J.R. Form and amount of internal structure as
factors in free~-recall learning of nonsense words. Journal of Verbal
learning and Verbal Behavior, 1965, 4, 257-268.

George, C.E., George, R.H., Boutwell, J, Research mnemorandum - pilot
studies of team effectiveness., HumRRO, February 1963, 1-66.

Ginsberg, R., McCullers, J.C., Merryman, J.J., Thompson, C.W., Witte,
R.S. A review of efforts to organize irformation about human learning,
transfer and retention. AMRL-TR-66-23. Ohio: Wright-Patterson, March
1966,

Glanzer, M., Glaser, R. A review of team training problems. American
Institntes for Research. Technical Report, September 1955, 1-65.

Glanzer, M., Glaser, R,, Klaus, D.J. The team performance record: An
aid for team anal;sis and team training. American Institutes for Research.
Technjcal Report, December 1856, 1-24.

Glanzer, M., Glaser, R. Techniques for the study of group structure and
behavior: 1. Analysic of structure. Psychological Bulletin, September 1959,
56, 317-332.

Glaser, R., Klaus, D.J. Proficiency measurement: Assessing human per-
formance. In Gagne' (Ed.), Pgychological variables in system development.
New York: Holt, Rinehart, and Winston, 1967.

Glaser, R., Klaus, D.J., Egerman, K. Incraasing team proficiency through
training, the acquisition and extinction of a team response. AIR-B64-5/62-TR,
May 1962, 1-59. ‘

Glaser, R. Training Research and Education -~ In Glanzer, M. Experimental
study of team training and team functioning. New York: Science Editions.
John Wiley, Sons, 1965, Chapt. 13, 379-407,

Goggin, J.P. Retroactive and proactive inhibition in the short term retention
of paired associates. University Microfilms Inc., Ann Arbor, Michigan,
1964, 1-65.

Goldstein, D.A., King, W.J. Trandsfer retention for verbal and motor tasks.
Electric Boat Co,, U411-6!-064, 1 April 1961, 1-29,

Goldstein, D.A., Newton, J. M. Transfer of training as a function of task
difficulty in a complex control situation. Journal of Experimental Psychology,
1962, 63, 310-375. - hn T

Goodnow, J.J., Pettigrew, T.F. Effect of prior patterns of experience upon
strategies and learning sets. Journal of Experimental Psychology, 1955, 49,
381-389, o -

Goulet, L.R., Barclay, A. Comparison of paired-associate transfer effects
baiweer the A-B, C-A and A-B. B-C paradigms.. Jcurnal of Experiinenial
PS!ChOlOg!. 1965: lgg 537'539- '

56

51




P OO ST o e e seesom e oo oo .

0

e emmmem e e e e s O U———

NAVTRADEVCEN 68-C-0215-1

Goulet, L.R. Degree of learning and tranafer of training. Psychonomic
Science, 1967, §, 245-246. B

Greenhill, L.P., Tyo, J. Instructional film production, utilization and
research in Great Britain, Canada and Australia, rapid mass learning,
Penn, State U., SDC-268-7-1, May 1948, 1-27,

Gregg, L.W., Simon, H.A. An information processing explanation of one-
trial and incremental learning. Journal of Verbal ILearning and Verbal
Behavior, 1967, 6, 780-787.

Grimsley, D.L. Acquisition, retention and retraining. Effects of high and
low fidelity in training devices. Technical Report 69-1, February 1969, 1-24.

" Hall, J.F. The psychology of learning. New York: J.B. Lippincott Co.,

1966.

Hammerton, M. Retention of learning in a difficult tracking task. Journal
of Experimental Psychology, 1963, 66, 108-110,

Hammerton, M, Measures for the efficiency of simulators as training devices.
Ergonomics, 1967, 10, 63-66.

Hanes, R.M., Borchers, J.M. Team versus individual performance in

tactical judgment. T16-367, 14 June 1960, 1-8,

Harcum, E.R. Parallel functions of serial learning and tachistoscopic
pattern perception. Psychological Review, 1967, 74, 51-62.

Harmon, J.M., Cxendine, J. B. Effecl of different lengths of practice
periods on learning of a motor skill, Research Quarterly, 1961, 32, 34-41.

Hart, J.T. Memory and the memory - monitoring process. Journal of
Verbal Learning and Verbal Behavior, 1967, 6, 685-691,

Helmick, J.S. Pursuit learning as affected by size of target ard speed of
rotation. Journal of Experimental Psychology, 1951, 41, 121-125.

Hilgard, E.R. and Sait, E. M. Estimates of past and of future performances
as measures of aspiration. American Journal of Psychology, 1941, 54, 102-
108.

Hintzman, D.L. Articulatory coding in short-term memory. Journ.al of
Verbal Learning and Verbal Behavior, 1967, 6, 312-316.

Hoban, C.F., Jr., Van Ormer, E.B. Instructional film research (rapid mass
learning) 1918-1850. SDC-269-7-19, December 1950, 1-179

Holding, D.H. Transfe: between difficult and easy tasaks. British Journal
of Psychology, 1962, 53, 397-407.

Holding, D.H. Principles of training. London: Pergamen, 1965,

Hoinzie, M.J., Hardcare, L.E., Weiner, J. Transfer of trafuning as a func-
tion of stimulus and response integration of paired-associates. Journal of
Experimental Psychology, 1967, 74, 383-388.

A,




NAVTRADEVCEN 68-C-0215-1

Hooprich, E.A., Steinernann, H, A review of electronics training research
literature. Navy, NPRA STB-67-1, August 1966.

Horrocks, J.E., Krug, R.E., Heerman, E. Team training II: Individual t)
learning and team perforinance. NAVTRADEVCEN 198-2, August 1960, 1-58.

Horrocks, J. E., Heerman, E., ¥Krug, R.E., Team training III: An approach
to optimum methods and procedures. NAVTRADEVCEN 198-3, August 1961,
1-66.

Houston. J. P. Verbal transfer and interlist similarities. Psychological
Review, 1964; ﬂj 412'414. -

Howell, W.C. On the heterogeneity of stimulus and response elements in the
processing of information. Journal of Experimental Psychology, 1932, 63,
235-243,

Hull, C.%L. Principles of Behavior. New Yoik: Appleton-Century, 1943,

Jahnke, J.C. Postrest motor learning performance as a function of degree of
learning. Journal of Experimental Psychology, 1961, 62, 605-611.

Jakobovits, L..A., Lambexrt, W.E. Mediated satiation in verbal transfer.
Journal of Experimental Psychology, 1962, 64, ,46-331.

Johnson, R.B. Recognition of noitsense shapes as a function of congruence
among components of pretraining task. PhD digsertaiion, 1965, 36, 270-276.

Jung, J. Transfer of training as a function of degree of first-list learning. )
Journal of Verbal Learning and Verbal Behavior, 1662, 1, 187-199,

Kanner, J., McClure, A, H. Varied versus identizal repetition in filmed
instruction on micrometer reading. AF, PTRC TARIL-LN-56-11, April 1956,
1-18.

Karlin, I.., Mortimer, R.G. Effects of visual and verbal cues on learning
a motor gkill. Journal of Experimental I'sychology, 1962, 64, 608-614,

Karlin, L., Mortimer, R.G. Eifect of verbal, visual, and auditory aug-
mented cues on learning a complex motor skill. ."-urnal of ¥xperimental
Psychology, 1963, §5, 75-178. N

Kasschau, R.A., Dollio, H. R. Response transfer mediated by n:eaningfully
similar and associated stimuli using a separate list design. Journsal of
Experimental Psychology, 1967, 74, 146-148.

Kauslcer, D.A'. » Kanoti, G.H. R-5learning and negative transfer effects
with mixed list. Journal of Experimental Psychology, 1963, 65, 201-205,

Keppel, G. Problems of raethod in the study of short-term m°mory. Psy-
chological Bulletin. January1965. 63, 1-13. -

Keppel, G., Underwood, 13.J. Pr oactxve inhibition in short-term rctention of
single items. Journal of Verbal learning and Verbal Behavior, 1862, 1, (-)
153 161. , :

ERIC ®
" g




O

HAVTRADEVCEN 68-C-0215-1

Kimble, G.A. Performance and reminiscense in motor learning as a function
of the degree of distribution of practice. Journal of Experimental Psychology,
1949, 33, 500-510, ‘

Kimble and Skatel. Relationship between two kinds of inhibition and the amount
of practice. Journal of Experimental Psychology, 1952, 44, 355-359.

Kintz, B.L. Equal rest-work ratios under massed and distributed practice.
Iowa Academic Sci., 1962, 69, 496-502.

Klipple, A. G. Anj_xnl.oratorv investigation of the effects of ambi%ui_t,} in

traininimaterials on sonar cue judgments. Tech. Bulletin 65~13-0J.5. Naval
Personnel Rescarch Activity, Kpn{. 1965, 1-11,

Knight, J., Gray, J.A. Degree of learning, proactive interference and
retention. Nature, 1967, 218, 406-407.

Krueger, W.C.F. Learning during directed attention. Journal of Educational

Psychology, 1917, 8, 239-240.

Kurke, Martin 1. Overational sequence diagraims in system design. Human
Factors, 1961, 66-73,

Lachman, R., Field, W.H. Recognition and recall of verbal material as a
function of degree of training. Psychonomic Science, 1965, 2, 225-226.

Lavery, J.J. Retention of a gkill following training with and without instruc-~
tions to retain. Perceptual and Motor Skills, August, 1964, 18, 275-281,

Lavery, J.J. Retention of a skill as a function of display/hand movement
ratio during training. Perceptual and Motor Skills, 1964, 19, 626.

Lawrence, D.H. Tne evaluation of training and transfer programs in terms
of efficiency measures. The Journal of Psychology, 1954, 38, 367-382,

Lee, W. ROC curves for recognition of visual patterns. Psychonomic
Science, 1965, 2, 61-52,

Lewis, M.E., Teichner, W.H., The effect of various modes of rehearsal on
short-term recall. Technical Report; NAVTRADEVCEN 1303-1, June 11,
1964, 1-22,

Lordahl, D.S., Archer, E,J. Transier effects on a rotary pursuit task as a
function of first-task difficulty. Journal of Experimental Psychology, 1958,
56, 421-428. - -

Maccawlin, E. F. A teatative taxonomy of task demands. Paper Presented at
the American Psych. Assoc. Convention, September, 1963, 1-6.

Mackie, R.R., Christensen, P.PR. Translation and application of psychological
research - Human Factors Research Inc, Technical Report 761-1, January,
1967, 1-142. .

b4



o 1961, 45, 214-221,

o0

NAVTRADEVCEN 68-C-0215-1

Mackworth, J.F. Presentation rate, repetition and organization in auditory
short-term memory. Canadian Journal of Pgychology, Rev. Caradian Psychc -
logy, 1865, 18, 304-318. 1)

Martin, C.J., Boersma, F.J., Cox, D.L. A classification of as3ociative
strategies in paired-associate learning. Psychonomic Science, 1965, 3,
455-456. -

Martin, C.J,, Cox, D.L,, Boersma, F.J. The role ¢f associative strategies
in the acquisition of P-A material: An alternate approach to meaningfulness,
Psychonomic Science, 1965, 3, 463-464.

Martin, E. Transfer of verbal paired associates. Psychological Review,
Spptember, 1965, 72, 327-343. :

Marx, M.H. Learning: Processes, Chapter 16 - current status and pros-
pects. The Macmillan Comp. Colller-Macmillan, 1969, Chapler 16, 364-385,

McGoech, J.A. Influence of association value upon the difficulty of nonsense
syllable lists. Journal of Genetic Psychology, 1930, 37, 420-430,

McGoech, J.A. The Psychology of Human Learning. New York: Lonémans.
Green, 1942.

McGuire, W.J. A preliminary study of the use of an instructional film in
teaching a motor skill. AF, PTRC TARL-LN-55-57, December, 1965, 1-11.

Mechanic, J,A. Response activities and the machanism of selectivity in -
incidential learning. Journal of Verbal Learning and Verbal Behavior, 1967, )
6, 389-397.

Melton, A.W. The taxonomy of human learning: Overview. In A, W. Melton
(Ed.), Categories of human learning, New York: Academic Press, 1964.

Micheli, G.S. Augmenting feedback and transfer of trainin% NAVTRADEVCEN
IH-41, U.S. Naval Training Device Center, March, 1866, 1-83.

Michels, K. M., Zusne,,L. Metrics of visual form. Psychological Bulletin,
1965, 63, 74-86.

Miller, G.R. Extraexperimental transfer in serial recall. Jouranal of Verbal
Learning and Verbal Behavior, 1963, 2, 494-497.

Miller, R.B. Task and part-task trainers and training. A F, WADD TR 60-
469, June, 1960, 1-89.

Milleg, R.B. Task taxonomy: Science or technology? Ergonomics, 1967,
10, 167-176.

Mohr, D.R. The contribuvtions of activity to sklill learning. Research
Quarterly, 1960, 3_!_, 321-350. . .

Morrill, C.S., Davies, B,L. Target tracking and acquisition in three dimen-
gions using a two-dimensional dipplay surface. Jouvrnal of Applied Psychology, ,')

akl



” - —— B it . 4 R S T O, PO
i e St s SN o~ PR

NAVTRADEVCEN 68-C-0215-1

Muckler, 1*.A., Nygarrd, J.E., OKelly, L.I., and Williams, A.C. Jr.
P.'ychological variables in the design of flight simulators for training.
WAPBC Technical Repert 56-369; Weighi, Patterson A. F. B., 1959,

Mukherjee, B.N, Learaing efficiency in a psychomotor test as a function of
initial skill, Engineering and Industrial Psychology, 1959, 1, 138-142,

Mukherjee, B.N. Application of cenonical correlational analysis {0 learning
data. Psychological Bulletin, 1966, 68, 9-21,

Murdock, B.B. Jr. The retenticn of individual items. Journal of Experimental
Psxchologz, 1961, 6_2_, 618-625,

Murdock, B.B. Jr. Short-term retention of single paired-asscciates. Journal
of Experimental Psychology, 1963, 65, 433-443.

Murdock, B.B. Transfer designs and formulas. Psychological Bulletin,
1957, 84, 313-326.

Murdock, B.B. Jr. The immoadiate retention of unrelated words. Journal
of Experimental Psychology, 1960, 60, 222-234.

