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FOREWORD

The Human Factors Technical Area of the Army Research Institute (ARI) is
concerned with the demands of increasingly complex battlefield systems that are
used to acquire, transmit, process, disseminate, and utilize information. This
increased complexity places greater demands upon the operator interacting with
the machine system. Research in this area is focused on human performance
problems related to interactions within command and control centers as well as
on issues of systems development. Such research is concerned with software de-
velopment, topographic products and procedures, tactical symbology, user-
oriented systems, information management, staff operations and procedures, de-
cision support, and sensor systems integration and utilization.

An issue of special concern within the area of user-oriented systems is
the improvement of manual data input procedures, especially in battlefield au-
tomated systems. The main source of information for tactical data systems is
manual data entry--a slow, difficult, and error-prone process. The capability
of tactical data systems such as the Tactical Opéfating System (TOS) to support
command staff actions with accurate, complete, and timely information is depen-
dent on the performance of the person who must manually enter information into
the system. ARI's research program on data entry has resulted in simplified
message formats, improved reference codes, aids for on-line preparation and
verification of message entries, improved training procedures, techniques for
error analysis, and simulation techniques to aid in the design process. The
present publication summarizes the research performed on the data entry process
by ARI over the past decade. The rationale of ARI's approach to the problems,
the findings, operational implications, and further research requirements are
presented.

Research in user-oriented systems is conducted as an in-house effort aug-
mented through contracts. This report resulted from an in-house research ef-
fort responsive to requirements of Army Project 2Q162717A790 and to special
requirements of the U.S. Army Combined Arms Combat Development Activity, Fort
Leavenworth, Kansas. Special requirements are contained in Human Resource Need
80-304, "Interactive Procedures for Data Inputting, Organization, Retrieval and
Purge."

A
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Teqhnic irector
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RECENT ARI RESEARCH ON THE DATA ENTRY PROCESS
IN BATTLEFIELD AUTOMATED SYSTEMS

BRIEF

Requirements:

To increase the efficiency and accuracy with which operators enter data
into battlefield automated systems.

Procedure:

This paper reviews ARI research designed to improve the data entry proc-
ess. The first and second sections of the paper describe the data entry proc-
ess in general as well as in the context of a specific battlefield automated
system, the Tactical Operating System (TOS). Because it was used as an exem-
plar of the data entry process, TOS played an important role in the development
of improved data entry procedures. The third section of the paper reviews the
findings and conclusions of the many ARI research projects concerned with data
entry. Among the areas covered in ARI's research program are:

a. How to format and display data entry information.

b. What safequards can be developed to reduce the number of operator
errors made and/or accepted by the system.

c. What kinds of operator job aids can be developed to improve
performance.

How to improve operator training.

How to make the system's message codes easier to use and more
memorable.

f. How to improve the design of keyboards.

The fourth section of the paper reports on efforts to analyze the causes of op-
erator errors. This section also discusses the development of a simulation of
the data entry process. The simulation is intended to facilitate system design
by permitting the inexpensive evaluation of alternative data entry procedures.
The fifth section presents a general discussion of the problems that have been
encountered by the ARI research program. Also included here is a discussion on

how this program might be improved in the future. The final section of the
paper summarizes the operational implications of ARI's research results.




Findings:

ARI research has contributed to the improvement of the data entry process
in battlefield automated systems. Major findings and operational implications
derived from the ARI program include:

a. The number of different formats used in data entry should be reduced
through possible consolidation.

b. The transformation and input of the TOS message should be performed
by a single operator and as a single operation.

c. Menu selection is the superior technique for data entry.

d. Message formats are best designated by the use of an all letter code
as opposed to a mixed alpha-numeric code.

e. Flexibility and cost efficiency in the design of data entry systems
-can be achieved through improved computerized modeling.

f. Response-sensitive training is an effective method for reducing train-
ing time without sacrificing input accuracy.