Namikas, 4. Motor skill transfer as a function of intertask interval and
pretransfer task difficulty. Journal of Experimental Psychology, 1960, 59,
"109-112. —'

Naylor, J.C. Parameters affecting the relative efficiency of part and whole
training methods: A review of the literature. Tech. Report: NAVTRADEVCEN
950-1, February 18, 1962, 1-34,

Nayler, J.C., Briggs, G.E. Long term retention of learned skills: A review
_of literature. ASD Tech. Report 6I1-330. Ohlo: Wright, Patterson, A.F.B,,
August 1961.

Naylor, J.C., Briggs, G.E. Effects of task complexity and task organization
on the relative efficiency of part and whole training methods. Journal of
Experimental Psychology, March. 1963, 65, 217-224.

Naylor, J.C., Briggs, G.E. Team training effectiveness under various
conditions, Journal of Applied Psychology, August, 1965, 49, 223-229,

Naylor, J.C., Briggs, G.E., Reed, W.G, The effects of task organization,
training time, and retention interval on the retention of skill. AF, AMRL-
TDR 62-107-, Wright-Patterson, September, 1862, 1-20,

Newman, E., Ammons, R.B. AcQuisition and long ter'm retention of a simple
serial perceptual -motor skill. Journal of Experimental Psychology, 1957,
&3, 159-161,

61

Q8



NAVTRADEVCEN 68-C~0215-1

Noble, M., Trumbo, D. Further evidence un secondary task interference
in iracking. Journal of Experimental Psychology, 1967, 73, 146-149.

Norman, D.A. Toward a theory of memory and attention. Psychologzical
Feview, 1968, 175, 522-536. .

Olivier, K., Kausler, D.H. Transfer in the A-B, C-B paradigm as a function
of stimulus class. Psychonomic Science, 1966, 5, 47-48,

(Olton, R. M. The effect of a mnemonic upon the retention of paired-associate
~erbal material, Journal of Verbal Learning and Verbal Rehavior, 1963, 8,
43 -48.

Osgood, C.E., The similarity paradox in human learning: A resolution.
Psychological Review, 1949, 56, 132-143.

Osgood, C.E. Comments on Professor Bousfield's paper. In C.N. Cofer
(Ed.), Verbal Learning and Verbal Behavior, New York: McGraw -Hill, 1981, 81 106

Overing, R.L,, Travers, R.M. Variation in the amount of irrelevant cues
in training and test conditions and the effect upon transfe:. Journal of Educa-
tional Psychology, 1967, 58, 62-68.

Parker, J.F., Jr., Fleishman, E. A, Use of analytica) information concarning
task requirements io increase the effectiveness of skill training. Journal of
Applied Psychology, 1961, 45, 295-30z.

Paivio, A. Mental imagery in assoclative learning and mewnory. Psycho-
logical Review, May, 1969. 76, 241-263. -

Phillips, J. L., Shiffrin, R.M., Atkinson, R.C, Effects o« list length on 1
short-term memory. Journal of Verbal Learning and Verbal Behavior, 1967,
6, 303-311. T

Plutchik, R., Petti, R. Rate of learning on a pursuit rotor task at a constant
work -rest ratlo with varying work and rest periods. Perceptual Motor Skills,
1964, 19, 227-231.

Plutchik, R. Strategies of Research design in psychology. Technical Report:
NAVTRADEVCEN IH-129, August, 1967, 1-21.

Postman, L., The efferts of language habits on the acquisition and retention
of verbal assnciations. Journal of Experimental Psychology, 1962, 64, 7-19.

Postman, L., Transfer of training as a function of experimental puradigm
and degree of first list learning. Journal of Verbal Learning and Verbal
Behavior, 1982, i, 109-118.

Postman, L. Studies of Learning to learn: II: Changes in transfer as a
function of practice. Journal of Verbal Learning and Verbal Behavior, 1954,
3, 437-441, '

Postman, L., Stark, K. Studies of learning to learn: Transfer from serial
to paired associate learning. Journal of Verbal Learning and Verbal
Behavior, 1967, 6, 339-353,

62

67




PO Cmiirone soviar e porere s e e

NAVTRADEVCEN 68-C-0215-1

Paulton, E.C., Freeman, P.R. Unwanted asymmetrical transfer cffects with

balanced experimenial designs. Psychological Bulletin, 1566, 66, 1-8, )
’ Purdy, B.J., Lockhart, A. Rect-ntion and relearning of gross riotor skills

O

after long pev10dy of ro practice. Research Quarterly, 1962, 34, 265-272.

Rachman, 8. Disinhilation ar.d the reminiscense effect in a moto. leaining
task. British Journal of Psycholegy, 1962, 53, 149-157.

Rand, G., Seymour, W. Postural status as a factor in memor y. urnil of
Verbal Learning and Verhal Behavior, 1967, 6, 268-271,

Richardson, A. Mental practice: A review and discussion. PartIi. The
Reegearch Quarterly, January, 1965, 38, 263-273.

R.chardson, J. Implicit verbal chaining as the basis of transfe: in paired
associate learning. Jonurnal of Kxperimental Psychology, 1963. 7C, 109-115,

Ryan, E. D. Effects of gtress on ~votor performance and learning. Fr»search

Quarterly, 1962, 33, 111-119.

Schepers, J. M. A components analysis of a complexz psychomotor learning
task. Psychologia Africana, 1962, 5, 294-329.

Schohan, B. Human factors recommendations for the design of cockpit pro-
cedures trainers. Anierican Inst. for Res, Septemhber, 18568, 1-49.

Schroth, M. L. The function of stimnulus predifferentiation pretraining in
complex problem -~ solving. Psychonomic Science, 1968, 10, 123-124.

Senter, R.J., Hauder, G. Au expeririental study of » mnenionic system.
Psychonotnic Science, 1968, 19, 239-290.

Senter, R.J., USAF Instructi re Juurnal, Retraining for remembering.

Siegel, A.T1., Richlin, M. , Federman. P. A comparative study of "transfer
through generalization" and "trunsfer through identical elements" in tecianical
training. Journal of Applied Psychology, 1960, 44, 27-30.

Singer, R.N. Transfer effects and ultimate success in archery due to degree
of difficulty in in‘tial learning. Research Quarterly, 1966, 37, 532-537,

Sinha, A.K.P., Prasad, M.B. Transfer as a function of the method of first
task learning. Journal of General Psychology, 1962, 66, 311-314,

Smith, K. R., Van Ormer, E.B, Learning theories ard instructional film
xlesearch {rapid mass learning). Technicsl Report SDC 269-7-6, June, 1949,
12.

Steinemann, J.H. An evaluative survey of electronics training in military
and civilian organizations. Navy, NPRA STB 65-11, 1-105. :

Stolorow, M. A taxcnomy of learning sk characteristics. | AMRL-TDR
64-2, Ohlo: Wright, Patterson, A, F.B., January, 1864,

GJ”
68"



NAVTRADEVCEN 68-C-0215-1

Suddon, F.H., Lavery, J.J. The effect of amount of {raining on retention of
a simmple motor skill with 0 and 5 trial delays of knowledge of results.
Canadian Journal oi Psychology, 1962. 16, 312-317.

Swink, J., Trumbo, D., Noble, M. On the length-difficulty relation ia skili
performance. Journal of Experimental Psychologx, 1967, 174, 356-362.

Taylor, Arn B,, lklon, A,.D. Continuity hypothesis and transfer of training
in paired-associate learning. Journal of Experimental Paychology, 1964,
63, 573-5171. :

Thune, L.E. The effect of different types of pfeliminary activities on s‘ub—
sequent learning of paired-associate mateiials, Journal of Experimental
Psychology, 1950, 40, 423-438, o~

Tiechner, W.H., Reilly, R., Sadler, E, Effecis of density on identification
and discrimination in visual symbol perception. Journal of Bxperimentzal

Psychology, 196!, 61, 450-494.

Truwnbo, D., Noble, M., Ulrich, L.. Number of alternalives and sequence
length in acquisition of a step-function tracking tesk. Perceptual and Motor

Skills, 1965, 21, 563-569.

Trumbo, D., Noble, M., Ulrich, L. Verbal coding and display coding in the
-acquisition and retenticn of tracking skill. Journal of Applizd Psychology,
1965, 49, 368-375, )

Trumbo, D., Cioss, K., Noble, M., Ulrich, L. TasV predictabilily in the
organization, acquisition, und retention of tracking skill. Journal «f Experi-
mental Paychology, 1€£5, 70, 252-263.

Tulving, E., Arbuckle, T.Y. Input and output interference in short-term
associative memory. Journal of Experimental Psychology, 1966, 72, 145-150,

Turnige, T.W,, McCullough, T,A, Letter-sequence and 1nit-sequence effects
clh‘ul'inlg‘ learning and retention, Journal of Experimental Psychology, 1968, 76,
-118, A2 2

Uaderwood. B.J. Associative tranafer in verbal learning as a function of
response similarity and degree of first list learnings. Northwestern University,
Journal of Experimental Psychology, » 3¢, 43-53.

Underwood, B8.J.,Schultz, R, W. Meaningfulness and verbal learning,
Philadelphia: Lippincott, 1960,

Uhr, L. Pattern recognition computers as models for form perception.
Psychological Bulletin, 1963, 60, 40-73.

Vanderplas, J. M. Transfer of training and its relation to perceptual learning
and recognition, Psychological Review, 1958, 6§56, 375-385,

64

69




O

NAVTRADEVCEN 68-C-0215-1

Vanderplas, J. M., Garvin, E.A. Compiexity, association value, and prac-
tice as Tactors in shape recognition foliowing paired -associates training.
Journal of Experimental Psychology, 1859, 57, 155-163.

Vanderplas, J.M,, Garvin, &, A. The association value of random shapes.
Journal of Experimental Psy<hclogy, 1959, B7, 147-154.

Vanderplas, J. M. Associative processer and task relations in perceptual
learning. Perccptual and Motor Skills, 1965, 16, 501-509.

Vanderplas, J. M., Sanderson, W.A., Vanderplas, J.N. Scme task-retated
determinants of trangfer in perceptual learning. Perceptual and Motor Skills,
1964, 18, 71-80,

Vanderplas, J. M., Sanderscn, W.A., Vanderpias, J.N. Statistical and
associational characteristics at 1100 random shapes. Perceptual and Motor
Skills, 1965, 21, 4-14.

Van Dusen, F,, Schlosberg, H., Further study of the retention of verbal and
motor skills. Ketention of Verbal and Motor Skills, August, 1948, 38,
526 -534.

‘Waring, G. Rationale for forced choice performance report. I’sycho-

Weiner, B. Role of success wid failurr in the learning of easv and complex
tasks. Journal of Personality and Social Psychoiogy, 1966, 3, 339-344.

Weine~, E. L. Transfer of training from one monitoring task to another.
Ergoncmics, 167, 10, 649-658,

Weingartner, H. Associative structure and serial learning. Journal of
Verhsl Leacning and Verbal Behavior, 1963, 2, 476-479.

Weitz, J. Criteria and transfer of training. Psychologica. Reports, 1366,
18, 185-210,

Wickens, 0.D., Born. D.G., Allen, C.K. Proactive inhibition and item
similarity n short-term memery. Journal of Verbal Learning and Verbal
Behavior, 1963, 2, 440-415.

Williams, A.C., Briggs, G.E. On target versus off-target information and
w12 acquisition of tracking s'ill. Journal of Experimeni'! Paychology, 1962,
€4, §19-525.

Williges, R.C., Johnston, W.A,, Briggs, G.E, Role of verbal communica-
tion in teamwork. Journal of £pplied Psycholugy, 19866, b4, 473-478,

Willis, M.P., Peterson, R.O. Deriving training device implications from
learning theory principles. Vol. I.: Guidelines for training device des}
development and uce. Technical Report: NAVTR KD'EVCEI@ T63-T, IQBL ‘
1-81.

85

B9



NAVTRADEVCEN 65-C-0215-1

Willis, M.P., Peterson, R.O. Deriving training device implications from

learning theory principles: Vol II: Methodology. Technical Report:
NAVTRADEVCEN 784-2, 1861, 1-22,

Winnick, W.A. u=Zffect of instructional set aud amount of first learning on
negalive tranefer, Journal of Experimental psychology, 1966, 71, 93(-9y23,

Wittrock, M.C. Three conceptual approaches to research. In R, M. Gagne’
and W.J. Gephart (Eda, ; Learning regearch and school subjects, liasco,
IMlfnois: Peacock. 1968. - :

Woodworth, R.S., Schlosberg, H, Expei'imental Psychology. New York:
Henry Holt. ‘ -

* . Uses of task analyses in deriving trafning and training
equipment requirements. AF WAPD TR 40893, December, 1960, 1-60.

«

"Note: Authors unknown.

66




NAVTRADEVCEN 68-C~0215-1

APPENDI. B
L, R, AND T TECHNICAL MEETINGS REPORT

The couplete report of the L, 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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3 APPENDIX C
k 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 procisses. To accomplish this aim, a long-term
research program will be regquired. During the course of this resea:ch,
experiments wil: be conducted which deal with a number of taxcnomic cate-
avries of human behavior. Variations in type of task will require apparatus
which presents stimuli simu'ating those encountered in nigh-priority Naval
jobs. Likewise, a capability for measuring « ratier wide variety of responses
will be required. This suggests that apparatus requirements will very likely
chauge 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. 1t 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 nzed for major modifications in experimental facilities. As an
"examnple, consider the problem of conducting iwo concurrent experiments
which differ only in terms of the sensory modality used for the presentation of
stimuli. If the first investigation required visuai presentation and the second

U 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 involwed a
closed-loop system) to accommodate the change in mode of stimutus presen-
tation. Of course, if the method of responding also differed between these
two experiments, ever more work would bc required to prepare for the second
investigation.

The development of a generalized L, R, and T experimental facility would
miniraize 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 docum=nts the approach taken in defiring a recommended facility.
Further, the analysis of various ‘:xperimental requirements are detailed,
alternative concepts and their asszociated specifications are suggested, trade-
off considerations are discussed, and recommendations for equipment selec-
tion are provided.

* Prepared for Moneywell Syatems and Research Divisior by Terry J. Wong
and Manuel E. Quintana of the Honeywell Marine Systems Center/California.
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DEVELOPMENT OF BASIC REQUIREMENTS

A myriaa of techniques and devices are used in the experimental study of
human behavior and, more specifically, the investigation of L, R, and T.

The basic problem is to determine the essential experimental equipment
features that are common denominators an to incorporate these as requive-
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-priorit; Naval Tasks.

Such an approach generally follows that of Parker and Downs {1961) and Miller
(196{}. 1In all cases, the selection of effective training apparatus involves
matching apparatus characteristics to the human performance studied. The
apparitus selected must be the best suiteu for training subj.cts and measuring
responses in the specific performances required for study. It is also obvious
that,” in the gelection of cendidate training devices, the kinds of human per-
formr ance required by military systems must be evaluated.

Assessment of the Basic Experimental Paradigm

The basic paradigm in any psychological experiment involves a stimulus and
the response to that stimulu:s. To attain scientific status, the stimulus and
response variables must necessarily be defined in some measurable quanti -
tative terms so that a meaningful relationship between the two can be deter-
mined. In addition, the time element involved in the entire stimulus and
response seqience 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, tcuch, equilibrium, kiresthesis,
pain, temporal and temperature. In the typical L, R, and T situation, most
of these senses do nct play a dominant role; only three - vision, audition, and
touch - are used extensively.

Almoat any of man's rnotor 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 receglor .f a specific stimulus. For
higher -order response chaing such as normally encountered in an L, R, and
T situation, this statement is particularly true. The meaning of the motor
behavior (i.e., response) is arrived at by mutual agreement between the
observer and the subject or else i8 conventional for the task under considera-
tion. The rasponse must be capable of being recorded and measured by the
observer. Practical considerations in theoretical studies, and existing con-
ditions in actual operations, dictate that the fingers, hands, arms and the oral/
verbal channels be th» mosat often used. :
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A similar argument could be presented for the use of "convenient" (and nor-
mallv used) receptor channels. To study the underlying processes of L, R,
' and T, esoteric stimuli are neither required nor necessary.

A tentative conclusion is that, in the design of # multipurpose device for the
pragmatic study of L, R, and T, the stimulus presentation should concentrate
on the visual, tactual and auditory senses. 'The rzsponse modes mnay safely
be limited to oral cormmunication and action by the upper extremities.

Analysis of Equipment aind 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, abrief survey was
made of the relevant psychulogical literature. Two publications were chosen
for sampling, The Jou: nal of Experimental Psychology and Human Factors.
The former Served to represent "pure” research and the latter "applicd”
research in the area. Issues circa 1957-1959 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 modes, 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 sampting, 97 percent of the experiments used the visual and
auditory chaniels for introducing the stimulus; the remaining 3 percznt used
the tactile sense. Ior 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 t:; voice. All subjects werez seated.

The overwhelming preponderance of investigations used visual and auditory
modes with verbal and arm/hand responses. This seeras consistent with
what one finds in real-world tasks. Thus, it iz 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
plece 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 basic 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




S I T P o e VS ST B M € T TR 8 e

NAV'TRADEVCEN 68+C-0215-1

Table C1. Summary of Response Modeg

Ty
Frequency [ Response Mode Description ‘)
45 5 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)
Physiological Galvanic skin response, electroencepha-
measures logram, eleciroretinogram, etc.
1 Multiple Observed by experimenter for multiple
responses
Table C2. Suminary of Stimulus Modes and Prime Apparatus
Frequency Stimulus Mode Prime Apparatus/Content
24 ' Visual Slide, movie projector
i3 Visual Stimulus card (3X5, 4X6, 8X10)
10 Visuai Memory drum
6 Visual Light panel bank
4 Visual Word list
4 Visual Booklet .
3 Visual Tachistoscope “)
1 Visual 30-inch stimulus wheel -7
1 Visual Dial of ammeter
12 Audio Sound generator {osciilator, buzzer)
11 Audio 'Tape recorder
1 Audio Verbal {oral) presentation
. 1 Audio/Visual Photograph, strobelight, sound tape
1 Audio/Visual 1EE readout, computer, type keys
1 Audio/Vigual Bina Vu display, punch tape
1 Audio/Visual Buzzer, light bank, siylus, pacer
1 Audio/Visual Oscilloscope, teaching miachine
1 Audio/Visual Slide projector, polygraph, switch bank
1. Audio/Visual Oscilloscope, light bank, switch bank
1 Tactile Rectigraph, dermohmeter, electrode
1 Tactile Finger vibrator '
1 Tactile Electrode .

NOTE: With very few -exce'ptiona, instructions to subjects were given
ve‘rbally. and subjepts were 8eated during the experiment, v
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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
excepticn 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 visuzl signals; i.e.,
waveform characteristics.

A directory iisting 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 n1sel 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 are 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 gcheme {e.g., Willis
and Peterson, 1961; Cinsberg, 1966; Fleichman, 1569).

Analysis of System Requirements for Operational Use

In additicn to stiinulus and response requirements, various operational con-
siderations are also important in the design of a test-trainer device. One
congideration is the number of subjects run per experimental session. Studies
in which subjacts 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 te concentrate on one subject

at a time. Thus, s 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 the 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 desirsble to preclude undue influence on the subjects by the
presence of the experiraenter o, the control devices.

Another consideration i8 the physical and sensory differences among individual
subjects. Provision for varying the intensity of stimuli input should be included.
The design of the device should consider anthropometric variation. e.g., dif-
ferences in vicwing height relative to level of the subject's eyes, seating and

the dimensions of the working surfuce.
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Table C3.

List of Devices Used by the Behavioral Scientist

Audio/visual, record player
Audivmeters

Automated Instructional Systems
Card punches

Card readers

Cathode ray tube

Character recognition equipment
Circuit board, connector, modules
Commutators, switching
Coamputer, general, digital, analog
Computer {ypewriter and keyboérds
Connectors

Converters, analog/digital,
digital/analog

Converters (magnetic or paper),
tape-to-tape, card-to-tape,
tape-to-~card

Counters, decoder, readout, stepping
Curve tracers

Data togsrers, terminal

Earphones and headsets

Electrodes

Electroluminescence

Encoders, keyboard

Eye inovement monitors

Film reels

Filters andlenses, ontical
Frequency counters, Discriminator
Galvenic skin responses (13SR)
Kegyboard encoders, input

Memory drum

Microphones

Motors, servo, stepping, synchronous
Multiplexers, analeg, digital
Noise generators (oscillator)
Oscillographs

Oscilloscopes

Paper, chart {all types)

Paper tape, punches, reader
Photoelectric devices

Plotters

Projeciors, film and/or slide
Readers, photoelectric, tape, card
Readout indicators and displays
Recorders, chart, event
Relays

Signal averaging

Slope reader

B3ound equipment

Stop watches

Switches (all kinds)
Tachistoscopes

Tape recorders, audio, video
Teaching devices, automated
Televiaion, closed-circuit
Timers (all kinds)

Trécking equipment
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Contro) over 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 tlie subjects, the presence or zbsence
of feedback to the subject and the recording of responses from the subjec!s.
Provigic~s 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 expetrimental
equipment for future needs. Therefore, a modular concept ig a necessity.
Ideslly, a defective subsystem should not disable the entire device. In case
of failure, the replacement of & module shovld 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 tagks involve recall, identification, recognition,
detection, decision makirg, and serial and continuous movement behaviors.
Stimuli for all of *hese tasks can be presented through the visual and auditory
chainels and responded to by the upper extremities and oral communication,
This task list provided another source of data used in the establishment of
device design requirements.

Summary

This subsection has presented the major psychological considersations con-
cerning the design of apparatur to be used in the study of L, R, and T. Certain
of these considerations conce:  the basic expe’-imental model while others.
deal with the type of behavior to be gtudied using the device. The important
questions to be answered in the design of an effective device are:

e Is the equipment appropriate to the tesks for which it
will be uged?
e Is the equipment easily maintained?

e Does the equipment present stimuli in a sufficient number
of modes?

e Can the subject respond to these stimuli in a rapid and
economical manner?

® Does the equipment accurately measure the subject's
response?

¢ Is guldance provided which will direct a trainee toward
correct responseg?

e Ia there a prevision for reinforcing the trainee for correct
responses and succesaful performance?

e Can the equipment be easily modified to accommodate
growth requirements?

(4

%9



NAVTRADEVCEN 68-C-0215-1

Table C'4. Priority of Naval Tasks

Tasks {in runk order)

Relation to Navy Jobs

Recalling facts,
prin-iples,
procedures

Recogrition/identification-~
nonverb-l cues

Detection--nonverbal cues

Using principles,
interpreting, inferring

Decision tnaking--alternatives
known

Decision making --alteraatives
unspecified or alternatives
unknown

Static reaction or continuous
movement

Serial movement

Detection identification--
verbal cues

Positioning movement

Repetitive movement

Written verbatization
Oral verbalization

Other verbalization

Procedure following--Critical to all maintenance
joba and the majority of operational jobs (e.g.,
aircraft pilot, damage contruiman, gignalman,
technicians).

Pattern recognition--Includes scope interpreta-
tion (radar and sonar overators} and maintenance
jobs {recogniticn of e¢, ipment faulis).

Vigilance --Detection of targe!s or. radar and sonar
displays and detection of equip ment matfunctions
by operators and maintenance personnel.

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

Diagnosis of complex system malfunctions common
to virtually all critical operational jobs.

Threat cvaluation and weapon assignment (command
decisiong)--alsc 1lavs a less frequent part in com~
plex syster mali ‘~r ‘iagnosis.

Gunnery -~Maintaim Jer sight-target relation-
ship and maintenanc. <1ding and toldering
tracing tasks (e.g., ship steering and aircraft
piloting).

Typiog, telegraphy, equipment checkout {e.g.,
yeoman signalman, electronics mainterance jobs).

Monitoring communications equipmeri (e.g., signal-
man, aircraft pilot). Identifying verbal stimuli or
cues {e.g., codes, diagrams, gymbol3, etc).included
in operatioral jcbs (e. g., ECM, signalman, machine
accountant etc.} and maintenance jobs (reading
schematics).

Operating controls and materizl handling (common to
most equipment operation and maintenance jobs).

Common to jobs requiring manual skills {e.g., car-
ntry and metal work) and maintenance of equipmant
using toola).

Maintaining logs (quartermaster, piict), wriilng
instructions{miscellaneous officer s jobs)

Verbal communications {pilot, radiomen),giving
ordere (all officers)

Use of hand signals and conventionalized signals (e.g.,
signalman snd avistion boatswains mates)

O

ERIC

Aruitoxt provided by Eic:
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DESIGN AND OPERATIONAL FUNCTIONAL SPECIFICATIONS

Based .n the foregoing raquirements 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
becausc the function:! allocations are more ama2nable to ingenious and imagina-
tive manipulation than is hardware cnce 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 capabilities for future requirements.

Visual Stimulus--The device shall be capable of presenting both still and
dynamic visual images. Desirable featuresn 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
- 10 feet; remote focus 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 a2ad
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.

e CRT--Color and black and white: sufficient screen size for
viewing by subject(s) 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 vy sound generators, tape recorders, and loudspeakers and head-
phones. Specifically, these necessary device features are:

e Tape Recorder-~~Large tape-reel capaci?' (minimum 7-inch
diameter); a minimum of 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 + 8 db at
3-3/4 ips; possible synchronism with visual presentation;
and digital taye counter.

(K
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e Amplifie.. -~ Two channels with 25 watts per channel; 20 Hz
to 20 kHz £ 2 db are desirable; volume and loudness control;
balance contiol; equilization control. ‘The capability for two-
channel inputs would permit study of voice communication
and pattern recogaition (see Rappaport, 1957, 1962, 1963;
Giarretto, 1968). o

® 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.

e Headphones -- Stereo type with full fidelity range, 35 iz to
15 kHzat ¥ 5 db.

Response Fuactions

The subject(s) should be provided with the manual response function capabili-
ties found in a keyboard (or teletype) and/or a pushbutton array, a2 wr. ting

,surface (e.g., tablet) and a joystick. A meuns of oral message transmission
must also be available. Necessary devices are: .

. }_(_e;board_ -- Keys capable of {ranrmitiing numbers, letters
and rigns {o form woyrds or phrases.

e Pusghbutton Array -- A bank of pushbuttons, variablz in number,
Sapable of presenting some (coded) message from onec medium
to another. ~ : :

¢ Tablet -- A flat surface allowing individuals to inscribe writings,
drawlings, or other graphics.

e Joystick -- A single-stick device permitting cureor control
along all pcints of a surface.

e Microphone -~ Either a desk- or headset-type for oral
communication.

Con‘rol F‘unctlonsA

The exnerimenter’s control over the processes and events of the experiment
should be coriplete 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

18
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and response, from the onset to the termination of ti-e experiment. Presen-
tation may be serial (continuous or intermitt.nt) or random; repeat will he
possible. The response of the subject to the s iraulus shouid be readily
recorded. ‘ .

Controlling operations should be programmed and executable by either » inual
or automated means. Provisions should be made to cermit pacing by t'.e
subject(s}, the experimenter, or an interaciion of these persons. The observer
should have, at his selection, coraplete knowledge of the subject's behavior;

the observer may or may not allow task fcedback to the 3ubjecths) by means

of the visual or audio channels.

Design Featurex

The equipment items of the testing and training device shou.d be designed
using a modular concept as a guideline. The stimulus, respornse and control
equipnient should be separate unita capable of being moved independently of
one another. Within each of these units shouid be provision and space lor
future additions and modification. Removzal and repair should be easily
accomplished. Malfunctions in the mc3ulzse should be easily ideniified and
isolated and should not complétely disable the device. Interconnec.ions,
wiring and hookups between modules and units should ne flexible and easily
achieved. .

The device design should consider individual differences in various sensory
and anthropcmorphic attributes. Controla for varying the i..itensity of various
stirmuli should be provided. The size and dimensiona ¢ the device should
accomodate subjects of differer.t physical characteristics. The design should
assume that the subject is normally in a seated position.

SPECIFIC DESIGN CONCEF'Ts

Using the dspecifications developed, this subscction detaile the two most
salient concepis considered feasible for the job testing and training device.