The Alpha-dot keyboard has value as a data entry device for use by
frontline observers on the battlefield.

h. Approximately 80% of all data entry errors are not detectable by com-
puterized error detection routines.

Utilization and Findings:

This report brings together the principal results of ARI's research efforts
in the area of data entry. It provides interested system proponents and devel-
opers with convenient access to recommendations and guidance for improving the
data entry process in battlefield automated systems.
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RECENT ARI RESEARCH ON THE DATA ENTRY PROCESS
IN BATT_EFIELD AUTOMATED SYSTEMS

INTRODUCTION

The U.S. Army is engaged in the development of over 90 different tactical
data systems which will improve the effectiveness and efficiency of information
processing on the battlefield. By automating many of the clerical and manual
processing tasks involved in tactical information processing, these new systems
will ameliorate the burdensome, time consuming, and error prone chores related
to the collection, processing, and presentation of information. These systems
will provide field users with improved access to a more accurate and a more
comprehensive data base of tactical information.

The data entry process is critical to the operation and maintenance of any
battlefield automated system. Delays and errors that occur during data entry
deprive system users of timely and accurate information. Battlefield automated
systems can be no better than the quality of the data entered into them. When
the data input process is degraded, the worth of the total system is compro-
mised. Although elements of the data entry process will be automated, much of
it will depend upon human performance. For the system to be successful, both
the hardware and its human operators must be capable of operating in a combat
environment where they are exposed to performance-degrading conditicons.

This paper reviews ARI research designed to improve the data entry proc-
ess. (An earlier presentation of this material was made by Alderman, 1976.)
The next section of the paper describes the data entry process in general as
well as in the context of a specific battlefield automated system, the Tactical
Operating System (TOS). Because it was used as an example of the data entry
process, TOS played an important role in the development of improved data entry
procedures. The third section of the paper reviews the findings and conclusions
of the many ARI research projects concerned with data entry. Among the areas
covered in ARI's research program are:

e How to format and display data entry information.

® What safequards can be developed to reduce the number of operator errors
made and/or accepted by the system.

® What kinds of operator job aids can be developed to improve performance.
e How to improve operator training.
e How to make the system's message codes easier to use and more memorable.
e How to improve the design of keyboards.
The fourth section of the paper reports on efforts to analyze the causes of op-
erator errors. This section also discusses the development of a simulation of
the data entry process. The simulation is intended to facilitate system design

by permitting the inexpensive evaluation of alternate data entry procedures.
The fifth section presents a general discussion of the problems that have been
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encountered by the ARl research program. Also included here is a discussion on
how this program might be improved in the future. The final section of the
paper summarizes the operational implications of ARI's research results.

ThE DATA ENTRY PROCESS IN BATTLEFILLD AUTCMATED SYSTLMS

Outline of the Data Entry Process

Five critical operatiocns must br performed during the course of a user-
computer interaction (Ringel, Vicino, & Andrews, 196G). Figure 1 provides a
graphic representation of these operations and of the information flow associ~
ated with them. Three of these five operations constitute the data entry
process:

Screen incoming data for pertinence, credibility, impact, priority, and
routing.

Transform the raw data for input into automated storage devices.

Input the transformed data into storage devices for subseqguent computation
and display.

The two remaining operations are assimilation of the displayed data and decidinc
on courses of action. These operations are not part of the data entry process
per se and are therefore not discussed in this paper.

The data entry process begins with the reception of messages or data for 1
inclusion in the data base. These messages can vary widely in terms of their
relevance, content, form, and completeness. Therefore, the first step in the
data entry process is to screen the incoming messages and exclude from data
entry those that are irrelevant (see Figure 2). However, most experiments and
training exercises employ only relevant messages in their scenarios. Ambiguous
data, erroneous data, deceitful data, and data out of context are not included.
Thus, the screening operation tends to receive little attention during most
test and design stages. Although the screening operation determines the con-
tent of the data base and may delay the relaying of messages, research emphasis
has typically been placed on the transform operation.