Colcept A - Automated S&tém

Concept A is characterized Ly automation and the simplicity of the stimuius
and response equipment/units. Figurea C1, C2, and C3 illustrate the con-
cept. S IR

All visual stimull can be presented on a single C'f. This i8 a practicality
based on the fact that the CRT can gervc all the visval presentation functiors -
2numerated in the preceding section. Audio stimu'i are presentad through
loudspeakerg ¢+ headphones. )

All manusl responses are made via a Rand Tablet, or its equivalent, while
the orat (verbal) responses are made through a microphone.

79 .

| &




NAVTRADEVCEN 68-C-0215-1
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At the heart of the dusign 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 znd response
recordings are executed by the computer complex. In this manner, all systems
components are interwoven and controlled from a single source. All stirrulus
items (i.e., various sounds, spoken words, written words, all forins of draw-
ing, cketches and numbers) are programmed and are called up by the com-
puter and presented through the CRT and the speakers {or earphones). The
sut'ject's responses, in turn, are directed back to the computer for recording
and 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 by the observer via a selection key~
board control.

The details of the functions of the 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. Thig 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 (sce Figure C2).
Depending on the scurce 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 1010A is an
example in current production and widely used. It meacures 10-1/4 by

10-1/4 inches; thus with 100-point resolutions rer inch it produces 1024 x 1024
(or 1,046.578) possible points of coded information. In some applications alt
of tHese points can be coded and used. However, for many L, R, and T
applications luwer resolution could be tolerated. When data demands were
light, the allocation of 1/2-,3/4~.or' 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, & 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 programmad manner, regardless of whether the signal is
coming from a simulator or from the '"real" thing. As a result, tue Rand
Tablet is a highly versatile tool.

The use of transparent plastic overlays further increases the tablet's | axi-
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 designed program, the area belov the overlay can be coded to repre-
sent some specific sign, letter, or number. By touching a specific coded
area - ‘th 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 aralysis).

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

Some of the present uses of the Rand Tablet include: editing text, composing
formats, gen=zrating forms, designing, sketching and routine digitizing. Hand-
writing analysis, pcttern analysis, tracking, and "3-D" dynamic analysis,

are also possible applicetions.

“In addition to the visual stimulus and response features mentioned above,

concept A also provides for auditory stimuli and r_sponses. Auditory stimuli
are produced hy a tape recorder and introduced to the :.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 tablie; the inicrophone 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 poasibilities for uze other than
experimentation on L, R, and T. Using remote linkages, psychological
experiments {nvolving the participation of other laboratories are distinct
possibflities. It is quite conce’vable thut an experiment might be conducted
with the simultaneous participation of principals which are geographically
sevarated. In this situation, *he 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.

83

87

vt



NAVTRADEVCEN 68-C-G215-1

Concept B - Computer Aided System

1)

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 3timulus and recording
the response. Figures C4, C5 and C6 illustrate this concept.

The basic functions described in Concept A are retainea, 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 presentaticn surface. The rationale for this is given on page 99.

Tratead 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-
controllirg functions are still centralized, but the observer is the prime con-
troller and mcnitor of the stimulus events. He is aided by the computer in
certain 8elected functions.

Unlike Concept A, an claborate control console exists whereby the observer

.8elects and generates stimulus jnputs to the subject. This console has such

modules as a keyboard, a microphene, 2 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 C86), )

The atimulus presentation mechanisms are housed in three separate bays, one
cach 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 inio 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 responses would require using the key-
board; a multiple-choice situation could use the pushbutton array; and in a
trackxng situation the subject would use the Joystick. Thesz 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 Cé. .

(1) Clock' Gives real time status to the cbserver.

(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. 0
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(4) Slide projectiun control module. The subcomponents of
this module are: )

‘ (a) Time Controls -- Thumbwheels are used to enter the
length of time, in seconde, for selected stimuli to be
presented as well as the time between presentations.

Time interval is selectable between 00. t and 99. 9 seconds.

(b) Focus -- The sharpness of the images on the screén can be
remotely adjusted. Teedback as to proper focus is obtained
by verbal exchange wita the subject viewing the image.

(¢} 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 sequénce of
glides 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 & moving
picture image on a screen. Proper focus is knowr from
feedback given by subject.

N

(b) Speed-fps -- Uscd 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. Cen
be used to select given portions of filin by denoting fcotage
position,

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

(7) Option: Spaces to allow any coatrol addition, e.g., inclusion of
a Ruaad Tablet for graphic :..; 1ts8 by the subject.

(8) Console Control. Located near the center of the console and allows
observer to select controls required for vperating the system.
‘These are;

(a) On-Off -~ Activates and deactivates the entire system, i.e.,
- . the control congole, all computer equipment, subject's
consgole, etc. S
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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-lire input/
output operctioas. ’ . :

{9) Alphanumeric Keyboard: Used to ei.ter text material and data to
CRT or the computer. Allows program modification and interchznge
with &' 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 muemory, editing,
and relocating inputs.

Other Concepts

Concepts A and I represent the extreme and the middle of a zontinuum,

from full automation to compietely manual operations., Variations of these
two concepis arsz, 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 ouly the CRT for stimulus presentation.

An additional concept would be one of completc manuhl 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 riechanical aids {and cost).

It i3 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 kiiuds of tasks performed by the operators of Naval systems.

Only simple experiments could be run because the observer would become
increasingly overloaded as task complexiiy increased. Also, without a
computer, equipment requirements would change with succ>cding investigations,
since such changee could not be accormodated by software modification.
Finally, it would be virtually impussible to conduct multiple-subject studies.

EQUIPMENT AVAILABILITY AND COST
There are two ways to bring the design concepts into reality. One is to
fnitiate sn R&D program to custom design and build all the necessary aquip-

ment. A preferable alternative is to search the market for off-the-shelf
equipment and integrate these items, as inodules, 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-
ﬁ raents 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 cperability

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 ana related
equipment, the slide and movie projector, the Rand 7'ablet, the keykoard, -
the joystick, and certain sound equipment items are discussed along with
some computer softyzare considerations,

The CRT and Related Equipment

Two types of CRT displays can fulfill the device requirements. These are
the raster (apot scanning) aud the stroke (controlled motion) methods of
display generetion. :

In general, for display information generation by coraputer, the picture
resolution of rasters is not agrhigh as that of tke stroke. The former is

- used where the static background is very complex and is slowly but con-
tinuously updated. In addition the raster CRT display requires more soft-
ware support than the stpoke method.

O The raster-type generated CR'T color pr2sentation 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 minimun
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 memecery system would cost $78, 0CO0.

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 ie because the gtrokc method requires, in gerercl, fewei programmed
points to generate a given picture.

A typical stroke system capable of aiphanuineric CRT display may be
cotained from Information Displays, Incorporated. This system is capatle
of displaying a full-page format of text as well as randoinly positioned vec- |
tor and alphanumeric gymtnls, Up to 630 alphanumerics or special symbols
with a chofce of 64 different characters can be displaysd on one CRT. 7Text
entry can be made via keyboard or by computer program, with spacing line
advance, carriage re‘.rn, etc., capability. The CRT display will {nterface
with any type computer as well as with any type of digital system. The
equipment is entirely solid-state, This af hanumeric CRT display system
is available for $40, 000 to $80, 000 depending on the options chosen.”




NAVTRADEVCEN 63-C-0215-1

An alternate stroke CKT 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 Liinited. The display console
presents stored information sent from a computer located at a remote site,
The information is transmiited 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 iines of 20 characters
of 3/3-inch dimension with at least a 30 percent adjustabiiiiy in character
height, Frice withcut interface is about $ 32, 000, -

As creviously stated, visual presentatior. 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
his case, two CRT's are involved -~ the CRT viewed by the subject and the
fR'T generating the images., The former is a monitor (raster) type with Ligh
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 Le
used, ! ,

Equipment for synching the CRT display rate and the moving-picture frame
rate with the rcan rate of the TV camera would also be required, especially
with the varizble 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 picti'res 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 strcke methods for generating symbols
can be more efficiently” used in a display mode where the display information
ig not too complex (e.g., a topographical display) for a background,

A black~and-vshite rear~projection CRT, in either 7- or 19-inch diameter,
may be obtained from Sylvania for $1600 or $2500 respectively. A four-color
18-inch CRT may be obtained on special order for $50,000, Other rear-
projection black and white CRT's are avallable from Westinghouse. A two-
rear-window 10-3/4-inch dlameter CRT costs approximately $2,G00, a
single~window 7-inch model costs $800. A CRT diameter of 18~inches or
larger is probably desirable for L, R, and T usage {Neal, 1968),

For rear projection. on @ CRT or oﬁ a regular screen, slide and movie pro-
jector equipm.ent is required, ' . ,
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Slide Projector

There are numerous slide projectors on the market that use an efficient
rotary magazine, ‘i'wo satisfactory types are random=-access models manu~
factured by Kodak and Hoppman Corporation, These instruments can be
prlaced over a Carousel roiary irey with no modification or special 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 g1596 to $2422, depending on lens and elide options
choesen, e : '

Mé‘:ie Prbjector .

A movie projector that meets device requirements is thn Bell and Howell
No, 55%. This unit can be remotely operated for focus, rate, on-off, and
forward «id reverse, It can automatically load film and has a large reel
capacity, The cost of the projector is $770,

€lide and Movie Projector Integration

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

Cost of the CPS 48 with the Bell and Howell No, 552, Kodak £V 900 and
special lens is $,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 $400 for either 2 x 2 or 3-1/4 x 4-inch slides

or $440 for a combination of these two sizes, The sound synchronizer is an
additional $475, ) ' : '

The Hoppman proj¢ 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 uaing a regular
screen, The computer-operated CRT can be uged as a direct interface with
a subject, or it can pro\!ide images to a CRT monitor via a TV camera,

S
I A
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The Rand Tablet

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

Keyboard

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

Joys ti_g_)i

The joystick can ke used to coatrol 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 cau be obtained from Measurement Systems, Incorporated, with
prices starting at $1,000. Pulse output circuits for use with digital-controlied
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 u 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:

' . Loudgpeakers - Many speaker systems arve available on
the markel 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 acceptabie models, The AR-3 is recommended

and costs about $225, o .

e Headphones = As wpi‘th loudspeaker systems, there are many
' th-quam’ir headphones on the market that meet design require-
ments, Most of the headphones costing over $25 from reputable
makers such as Koss, Telex and Superex are acceptable,
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e Amplifier -- Stereo amplifiers with 25 watts, or more,
peir channel are desirable for driving ihe acoustic-sus~
pension-type speakers or for use with multiple speakers,
Acceptable amplifiera for the device ar: Sherwood S3500BS
at $190, Scott 299F at $180, or the AR 120 at $225,

™ Tape Deck ~=- The tape deck can be usea with the pre-amp
fea%ﬁres of the above amplifiers. The versatile, three-
speed models such as the Sony 580-D at $30) or the Ampex
1450, also at $300, arz acccptable,

Other Items

Two-way telephone communications between subject and ubserver can be
provided by an intercom system. The oLserver should be able to communi-
cate with as many as 30 subjects simultaneougly 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 hig subject's physical reactions by employing an inex-
pensive closed-circvit television system. Since nxcept’anal TV picture
resolution ig not needed, a commerecial black and white [V 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 selis
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 exzenditure,

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

TRADEOFF CONSIDERATIONS

This subsertion 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 atiributes which make it
Eﬁf‘acave. These are: a high degree of experimental control; ease of
cperation; and flexibility of use. These attributes will be discussed in detail,

Tke positive features of Concept A are:
93
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. Experimental Control -- The experimenter has a superirr
arrangzrent in ferras of equipment and the running of his
studies, By careful planning and programming, all rele-
vant variables affecting stimulue 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 achizved with
other approaches,

An experiment that is completely programmed and computer
executed provides a constant, invariable condition to all
subjects, This minimizes, ¥ not eliminates, many extran-
eous and undesirable influences which are usually present,
The huraan 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 subjscts, Subtle personal interaction between
experimenter and subject can easily affect the outcome of an
experiment, :

e Ease of Qperation -- Concept A minimizes the task loading on
fhe 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 bu concerned with mechanical operations,

) Flexibility cf 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 i.s desired:

e 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 programn.ing varies from
ab0ut%350 (for programmer technician) to about $1500 (for
consultant} per 40 hours of work. A complex program can
take months to complete and tnvolve many people,

o Difficulty of Software Support -- A basic rule of thumb is that
- the more complex the experIment or the less structured the
. response condftions, the more software or programming

I
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required, Concept A is almost totally desendent on high
quality programming, Without it, the system will not work,

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 programii.ed time clock or the
intervention of a real-t/me 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 towhether 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
functionsg, Thus, the programming requirement for response
recording is complicated, Tnis 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 rea}ized.

Reliability -- The fact that only = 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. KEven the highly reliable modern electro-
meckanical components do fail at times. This can be a seri-
ous problem if there i8 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:

Erogramminﬁ -~ One of the prime advantages of Concept B is that
it 18 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.’ ' ’

Cost -- The equipment in Concept B would be less expensive
than for Concept A. There are fewer items (e.g., the closud -

circuit TV syastem for stimulus presentation would be elimin-
ated), and the items that are used are less sophisticated. The
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amount and complexity of software is not as great. The
reduction in costs -- from the standpoint of tirne and effort ~-
would be rigaificant.

e  Reliability -- The fact that multiple stir~ulus and response
equizment are used offers alternatives to the observer who
is controlling the experiment. If one module fails there are
still others available for use.

The primary disadvantage of Concept B is that th2 execution of experiments
would not have the degree of precision found with complete programming and
automation. Neither would it have the consiency of experimental conditions
from one subject to another. The frailties of the human observer might possi-
bly en'er into the experiment.

Other Considerations

The above are the major advantages and disadvantages of Concepts A and B.
To a larga 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 voncepts 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
?ai:d Toa)blet with only the essgential interface equipment ($35, 000 versus

. 921, 000). ’ : ‘ ’ '

Yet these prices alone do not tell the {ull 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 bagic, essential mechan-
iams 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 wouid be to purchase the off~the -ghelf
items and build them into an operating system. In this case, additional
money would be needeq 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, pérforming the necessary research and
development, designing the equipment, and building the designed equipment.

¥ [ U I . SO
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It is difficult to estimate the cost for this second appioach, but it would be
much higher than the first. ' . o .

Implicit in the operation of either system A or B is the computer and i{s
necessary peripheral equipment. The computer system would, of course,
not be a cost factor if this were already available. To acquire the basic
systeri, however, even with a relatively slow speed and small memory capa-~
city, the coct wouid be about $30,000. The Honeywell 316, with a speed of
3.0 microseconds 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 microsecand 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
coBt more than the hardware. Good programming requires long hours of
carefu! planning, znalysis, writing and debugging. . The greater the degiree

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 RECOMMENDA TION

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

It is apparent that, to substantialiy 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 maaual 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
procurenient and operating cost. Opeiations of the device would not be totally
dependent on ""perfect"' programming, for a human operator can back up the
computer when necessary. Lo :

In Concept B, the two-bay methc;d of pi'esenting visuai 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 3oon as possible.
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Components for this system are listed in Table CE. Also included are cost
figures, part numbers and the supplier's name. The cost of integrating ajl
these componenta into a specific system was not estimagedi.

1
i
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'

xl"i; Description Partio [ g | vaee } ot Totat Cost et Supptier o c"l:::‘m
1 QE;:""“ Color CRT [ 3400 316 1 ' ' 123,400, 00 {}g'«” Flaber-Akin Co ReQ | 6921
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51 Master letercome urennx 1 1 ] Y] AUted | )
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M Lewr ’ LIrste ! 1 ' g8 1us.04 Allted | oy
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T

/"~ . APPENDIX D
" TASK ANALYSIS FOR IDEAL SYSTEM OPERATION

e H
o

e A tagk analysis was performed which served as the basis for aspecifying the -
ateps involved in ideal operation of the communication system. This analysis
is diagrammed on the oll_oyving pages.
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SRS T A - APPENDIX E '
R MANUAL OF INSTRUC’I’IONS EXPERIME’\YTI ‘

DL I S S Vit _1‘4:-" 58 SR

INTRODUCTION

T T SR G SN A S e

TlLs exoeriment is the firs¢ in a series of studies mvest1gatmg ways to
improve traimng of complex-system operators. ‘ : ‘

You will be asked to learn to operate a communications system similar in
sor- = ways to that used in worldwide communication networks. Your task,
as an operator, ‘'will be to man the Commumcatlons Control Console (CCCQC),
which is the hub of the commumcatmns system. S

O The kpurpOSe of the communications system is to enable a roup 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 r\rovnde signal boosting or amphflcation.
In other woi~ds, all messages from one subscriber to another must pass
through the CCC.’ When the CCC is involved only for amplification, the =
communicatlon routine will be referred to as SUBSCRIBER to SUBSCRIBER

T (S-8), " EHE sarT Eavr e s LR TR

T S S L SALS N I T D EEIR PRSI RITTRSEE PA RSP SIS Y

However, not all transmissions can be made in such a simple manner.
Because there are variahons in the type of radio eqmpment {frequency) used

by the subscrlbers. it is not always possxble for one subscriber to receive
messages from another's transm:tter. In these cases it is mandatory that

the originator of the message send it to the CCC on the origlnating subscriber 8

mocF gy b bl N SR AT TS SYRPRT IS SENPION ARSI A
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frequency. It must then be transmitted from the CCC to the receiving sub-
gcriber, on the latter's frequency. This process occurs in two disarete
steps; i.e., Sender to CCC and CCC to_Recei'ver. This more complex form
of communication wisl be referred to as SUBSCRIBER to TERMINAL to
SUBSCRIBER (S-T-8). '

In addition to frequency disparity, there are gsometimes cases where two

communicating Subscribers employ different languages. When instances of
language disparity occur it is also ne‘cessary to employ the S-T-S mode of -
“operation, The identical 8-T-S routiné is used to overcome both language’
 and frequency disparitieas. In fact, it is sometimes the case that both types
of disparity are present. Remember, the important thing is that processing
of the me.ssa‘ge‘_at. the C_CC_is_necessery before it can be relayed to the
re‘g‘exiver. 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 thif;l xﬁoc_le 6[_1' ‘op-era_tion is sometimes used. This mode i8 nec s ;ry be-
cause there is only a limited number of channels on which subscribers can
receive messages. Wkhen a subscriber requests that he communicate with
g.‘nother: subscriber, through the CCC, and all channels usable by the
feceiving subsn.riber are occﬁ'pied the console operator muat determine
rep}ly gegupying u‘svelgle_. cha_nnels._ When the incoming message ig of }ugher
priority, one of the channels _niust be opened. This requires that the operator
interrupt eome lower priority coinmunication. Interrupting a channel

merely opens that channel to the receiver. The interrupt routine is used in

conjunction with either the 5-8 or §-T-S routine. y

ST RN BRI & PR S {E L RS SRR (S £ SE R TR CVNE T 5
Finally, there sometlmea EXIStS the smxahon where all usable chann°ls are
. occupien with equal or higher priority communications than that being

requested. In this case the CCC operator must inform the requesting
Ryt
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subscriber that he must wait to transmlt. This is accomplished in two ways,
depending upon the priority of the requeated message.

Durtng training you will have access to all materials, procedures, and rules,
You should try to master these during training 1) that you will refer to t. 'm
as little as possible in the Iater testing session. Scoring ic baspd on both
accuracl 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 second training phase; you will be given some practice probleme with
assistance from the experlmenter, if necessary. Then you will do 30
problems on your own.

During the final session, you will be givin 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
patchmg 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‘coinmunkivca_tes‘ in only one language: English, German,
Spenish, 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
reéuest. Prierity One is extreniely ﬁrgent 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 cbmpleted 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 and receiver. Tables

summarizing the rules associated with these three factors are provided.
Table 1 {pase ) gives the frequency rules; Table 2 (page ) the language
rules; and lable 3 (page ) the priority rules.

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

113 -
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The center of the CCC contains frequency arid channel inf_c;rr'ﬁyatibon. 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 Seleétors, are to
be used to link a SENDER to the TE.'RMINAL (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 functioas.
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 - A PRIORITY 1 message is currently
occupying the channel

Green - A PRIORITY 2 message is currently
occupying the channel

White - 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 ahd the right
dial connects the RECEIVER.
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. During the preéentation of problems, you will have access to
information, This information is contained on 35 mm slides. You will
notice that a slide selector is located on the shelf before you. Above

all necessary
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OPERATIONAL REQUIREMENTS

SUBSCRIBER TO SUBSCRIBER

The simplest and most straightforward mode of communication is §-8. Tuis
mode can be used conly if all the following conditions pertain:

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

SUBSCRIBER 'IO 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

116
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2. ‘There is at least one cha'nne“l usable by the receiver which is
occupied by a lower priority message.

- e e e m oEm S o w s W o e W e W oam W o W e e W e W o o Em om W o e M e S o e m o e @ o

' COMMUNICA TION 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 chanrels within the receiver's frequency capability are
occupied with messages of equal or higher priority.

147 0
i

Q : 11




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 pﬁtch, “the Opérator-emecutes the following routine:

1.

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

Select RECEIVER 1D on right PATCHING DIAL

Select an appropriate CHANNFL

. Actlvate CONNECT OUTPUT SIGNA L

Activate TRANSMIT signal

D . T T . T T T O . T T Ty

S-T-S ROUTINE

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

1.
2.
3.
4.
5.
6.

Select SENDER ID on left PATCHING DIAL
Select position 1 on right PATCHING DIAL
Select a FREQUENCY mthln sender s canabilxty
Activate CONNECT OU'I'PUT SIGNAL

Wait for CONNECT light to go off

Select position 1 on l;ft PATCHING DIAL

Select receiver ID on right PATCHING DIAL
Salect an appropriate CHANNEL - - -

118 -
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9. Activate CONNECT OUTPUT SIGNAL
10. Activate TRANSMIT signal

R T T . T T T T T T

CHANNEL CLEARING ROUTINE
To interrupt a channel, the Cperator uses the following routine:

1. Select position 30 on both PA TCHING DIALS
2. Select CHANNEL tovbe 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

- m m W e e M e EmomeEaee B o e ™ eomoEm % Eoem omom om ®oam @ o ™ om m owm o m om om m o= = m =

COMMUNICA TION 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 .
: ’~l
et

5. Activate TRANSMIT signal
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TABLE 1
FREQUENCY RULES

Subsgcribers can communicate directly (S-S) only on channels common
to both parties,

If there is no open cha.nnel common to both, go to S-T-S mode (See
Priority Rules,.) : '

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 canaot be made and the sender's request is demed (See
Priority Rules ) -

If channels are open on mdre fhan one usable frequency, use a channel
on the least-occupied frequency.

TABLE 2
LANGUAGE RULES

Subscribers cah con;inunicate directly (S-S) only in a common language.

If there ig no common language, the message must be translated
{°-T-8).
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. TABLE3
PRIORITY RULES

PRIORITY (P-1) MESSAGE

o Ifall q:hannéls within the receiver's capability are filled with
 P-1, deny sender's request and place sender on STANDBY.

® 1f 211 channels are filled with P-1 and/or P-2, interrupt the
uppermost P-2 and then proceed with the patch.

e Ifall 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 ' -~

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

¢ If all channela 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

e 1f all channels are filled, deny sender's request and place
sender on BUSY.

11 0

118




-NAVTRADEVCEN 68-C-0215-1

FINAL OPERATING INSTRUCTIONS

The initiation of a communication probiem is sighalled by the onset of the
verious 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 fcur doliars
per hour by operating at highesat levels of performance. It ig vital that each
communication be processed without errors, but you should not delay
unnecessarily.

We are \}ery 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 jnbs performed by equipment operators in actual
systemh. Therefore, yoh hmust 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 necesgary
information. This information is contained on 35-mm slides. You will
notice that a slide selector is located on tl.2 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-mm slides were prepared which depicted, in
cartoon form, sequences of activities involved in 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 inatruction (Appendix G),are shown on the following pages.
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Slide 41

I'D LIXE YO 60 TO
ATLANTA , PLease !

YES sir/ I CANGET YOU
A NON-STOP FLIGNY .
RGHT Ay /

 Slide 42

) 25




" NAVTRADEVCEN 88-C-0215-1

Slide 43

Slide 44

6 O
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I'0 LIKE TO 00 TO
HOUSTON , PLease/

S Y i Ve S
YES SIR / 8UT YOU'LL
HAVE TO CHANGE

PLANTS IN CHICAGO.

Slide 45

Slide 46

128"
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Slide 47

Slide 48

)3 L




W

NAVTRADEVCEN 68-C-0215-1

(i 1"

i ) LAy !l,‘ o
i
I el
| i i
: i
iRl
s Iv|l.| )
] ., i
b M III I
it . g
; [ i .
Wl
l
H il I
i
: ‘ | I
l aill i l 1
1 a ! i ‘i‘|ll i " | .
i 4|I ihl ' o
I | II l| l
(I I | ' r1
'J } i I
A il i i
it | l g ‘
. ] ;
)| N |
I )
|9 uiu!. i :_'| I' | |
!iy ;:"».u ! fni Al B i Ui
IR t s 18l
‘:"'IIV ‘l ‘M“;’“ '4 i -

130°

128



ITHIE B et it — o o e

NAVTRADEVCEN 68-C-0215-1

Slide 49

l. il
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AT

{ GATL @ --- YOU'LL HAVE TO
[EATHER... INTERKUPT STAMDBY) \, pUT ONE OF THE HALF-FARE
NGERS ON STAWDBY ,
T'VE JUST BOOKLD THE /
AWBASSADOR ON THIS FLIGHT

— -——\l I

Slide 50

- e TN T TN T T
! GATE 6 - YOULL NAVE TO
(OR.. WIERRUPT BUSY] . piwove Tve courTEsy FLiowr
* PASSINGER FRUM THE PLANE / -
* WE MAVE TO MAKE ROOM FOR
< THC AMBASSADOR 7 4
R NS

- “Texers A¥o ¥
| RESEAVATIONG| !

b —

Slide 51
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i “«/W
SORLY, WE'RE 3OLD out /
(DENY STANDRY) HOWEVER, I CAN PUT j
YOU ON auunw /
A

Slide 52

r~ N
SORRY, WE'RE 1,OOKED sou{—\fvx

(DENY BYSY) (| NO MILITARY FARES ARE AVAILABLE
YOU'LL HAVE TO TAKE )'ouonow
AFTERNOON'S msur

Slide 53
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APPENDIX G
MANUALS OF INSTRUCTION - EXPERIMENT I1

Because Experiment IT involved four combinations of treatment condit'ions
during training, it was necessary to develop four versions of the manual,
These are reproduced in this appepﬂx end are identified as follows:

® NoImagery, Low Fidelity Manual

® Nolmagery, High Fidelity Manual

° Imagery, Low Fidelity Manunl

¢ Imagery, High Fidelity Manual

135
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NO IMAGERY, LOW FIDELITY MANUAL 1)

INTRODUCTION

This ekperhﬁent is the first in a series of studies investigating ways to im-
prove training of complex-syvstem 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 Console {CCC),

which is the hub of the communi.:ations 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 thai time you will be given an additional set
of 30 problems, in order to measure how well you remem!:;er 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 ariother, te transmit and receive messages among themselves. Because
»f tho distances involved and tlie 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 (5-S).

However, not all transmissions ca2n be made in such a simple manner.
Because there are variations in the type of radio equipment {frequency) used
by th2 subscribers, it is not always possible for une 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 originatir.,g subscriber!s

(hes

136

134




()

()

_ NAV"I‘lRADEV‘C_EN 68-C-0215-1

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 coniplex form of com-
munication will be referred to as SUBSCRIBER to TERMINAL to SUBSCRIBER
(s- T-S)

In eddition to frequency disparity, there are sometimes cases where two com-
municating Subscribers speak different languages. Wher instances of language
disparity occur it i8 also necessary to employ the S-T-S mode of operation.
The identical S-T-S rouiine is used to overcome both language and frequency
disparities. In fact, if is sometimes the care that both types of disparity are
present. The major difference between the .-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 alimited number of channels through which Subscribers can re-
ceive messages. When a subscriber requests that he communicate with an-
other subscriter, through the CCC, and all channels usable by the receiving

subscriber are occupied, the console operator must determine whether the

present messagje is of a higher priority than any of those currently occupying
usable channel. When the incoming message i8 of higher priority, one of the
channels must 2e 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 ecual 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. '
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GENERAL SYSTEM CHARACTERISTICS

'Pfhe Communicaticna Control Console it the device which makes possible the
patching of one subgcriber to another so .hat they can coranmunicate. The con-
sole has five channele cn each broadcest frequency: High Frequency (HF),
Very High Frequency (VHF) and Ultra High Frequency (UHF). Some sub-
scribers have ornly one freguency capability, some have two, and some have
al: three capabilities.

Each of the 2§ subscriberas commmunicates in only one language: English,
German, Spanish, Greek, or 8S8wadish.

When a subscriber requests that & patch he made between him {Sender) and
another subscrilier {(Receiver), he places a priority un his cornmunications
request. Priority One is extrermely urgent and must be patched immediately
if at all possible. Priority Two 18 very important but not urgent. Priority
Three is used for routine communications whick can wait if necessary.

Frequ:ncy, Langvage, and Priority, must be considered each and every time
you make a patch betvieen sender and receiver. Tables summarizing the rules
associated with these three factors will be provided.

Let ug now see what the CCC looks like. At the left of the CCC ore 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 cail currently being requested.

The center of the CCC contains freq tency i.ra channel informuticn. The top
row of switch-lights are frequency . electors. Wthenr 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 tup and
bottom are illuminated. These switches called Frequency Selectors, are

to be ueed to 1ink a SENDER to the TERMINAL (console operator) or to link
the TERMINAL to the SENDER. This i8 a point which 18 frequently confused.

ey
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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 gwitch-lights serve two functions,
First, they are used to select a channel through which a communication toa
receiver is made. Second, they provide information ghout which channels are
currently in use and the priorities of these messages. Friority information is
provided according to the following color code: ‘

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

{ 1 - A PRIORITY 2 message is currently occupying
the channel (light~d portion is green)

- A PRIORITY 3 message I8 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 'I‘RANSMIT signal pushbutton. 1?)
After you have selected an output signal you must alwaya 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.
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OPERATIONAL REQUIREMENTS AND PROCEDURES

To proce#s a communication'request, the Operator must decide which inod=>
and which procedure to use.

SUBSCRIBER TO SUBSCRIBER

The simplest and moat straightforward mode of communicatior. is S-S. This
mode can be ui:’ed cuiy it 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 coinmon frequency

Now here is u sample problem to illustrate the S-S mode. Let us look up
Sender and Receiver capebilities. In this case the Sender is nurcber 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 sgee that they do speak the same lenguage; they have
a common frequency, in fact they have two frequencias in common, viz.,
HF ard UHF; and tiere are open channels on both common freguencies.

Since there are ar, equa! number <. open channels on both frequencies. you
can use either one. - '

To make a simple S-S patch, the Operutor executes the following routine:
1. Select SENDER ldentificetion Number (ID) on the left
PATCHING DIAL, For now, simply write ¥ 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 QUTPUT SIGNAL

5. Activate TRANSMIT aignal. For now we will use this
switch instead. L

13¢
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SUBSCRIBER TO TERMINAL TO SUBSCRIBER

The communication must be processed S-T-5, if any of the following con -
ditions exist:
1. There is a language disnarity.
2. Thereisa freqﬁency disparity.
3. There is an open channel within the receiver's capebility,
but not tre 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-$ 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 hags VHF and UHF.

$-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. Selecta FREQUENCY within sender's capability; {n this case
only HF can be vsed.

4. Activate CONNECT OUTPUT SIGNAL

5. Activate TRANSMIT S!GNAL.

6. Wait for panel lights to nuh' but for now. wait for this
Iight to go Lack on. |

7. Select Pos:tion 1 on left PATCHING DIAL

8. Selcct receiver 1o on right PATCHING DIAL.

9. Select a CHANMEL within the recelver's capability. Here,
pince VHF has three open channels and UHF only tne, we
wil: 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
capablility; and
2. There ir at least one channel usable by the receiver
which is occupied by a lower priority message.

We will now look at tvo problems which require use of the interrupt routine.
The first problem involves eubscriber 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 {n 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 posgition 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
Wait for CHANNEL to be opened

Now, having cleared HF channel 2, we can proceed to communicating by S-S,
In other words, we [irst 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.

143
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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 frequencizs. Both speak
German. If there were open channels on efther 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
uot be interrupted. The only remsining possibility for communicating is to
use S-T-S, first bringing the message into the terminsl through either H‘F 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 foilowiiig procedures:
" 1. Select Sender number, in thi" case number 20 on left
PATCHING DIAL.
2. Select position 1 on right PA.TCHING DIAL.
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 l, 1n the same manner as in the previous problem,
i.e. o :
. Select position 30 on both PATCHI’NG DIALS
2. Select UHF THANNSEL 1
3. Activate STBY since we are interrupting a priorlty 2
.nessage. .
4. Activate TrANSMIT eI('JNAL _
6. Wait for channel to be opened o :
Now we can proceed with completion of the aecond 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 CHANNZL 1
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. Select ('ONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

COMMUNICATION REQUEST DENIAL

A communications patcii cannot be made and the incoming request is d_eM
if bcth of the following conditions are present:
1. There is no open channel within the receiver 8
frequency capability; and
- 2. AN channels within the receiver's frequency capability
are occu} ied with messages of equal or higher priority.

The final sample problem jllustrates this situation. Subscriber 15 wishes to
communicite with Subscriber 19. We find that Subscriber 15, the sender,
has HF ana VHF c:hpebilit:,-, and Subscriber 19, the receiver, has only HF
capability. Lookirg st the cliannel/priority indicators, we see that all five
HF chainnels are occupied with priority 1 and 2 messages. Since the sender
wishes to communjcate a briority 2 message, and the rereiver's frequency
capability is occupied with messages of equal or higher priority, a channel
cannot be interruptec 3nd the sender's request to communicate must be
denied.

To deny a communication request: . .
1. Select position 1 on left PATCHING DIAL
2. Select serder ID on right PATCHING DIAL
3. Select any FREQULNCY wtthin Sender's capability
- 4a, Activate STANDBY OUTPUT SIGNAL if sender's request
was Prioy &ty 1or Priority 2
4b. Activate BUSY OUTPUT SIONA;, if sender's request was
Priority 3
in this case, we activate S'I‘ANDBY
6. Activate THANSMIT SIGNAL
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TABLE 1 (SLIDE #27)
FREQUENCY RULES

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

If there is nu open channel common to both, go to S-T-S mode.
{See Priority Rules. )

-~ 1f 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 denfed. (See
Priority Rules.) '

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

TABLE 2 (SLIDE #28)

LANGUAGE RULES
Subscribers can communicate directly (S-S) only in a commen language.

"’i-A S - . Y

If these i8 no common language, the mesaage must be translated -

(S-T-8).
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. TABLE3 . .- .
PRIORITY RULES

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

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

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

e Ifall 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)

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

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

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

‘.':"13‘ .

) lf all channels ars ﬂlleo. deny aender's request and place gender
On BUSY ) ol T _:-.»,4_.'. i ’ ’
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FINAL OPERATING INSTRUCTIONS

We are very much aware that your task in this experiment is complex. The -
high difficulty thereby preduced is necessary in order to adequateiy 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 hesitate to look up
information until you are very confident that you have this krowledge.

Your tasi is to p: ocess or deny each communication request as rapidly as
possible, consistent with very high ievels of accuracy. Your performance
will be evaluated in tarms of the average time required to complete each
problem. Although you will * ,uid a minimum of two dollars per hour, ycu
can earn as much as four doilars per hour by operating at highest levels of
performance. It is vital that each communicaiion 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 {iluminated; or for now, when
this light turns on.
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NO IMAGERY, HIGH FIDELITY MANUAL
INTRODUCTION

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

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

There will be two phases of triining. 1In 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 cne week frorn today. At that time you will be given an additional get
of 30 problems, in nrder to measure how well you remerrber what you have
learned hers today

The purpose of this communications systems is t» 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 signa) boosting or amplification.
In other words, all messages from one subscriber to another must pass
through the CCC. When the CCC is {nvolved only for amplificatior, the com-
municat.on routine will be referred to a8 SUBSCRIBER to SUBSCRIEER (S-S).

However, not all transmissions can be made in such a simple manne:-.
Because there are variations in the type of radio equipment (frequency) used
by the subscribers, it {8 not always possible for one subscriber to receive
messages from another's transmitter. In these coses it s mandatory that the
originator of the meassge send it to the CCC on the originating subscriber's

15- beot
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frequency. It must then be transmitted from the CCC to the receiving sub-
sériber, 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-S).

In addition to frequency disparity, there are sornetimes 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 ‘oneration.
The identical S-T-S routine is used to overcome both lenguage and frequency
Jisparities. In fact, it is sometimes the case that both types of disparity are
present. The major difference betwean the S-S and the S-7'-S modes is that

a delay at the CCC is necessary before the S-T-S message can be relayed to
the receiver. kemerber, two separate steps are necessary in the S-T-S
mode, whilg one step i8 used in the S-S mode.

A third mode of operation i8 gometimes used. This mode is necesasary because
there are only alimited number of channels through which Subscribers can re-
ceive messagzs. 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 cornsole operator must determine whether the
pPresent message is of a higher priority than any of those currently occupying
usable charinels. When the incoming measage is of higher priority, one of the
channels must be opened. This requires that the operator interrugt some
lower priority communication. Internipting 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
ocvupied with equal or higher brlority éomxhunicitvionys than that being re-
quested. In this case the CCC operator must inform the requesting subscriber
that he must weit to transmit. '
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GENERAL SYSTEM CHARACTERISTICS ' - )

The Communications Control Console xs 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 (. 1F),
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 coramunicates 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 pnority on his ecommunications
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.

| L 5 )
Frequency, Language, and Priority, must be considered each and every time
you make a patch between éehder and receiver. Tables summarizing the rules
associated wlth these three factors will be provided.

Let us now see what the CCC looks like. At the left of the CCC are three

transilliminated panels. The top panel displays the SENDER identification
number, the middle one displays the RECEIVER identification number, and
the bottom panel diéplays the ptriority of the call currently being requested.

The center o! the CCC contains frequency and channel information. The top
row of swuch lights are frequency selectors When activated, ecac’ switch
selects a frequency, either HF. VHF or UHF., In the unactivated position, -
the top half of the lndleator is murrinated When nctivated. both top and
bottom are ﬂlumlnated " These switches called Frequency Selectors, are -
to be used to link a SENDER to the TERMINAL (connole operator) or to link
the TERMINAL to the SENDER. This is a point which is frequently confused.
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Remember, the Frequency Selectors are used o only for commpnication between
the CCC and the Sender. Also, it is important to remember that you can al-
Wways use a frequency selector, even when all channels are occupied. Below
the frequency selecto:'s 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 foa
receiver is made. Second, they provide information about which channels are
currently in use and the priorities of these inessages. 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 cur:rently occupying
the channel (lighted portion is green)

’
[~ - A PRIORITY 3 message is currently occupying
S : “the channal (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 ieft dial connec's the SENDER and the right dial con-
ects the RECEIVER.

Below the patching dials are three OUTPUT SIGNAL switches, BUSY,

STANDBY. and CONNECT. They #~e illuminated in the tep half when the
switches qre not activated, and wholly {lluminated when activated.
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Below the OUTPUT SIGNAL switches- is a TRANSMIT signal pushbutton.

After you have selected &n output signal, you must always actwate the trans-
mit signal pushbutton : :

During the presentation or prr blems, you will have access to all npceesary
mtormation 'Ihis informaﬂon is contained on 35 mm slides. You will notice
that a slide selector is located on the shelf before you. Above the CCC {8 a
screen which displays the selected slide. I will now demonatrate the use of
the information display.

-
.
S e
e )
-
-
M
-
B\




NAVTRADEVCEN 68-C-0215-1

OPERATIONAL REQUIREMENTS ANC . "OCEDURES

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 $-8. 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 cae the Sender is number 8 and
the Receiver is number 17. We have provided slips of paper for your con-
venience in noting Subscriber informatio-l Each slip must be thrown away
after each problem. We see that they do speak the same language; they have
a common frequency, ir 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:
1. Select SENDER Identification Number (ID) on the left
PATCHING DIAL R RN v
Select RECEIVER ID on right PATCH]NG DIAL
Select an appropriate CHANNEL. f.e., the uppermost unoccupied
one § ¥ Do
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-3, if any of the following con~;, |
ditions exist: . w -
1. Thereis a languége disparity.
2. There is a frequency disparity.
3. ‘There is an open channel within the receiver's capability,
but not the sender!s. ’

.'i '

Here is a sample S-T-S problem involving subscriber 4 and suii: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:
. Select SENDER ID on left PATCHING DIAL.
2. Select position lon rlght PATCHING DIAL (Posltlon 1
is the terminal address).’ C
3. Selecta FREQUEN("Y within sender's capability, in this case
only HF can be used. :
4. Activate CONNECT OUTPUT SIGNAL.
Activate TRANSMIT SIGNAL P :
Wait for panel llghts to nuh but for now, wait for this
light to go back on i .
7. Select Positiun 1 on left PATCHING DIAL _
. Select receiver ID on rlght PATCHING DIAL.
8. Select a CHANNEL within the recsiver’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.
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CHANNEL CLEARING

The Interrupt routine iz used when hoth of the following conditions exist:
1. There are no open channels 'within the receiver's
' capabiiity; 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 sez that both subscribers are English speaking and that |
they vach have HF and VHF éapability. Now looking at the channel/priority
indications, we can see that al! HF and VHF channels are in use. Since all
chaiinels other than HF 2 have prio‘riw ones and twos, HF 2 having priority
3 occupancy, we will select HF 2 for interrupﬂon The general rule govern-
ing such situations is that we interrupt the lowest priority channel.

CHANNEL CLEARING WITH S$-3 ROUTINE

To interrupt # channel, the Operator uses the following roatine:
1. Select position 30 on both PATCHING DIALS
2. Select CHANNEL to be interrupted '
3. Activate BUSY if interrupting a briority 3 or STANDBY
for a priority 2. In this case we give a BUSY signal,
. Activate TRANSMIT SIGNAL v
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 natching 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, subacriber 20 requests communication with subecriber
- 21. N-mber 20 hasr HF and VHF, while 21 has all frequencies. Boti: speak
German. If there were open channels on either HF or VEF, we could use the
S-S routine. However, both HF and VHF channels are all dccﬁpied. More -
over, HF and VHF contain all priority 1 communications and thereforé must
not be interrupted. The only remaining possibility for communicating is to
use S-T-S, first bringing the message into the terminul through either HF or
VHF {requency, ‘and _L'he_n interrupting UHF 1 and ueing it to reéch the receiver.

CHANNEL CLEARING WITH S-T-S ROUTINE

To accomplish an interrupt §~T-S routine we use the following procedures-
1. Select Sender number, in this case number 20 on left
PATCHING DIAL. e
. Select position 1 cn right PATCHING DIAL.
3. Select an appropriate FREQUENCY in this cuse either
") ~ HF or VHF. ‘
4. Select ¢ ONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL . o
At this point the message is transmitted to the terminal Receipt of the
message is sxgnallod by a flashing of the panel lighta Now we interrupt the
desired channel, viz UHF 1, irj. the same manner a8 ln the previous problem,
i.e. S .
. Select positlon 30 on both PATCHING DIALS
2. Select UHF CHANNEL 1 : ey
3. Activate STBY since we are lnterrupting a prlority 2
message. | i (T
. 4. Activate 'I‘RANSMIT SIGNAL ,
5. Wait for channel to be opened g
Now we can proceed ‘¥ith completlon 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

e m e oEmEom e e S e o memeE eEoe® Eow e E NS E e e e W S oe w W oo e om e e om =

COMMUNICATION REQUEST DENIAL

A communications patch czanot be made and the incoming request is denied
if both of the following conriit_ions are present:
1, There i8 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 to
communicate with Subscriber 19. We find that Subscriber 15, the sender,
h_as HF and VHF capability, and Subscriter 19, the receiver, has only HF
capability. I.ooking at the channel/priority indic \tors, we see that all five
HF channels are océupied with priority 1 and 2 meseages. Since the sender
wishes to communicate a priority 2 message, and the receiver's frequency
capability is occupied with messagevs of equal or higher priority, a channel
cannot be interrupted. and the sender's request to communicate niwst be
denied. : ‘

To deny a communicatidrl request:
1. Select position 1 on left PATCHING DIAL
2. Select sender ID on right PATCHING DIAL
3. Select any FREQUENCY within Sender's cupability
4a. Activate STANDBY OUTPUT SIGNAL if sender's request
was Prlority 1or Priority 2 i -
4b. Activate BUSY OUTPUT SIGNAL $f sender's request was
Priority 3 ' - ,
In this case, we activate STANDBY
5. Activate TRANSMIT SIGNAL
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TABLE 1 (SLIDE #27)
FREQUENCY RULES

Subecribers can communicate dlrectly (S-S) o'zly on channels common
to both parties.

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

LI common chanrels are in use and cannot be lnterrupted (See Prior 1ty

Rules) and there i8 no open channel usable by the receiving subscrier,
a patch cannot be made and the sender's request is denied. (See
Friority Rules.)

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

TABLE 2 (SLIDE #28)
LANGUAGE RULES

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

If these is no cc;mmc;n la-ngﬁage. the messige must be translated
(S-T-S).
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"TABLE 3 °

PRIORITY RULES

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

e If all chanteis within the receiver's capability are filled with P-1,
deny sender's ‘réqueat and place sender on STANDBY. :
¢ If all channels are filled with P-1 andlor P-2. intr rrupt the uppermost
P-2 and then proceed with the patch . '
¢ Ifall channels arc filled'with P-1, P-2, and/or P-3, interrupt the
uppermost P-3 and thei proceed with ti.c patch.

- ,».-.,)','5,‘,-: Slliry et
LR

O PROCESS A _PRIORITY (P-2) MESSAGE (SLIDE #30)

P S
PR

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

e Ifall channels are iilled with P-1, P-2, and/or P-2, interrupt the

uppermost P-3 a.nd then proceed with the patch,

TO PROCESS A PRIDRITY (P-3) MESSAGE ( SLIDE 431)

PP sy . . € et
g,‘..’,; ,‘-‘~~'~: AR ML S P e} \;”ru LR Y LA IR it o tel T

e Ifall channels are filled, deny sender's reque&t and place sender
on BUSY 5 SR .‘H.. i . o PR
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FINAL OPERATING INSTRUCTIONS

We are very much aware that your task in this experiment is complex. 'The
lllis'h difficulty thereby produced is necessary in order to adequately simul ate
the kinds of jobs perforried by equipment operators in actual gystems. There-
fore you must make an attempt to grasp the basic function of the syetem

father 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. Althouga you will be paid a minimum of two dollars per hour, you
can earn as much as four dollérs per hour by opersating at highest levels of

performance. It is vital that each communication be piocessed without errors,

but you should not delay unnecessarily.

Before the beginning of each prdblem I will say "'ready’’. Each problem will
then begin when the lights on the CCC %ecome illuminated.
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IMAGERY, LOW FIDELITY MANUAL

INTRODUCTION

This experiment i8 the first in a geries of studies investigating ways to im~
prove training of complex-gsystem operators.

You will be asked to learn to operate a communications system similar, in
gome ways, to that ueed in worldwide communications networks. Your task,
as an operator, will be to operate the Communications Control Console (CCC},
which 18 the hub of the communications system. '

There will be two phases of training. 1n the firat 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. ‘ R

The purpose of this communications systems i8 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 pxjovide 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 transrnigsions can be made in such a simple manner.
Because {aere are variations in the type of ~adio equipment {frequency) ased
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
orlginntoi- of the message send it to the CCC on the originating subscriber's
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frequency. It must then be transmitted irom 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-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 overcorae 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 sepai-ate steps are necessary i{n the S-T-S
mode, while one step i8 used in the S-S mode.

A third mode of operation is sometimes used. This mode I8 necessary because
there are only alimited number of channels through which Subscribers can re-
ceive messsges. When a subscriber requests that he communicate with au-
other subscriber, through the CCC, and all channels usable by the roceiving
subscriber are occupled, 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. Inﬁerrubting a channel merely opens that
channel to the receiver. The interrupt routine i8 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. '

1m
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GENERAL SYSTEM CHARACTERISTICS

The Communications Control Con801e is the device which makes pcssible the
patching of one subscriber to anothea so that they can communicate . The con-
3ole has five channels on each broadcast frequency: High Frequency (HF),
Very ['igh Frequency (VHF) and Ulira 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,
Germar, Spamsh, 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 i8 very important but not urgent. Priorit
Three i3 used for routine communications which can wait if necessary.

Frequency, Language. and Priorlty. must be considered each and every .
you make a patch betwcen 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 threc

transilluminated panels The t(rp panel displays the SENDER identification
number, the middle one displays the RECEIVER {dentification number, enc
the bottom panel displays the prlority of the call currently be'ng requested

The center of the CCC contains frequency and channe! informatfon. The to
row of switch- lights are frequency selectors When activated, each switct
selects a frequency, eithe_r HF, VHF or UHF. In the unactivated position,
the top half of the indicator s illumina'ed. When activated, both top and
bottom are {lluminated. These switches called Frequency Selactors, are
to be used to link a SENDER to the TERMINAL (console operator) or to lir

the TERMINAL t. the SENDER. This is a point which is frequently confu:
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Remember, the Frequency Selectors are_uséd only for communication between
the CCC and the Serder. Also, it i8 important to remember that you can al-
ways use a frequency selector, even when all channels are-occupied. Below
the frequency selectors are the *hree columns of channel selectors for HF,
VHF, and UHF communicaticn. These swltch-lightdsef-ve two functions.
First, they are used to select a channel throug‘h which a communication to a
receiver is made. Second, they provide information ab>ut 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 ﬁessage is currently occupying
 the chan‘neAl' (lighted portion is red)

- A PRIORITY 2 message is currently occupying

LY d ! - |
el 7 the channel (lighted portion is green)
s 0 N .‘ s
- - A PRIORITY 3 niessage is currently occupying
s f_ " the channel {lighted portion is white)
e g NS s : < o
-— — - channel unaccupied {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 illumlnated 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 pre_sentAati'on 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 loeated on the shelf before you. Above the CCC is a
screen which displays the aelected 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 hav~ 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 operatxon of this com~
munication gsystem. :

IJn the following cartoon series, it will 2id you to thkink 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 siftuation the
agent arranges for the traveler to go from one place iv another in the most
expeditious manner. Likewigse the CCC operator arr anges for messages to
efficiently get from one p.ace to another,

.\ L A
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. The simplest ty;ie of air travel is the direct or non-stop flight from one
O place to another. This is analogous to the S-S communication routine
because, in both cases, the pathway is direct snd unobstructed. The first
serizs of glides depict the sequence of events that a traveler gees through
in making a non-stop flight. . o

| (SHOW SLIDE #41)

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

~ (SHOW SLIDE #42)

"Here the traveler is requésﬁng to g>et from
- Minneapolis/St. Paul to Atlanta.” The agent
handies the request by ticketing the passenger
(:) on a non-stop flight, just eu you might arrange
- a simple S-S communication patch."
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(SHOW SLIDE'#43)“ Cal f' o
o "The passenger 8 shown at the beginning of”" ‘
__his t!‘lp .

(SHOW SLIDE $44)

"We now see the traveler arrivmg at his
destination." P

In the next series of elideb we depict a tra-‘vel‘prcﬁlem‘very similar
to the S-T-S communication routine:

[

(SHOW SLIDE #_45i

"In this case the traveler canrot get a direct i
flight to Houston. The agent therefore arranges
for the traveleu to first fly to Chicago and to
charge planes there for one to Houston. This
is equivalent to sending a message from the
originating subecriber to the termlnal and then
5 redirecting the message rrom the terminal to
. the receiving subecriber

178. .
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o (SHOW SLIDE #46)

.l; ,_\f 3

s "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 "CC about reudy to be relayed to the
o receiver R

(SHOW SLIDE #48)

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

LI P N A BT

As we mentioned earlier, there are times when a messaze cannot be
transmitted because of a lack of open channels. Likewlse, there are
timea when no seats aré available on airplanies.
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R T e

Howeirer, sometimes certain passengers have o greater need to get on
a ﬂight than othr-r passengers who have already been ticketed. In the
same sense, certain communicatlons have a higher priority for getting
their messages processed

(SHOW SLIDX f49)
"'I'his cartoon shows a VIP reqaeating a place on

a flight which is already ful.. However, the ticket
agent is goi_ng to waake it possible for the Ambassador
to get on the Llane."

(SHOW SLIDE #50)
T T T DT ST
"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." RS ;.ﬁ",:( e :
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: e o

P I CRE P

(SHOW SLIDE #51)

"In this cartoon we have the air travel ec‘;uivalent

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 ie simply refused passage

on this flight and must wait for an indefinite period."

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

P

(SHOW SLIDE #52)

""This | passenger ‘an't immediately get on the plane.
but will as soon aa a seat becomes available.'

(snow SLIDE #53)

e thig passenger simply will not be able to take
this mght and must weit fer another. '
Notice the difference between ﬂ:ese last two slidel In the fn'st case,
the passenger was a rezular nre and therefore had higher priority than -
the Sergeant, who would have gotten a half-fare ticket. Think of the

~ similarity between thia situation and that of communication subscribers

with different priorities Juet as the full fare passenger gets pre-
ferential treatment, so does the priority 1 or 2 request as compared
with the priority 3 requestor

| I
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OPERATIONAL REQUIREMENTS AND PROCEDURES

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

"’ SUBSCRIBER TO SUBSCRIBER |
The simplest and mest-stralghtforwerd mode of ce\xﬁmunic‘atio‘n is S-S, This
mode can be used only if all the following conditions pertain:
' L There is a common language
2. There is a common frequency
3. There in an open channel on the common frequency

,;1_5',; el

Now here is a sample pioblem to illusfrate the S'-S mode. Let us look up
Sender and Receiver 'capabilities. In this case the Sender i8 numbear 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 tiey do speak the same la.nguage they have
a comraon frequency, in fact they have two Ire *1encles 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 bot: frequencies, you

can use either ore.

To make a aimple S-S patch. the Operator executes the following routine:
1. Select SENDER Identmcauon Number (ID) on the left
" PATCHING DIAL. For now, simply write the number 8
on your response sheet ........ here.
2. ' Select RECEIVER ID on rlght PATCHING DIAL. i e,
513 write in the number 17 ..., .  here. T A
_3." Select zn appropriate CIP!AN‘NIE:La i.e., the uppermost
~17: unoccuplied one.” Do this by placing an x Suoi i here.
4. Activate CONNECT OUTPUT SIGNAL ~~ * '
5. Activate TRANSMIT aignal. For now we, will use thls
switch instead. ‘ B
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SUBSCRIBER TO TERMINAL TO SUBSCRIBER

The communication muat be processed S-T-S, if a.ny of the following con-
ditions exist: '
1. There is a language disparity.
2. Thereis a rrequency disparity. A :
3. There is an open channel within the receiver's capabillty,
but not the sender'a ‘

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.

. §-T-S ROUTINE -
To make an S-T-S patch, the Op:arétor must:
1. Select SENDER ID on left PATCHING DIAL.
2. Select bosition 1on rigm PATCHING DIAL (Position 1
is the terminal address).
3. Selecta FREQUENCY \vlthin sender's capabllity, in this case
only HF can be used. L S : -
4. Activate CONNECT OU'I‘PUT SIGNAL
5. Activate TRANSMIT SIGNAL
6. Walit for panel lights to naah- but for now, wait for this
~light to go back on. ': T I wol
7. Select Poaiuon 1 on leﬂ PATCHING DIAL
© 8, Select receiver 1D on right PATCHING DIAL.
9. Select a CHANNEL within the receiver'a capability. Here,
‘since VHF has three open channels and UHF only one, we
- will use VHF.
10. Activato CONNECT OUTPUT SIGNAL.
11. Activate TRANSMIT SIGNAL.
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CHANNEL CLEARING (_')

The Interrupt routine {8 used when hoth of the following conditions exist:
1. There are no open channels within the receiver's
capability; and
2. There ie 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 Bubscriber 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 seloct HF 2 for mterruption 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 Op(.rator uses the following routine:
1. Select pos.tion 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 Hlj; channel 2, we can pro_ceed 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. T .

184

186




NAVTRADEVCEN 68-C-0215-1

£ ATdNVS

TYNOIS LIWSNVHL

TYNOIS 1AJLNO ALI¥OI3d
— _ — ‘ — ﬁ — WAIDHN
@ w Wm m — 4IONTS
s TINNYHD LSINOT LAN1 -
T
HINDR 33ON3S
. SIO ONIHILYY | m +. — +. — T —

AININDIBS

185

187 quj




NAVTRADEVCEN 68-C<0215-1

In the second problem, subscriber 20 requests communication with subsciiber { )
21. Number 20 has HF and VHF, while 21 has all frequencies. Both speak

German. If there were open chunnels on eitherHF or VHF, we ¢®buld uge 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 frequengz. and then mterrupting UHF 1 and using it to :each 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 ;
Select position 1 on right PATCHING DIAL «
Select an a.ppropriate FREQUENCY in this case either.
“HFor VHF. * = . | . " )
4. - Select CONNECT OUTPUT SIGNAL
5.- Activate 'I‘RANSMIT SIGNA:., .
At this point the message is transmitted to the terminal. Receipt of the
message 18 si nalled by a flaghing cf the panel lighta. Now we fhterrupt the
desired channel, viz. UHF 1, in the same manner as in the previous problem,
i.e.: ‘ '
. Select position 30 on both PATCHING DIAT 3
2. Select UHF CHANNEL
Activate STBY since we are interrupting a p-(ority 2
message. . L
4. Activate TRANSMIT SIGNAL
5. Walit for channel to be opened .
Now we can proceed with completion of the eecond 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

186
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4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL

e e e e A T T T T o

COMMUNICATION REQUEST DENIAL

A communications patch cannot be made and the incoming request is denied
if both of the follomng conditions are present:
1. 7T here is no open channel within the receiver's
frequency capabxlity, and
- 2. Ail channels within the receiver's frequency capabillty
are occupied with rnessages of equal or higher priority.

The final cample problem illustrates this situation. S‘Jbscriber 15 wighes *o
commmunicate with Subscrlber 19. . We find that Subscriber 15, the sender,
has HF and VHF capability, and Subscrlber 19, the receiver, has only HF
capability. Looking at the channel/priority indicators, vie see that all five
HF channels are occupled with prxorxty 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 higher priority, a channel
cannot be interrupted, and the sender's request to comraunicate 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 r SIGNAL if sender's request
was Priority lor "riority 2
4b. Activate BUSY OUTPUT SIGNAL if serder's request was
Priority 3 »
In this case, we activate STANDBY
5. Acdvat- TRANSMIT SIGNAL
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TABLE 1 (SLIDE 427)
FREQUENCY RULES

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

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

3. . If common chax_mels are in use and canrot 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 chn.nnel
on the least-occupied l‘requency

© TABLE 2 (SLIDE $28)
LANGUAGE RULES
1. Subscribers can communicate directly (s—s) onlydn a common langusge.

2. If these is no common longuege. the meseage must be translated
(S-T-8). oty :

180




) NAVTRADEVCEN 68-C-0215-1

<. TABLE 3 - "

. PRIORITY RULES -

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

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

e If all channels are filled with P-1 and/or p-z interrupt the uppermost
P-2 and then proceed with the patch .
o If all channels are mled with P-1, P-2, and/or P-3, 1nterrupt the
uppermost P-3 and then proceed with the patch '

a4 [PPSR

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

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

e 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)

e Ifall channels are filled, deny sender’s request and place sender

on BUSY.
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FINAL OPERATING INSTRUCTIONS ' O

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 equipme_rlt~ operators in actual systems. There-
fore you must make an attempt to gré.ép the basic function of the system rather
than simply memorizing rules and procedures., Do not hesitate to look up
information until y0u‘are very confident that )"ou have this knowledge.

Your task is to process or deny each communication request as rapidly as
possible'. consistent \'vith 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 becotne 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 communicaiions system similar, in
some ways, to that used in worldwide communicati>r.s networks. Your task,
as gn 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 seccnd 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 rr&easure how well you remember what you have
lcarned 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 messsages from one subscriber to another must pass
through fhe 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 there are variations in the type of radio equipment (frequency) used
by the subscribers, it is not always possible for one subscriber to receive
measages from another!s transmitter. In these cases it is mandatory that the
originator of the message send it to the CCC on the originating gubscriber's

Tre oy

193

195"




NAVTRADEVCEN 68-C-0215-1
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-8). -

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 3-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 i8 used in the S-S mode. '

A third mode of operation is sometimes used. This mode is necessary because
thereare onlyaumitéd number of channela 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 8 of a higher priority than any of those currently occunying
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.
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" GENERAL SYSTEM CHARACTERISTICS

The Communications Control C_o,’ﬁsolle 18 the device wkich 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 l’requency 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
auother subicriber (Receiver), he places a prlority on his communications
request. Zriority One is extremely urgent and must be patched immediately
if at all possibl:. Priority Two is very important but not urgent. Priority
Three is ugsed for roptine commpnications which can wait if necessary.

Frequency, Language, and Friority, must be considered each and every time
you make a patch between sender and receiver. Tables summanzing the rules
agssociated with these three factors will by prov1ded

Let us now see what the CCC looks like. At the left of the CCC are three

transillummgted panelé. 'l‘he top panel displays the SENDEh identification
number, the middle one displajs the RECEIVER identification number, and
the bottom pam_al diSplayé the priority of the call currently being requested.

The center of the CCC contains frequency and chuinel information. The top
row of switch- lights are frequency selectors. V/hen activated, each switch
selects a t’requency. either HF, VHF or UHF. In the unactivated position,
the top half of the indicator is illuminnted 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.
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Remember, the Frequency Seleptors 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. Bel;;
the frequency selectors are the three columha_bt ch_ahnel selectors for HF,
VHF, and UHF communication. These switch-lights serve two functions.
First, they are used to select a channel thi'ough which a communication to a
_m_ce_i_\:_t_z__r_' is made. Second, they provide information about which cha.nnelz a_re
currently in use and the priorities of these méssages. 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

ol 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 wh.lly {lluriinated when activat-d.
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Below the OUTPUT SIGNAL switches is8 a TRANSMIT signal pushbutton.
After you have selected an output signal, yov must always activate the trans-
init signal pushbutton. ‘

During the presentation of problems, you will have acc 2e8 to all necessary
information. This information is contained on 35 mam s3lides. You will notice
that a slide selector is located on the shelf before you. Abhove the CCC is &
screen which displays the selected slide. I will now demonstrate the use of
the informatjon 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 probiems
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
regervations 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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: | A |
The aimplest type of air travel is the direct or non-stop flight from one place
to another. This s analogoué 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 a'non-
stop flight.

(SHOW SLIDE &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 t;)
handles the reque#t by ticketing the bassenger
on a non-stop flight, just as you might arrange
a simple S-8 com;ﬁunication 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 Ambasgsador

to get on the plane."

(SHOW SLIDE #59)

"In order to meke room for the Ambassador, it is
. necesgsary 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 equivaleat

of the interrupt - BUSY routine. The passenger
being bumped hasg 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 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 half-fara 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 requést as compared with the priority 3 requestor.

Y ,
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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 communicsation is §-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 i8 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 ig 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. - o

To make a simple S-S patch, the Operator executes the following routine:

i. Select SENDER Identification Number (ID} on the left
PATCHING DIAL '
Select RECEIVER ID on right PATCHING DIAL
Select an appropriate CHANNEL, {i.e., the uppermost unoccupied
one " .

. Activate CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT signal

------------------------------------------
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SUBSCRIBER TO TERMINAL TO SUBSCRIBER

The communicaticn must be processed $-T-S, if any of the following con~-
ditions exist:
1. Thereis a language disparity.
2. There is a frequency disparity.
3. There is an open channel within the receiver's capatility,
but not the sender!'s.

Here is a saimple 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 onlvy HF,
while 12 has VHF and UHF.

S-T-S ROUTINE

To make an S-T-S patch, the Operator must:
. Select SENDER ID on left PATCHING DIAL.
2. Select position 1 on right PA'I‘CHING DIAL (Positxon 1
ig the terminal address).
3. Select a FREQUENCY within sender's capability; in this case
only HF can be used. '
Activate CONNECT OUTPUT SIGNAL.
Activate TRANSMIT SIGNAL.
Weait for panel lights to flash; biit for now, wait for thia
‘ight to go back on.
7. ielect Position 1 on left PATCHING DIAL.
.  $3elect receiver ID on right PATCHING DIAL.
9. Select a CHANNEL within the receiver's capability. Here,
siince VHF has three open channels and UHF only one, we
viill 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 rhannels within the receiver's

capability; and

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 subacriber 18 who wishes to communicate with
subscriber 22. We see that both subscribers are English speaking and t..at
they each have HF and VHF capability. Now locking at the channel/priority
indications, we can see that all HF and VKF chennels are in use. Since all
channels other than HF 2 have priority ones and twos, HEF 2 1:>ving priority
3 occupancy, we will select HF 2 for interruption. The general rule govern-
ing such situations is that we fiterrupt the lowest priority channel.

CHANNEL CLEARING WITH S-S ROUTINE

To interrupt a channel, the Operator ug2s the following routine:
1. Select position 30 or. Soth PATCHING DIALS
2. Select CHANNEL to be interrupted
3. Activate BUSY ir interrupting a priority 3 or STAl DBY
for a priority 2. In this case we give & BUSY signal,
4. Activa.e TRANSMIT SIGNAL
Wait for CHANNEL to be opened

Now, having cleared HIF channel 2, we can proceed to communicating by S-S.
In other words, we first select 18 on the 1 ¢t patching dial and 22 on the right
patching dial. We now select channel HF 2, zelect CONNECT, and finally
activete TRANSMIT SIGINAL.
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) In the second problem, subscriber 20 requests communication with subscriber
21. Number 2C ' s 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-8 routine. However, both HF and VHF channels are all occupied. More-~
over, HF and VHF céntéin all priority 1 communications and therefore must
not be interrupted. 7he only remaining poseibility for communicating is te
use £-T-S, first bringing the message into the terminal through either HF or
VHF frequency, and then iriterruptinq UHF 1 and using it to reach the receiver.

CHANNEL CLEARING WITH S-T-S ROUTINE

To accomplish an interrupt §-T -S routine we use the following procedures:
1. S>lect Sender numhber, in this case¢ number 20 on left
PATCHING DIAL.
Select position 1 on right PATCHING DIAL.
. Select an appropriate FREQUENCY; in this case either
O HF or VHF. -
4. Select CONNECT OUTPUT SIGNAL
5. Activate TRANSMIT SIGNAL
At this point the messuge is transmitted *o the terminal. Receipt of ihe
message is signalled by a flashing of the panel lights. Now we interrupt the
desired channel, viz. UHF 1, in the game manner ag in the previous problerm:,
i.e.: C '
. Select position 30 on both PATCE'NG DIALS.
2. Select UHF CHANNEL 1
3. Activate STBY since we are interrupﬂng « priority 2
messuge. '
4. Activate TRANSMIT SIGNAL
_ 5. Wait for channel to ba opened
Now we can proceed with coinpletion of the s8econd part of the S-T-S procedure,
1. Select position 1 on left PATCHINC DIAL
2. Select position 21 on right PATCHING OIAL
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 reguest 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 chanrels within the receiver's frequency capsbility
are occupied with messages of equal or higher priority.

Tne finai sample problem fllustrates thie situation. Suhscriber 15 wishes to
communicate with Subscriber 19. We find that Subscriber 15, the asender,
has HF end VHF capability, and Subscriber 19, the receiver, has only HF
capability. Looking at the chaunel/priority indicatore we see that all five
HF channels are occupied with priority 1 and 2 mes- 8. Since the sender
wishes to communicate a priority 2 message, and th. . 2ceiver's frequency
capability is occupied with messages of equal or highcr priority, a channel
cannot be interrupted, and the gsender’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 PATCH'NG DIAL
3. Scelect any FREQUENCY within Sender's capability
~4a. Activate STANDBY OUTPUT SIGNAL if sender's request
wus Prlority 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

21
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) | TABLY 1 (SLIDE #27)
FREQUENCY RULRS

1. Subscribers can commuricate 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 {here i8 no open channc! usable by the receiving subacriber,
a patch cannot be made and the sender's request is denied. (Ses
Priority Rules.) ' ‘ ' '

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

o3

TABLE 2 (SLIDE #28)

LANGUAGE RULES

1. Subscribers can communicate directly (S-S) ouly in a comnion language.

2. If these i8 nc common language, the message must be translated
(S-T-8).
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. TABLE 3
PRIORITY RULES

TO PROCESS A PRIORITY (P-1) MESSAGF (SL.DE #29)

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

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

e 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)

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

e If all channels are filled with £~1, P-2, andfor P-2, interrupt the
uppermost P-3 and then proceed with the patch.

TO PROCES! A PRIORITY (P -3) MESSAGE { SLIDE #31)

o If All channels ‘ar.e filled, der;y gender's request and place gender
an BUS‘( .
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FINAL OPERATING INSTRU CTIONS

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 muke an attempt to g:*asp 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 slide projector may only be used during a problem; never between
problems.

Your task is to process or deny each communication request as rapidly as
poeaibl~, consistent with very high levels of accuracy. Your performance
will b2 evaluated in terms of the average time required to curnplete each
problem. Although you will be paid a minimum of two dollars per hour, you
‘can earn as much as four dollers per hour by operating at highest levels of
performance. It is vital that each communication be processed withouterrors,
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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ABSTRACT (continued) .

ir Expariment I, 10 subjects were presented with 60 communications prob-
Jams, 30 each on two con.ecutive days. Dependent measures were regponse
time and accuracy. Evidence of learning was provided by both measures, but
time appearsd to be more sensitive than accuracy.

At the end of experimental sessions, sudbjects were requected to provide infor-
11ation about waye in which they tried to lsarn the taek, and suggestione for
ixoroving the effectiveness of training. This informstion was used to modify
truining for an experimental group in Experiment II.

Experiment [1 employed four of subjects (a a 2 x 2 factorial arrangs-
ment. From sub; ct’l" nmm‘ in Experiment I, a modified form of
tre lning, Involving the presentation of ""imigery” to aid in undersisnding sye-
tera operation, was given to half the Subjects. The secpond variable studied
way the éffect on transfer performance of high versue lov: fidelily of simulation
during tralnlng, - oo e e 00 e e .o '
Renuits suggested that imagery can play an important role in promoting proce-
duzal rkills, and that training omctr::mn can be achieved through the use of
low-ccat paper and pencil simulation of the oparational task, . e s
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