The transform operation involves the selection of the appropriate format
for translating the message data from free text into a style acceptable for
data entry. Restrictions on the size of the data base often necessitate the
use of abbreviations, codes, and other representations. A number of formats
are available for the transformation of incoming messages. Each format is
tailored to a different type of message as well as to the data basc operation
to be performed. Worksheets are usually used by operators to assist them in
performing the transformation task.

The input operation involves the physical process of using an input device
to transcribe data from messages or worksheets into the computer. Most systems
provide a standard keyboard for entry of the message as well as a cathode ray
tube (CRT) for immediate display of the entered message. Operators verify the
correctness of the transcribed message against the worksheet prior to entering
it into the data base.
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105 was a battlefield automated system designed to provide command staffs
with a computerized method for the storage and retrieval of battlefield informa-
tion. The development of TOS in a user setting was begun in 1965 and resulted
in a Seventh Army TOS (SATOS), designed from commercial equipment, being intro-
duced into the field for testing. Upon completion of testing in about 1969,
Headquarters, Modern Army Selected System Test, Evaluation and Review (MASSTER)
relocated the experimental TOS to Fort Hood, Texas, in order to support the De-
velopmental TOS (DEVTOS) activity. This in turn led to an effort to develop a
division level system known as the TOS Operable Segment (T0S2). -In 1980, devel-
opment of a second generation command support system, SIGMA, was initiated. (For
further discussion of the early history of TOS, see Baker, 1972a.)

The TOS configuration (circa 1970) is shown in Figure 3. TOS consisted of
the following functional groups:

® User Input/Output Device (UIOD)--enables remote users to communicate
with the system and other users; consists of a television type cathode
ray tube (CRT) display with an associated keyboard and a typewriter
printer.

® Remote Station Data Terminal (RSDT)--an intermediate message processor/
transmitter between UIODs and the Central Computing Center.

® Central Computing Center (CCC)--stores the TOS data base, performs TOS
computations and data manipulations, and processes all messages to and
from the RSDTs.

Data entry in the experimental TOS begins with an incoming message being
received from a remote unit. This message, usually in the form of free text,
is then translated into the TOS message format by an action officer. In per-
forming this task, the action officer is guided by TOS message worksheets.
Next, an operator transcribes the message from the worksheet to the UIOD. After
the transcribed data is verified against the worksheet, the operator transmits
it to the CCC., The input data is then edited and verified by the CCC. If any
errors are detected by the CCC, an error message is sent to the operator. When
this occurs, the operator corrects the error and reenters the data into the
systems. When the data is finally accepted, the CCC updates the data base.

The messages processed by the action officer can be categorized as either
operational or relay. Relay messages are free text messages from one user to
another and require only retransmission; thus they do not affect the data basc.
Operational messages are messages which modify the data base or which require a
system response. They are of the following types:

® Data messages--serve to enter data into the system data base and to
add, change, or delete previously entered data.

® Query messages--used to search the data base for specific information
which is then output on the typewriter printer.

® Special Process Request (SPR)-~used to perform calculations, summaries,
and other manipulations of the stored data.




(zL6T ‘I9ved) °SOL Auxy yjusass 9yl 103
sxempiey arqejrodsuerl JO JIUSWSIADUT 3ISITF 103 uoTaeINbIFUCD g IINHTI

s,aoiny s,.aoin v ‘
14dsHy g 999 1dSH

14asy 14sy




e Standing Request for Information (SRI)--serves to establish automated

and immediate dissemination of pre-specified information to designated
UIODS.

Entry of these operational messages reguires the completion of highly structured
worksheets. A large number of different worksheets are required to accommodate
all possible combinations of message types and functional areas. Operational
messages may require more than one worksheet to enter all the relevant data in
an incoming message (see Baker, 1972a).

Many of the early data entry studies performed by ARI used the TOS design
as an exemplar of battlefield automated systems. By so doing, these carly cx-
p.-~iments were made more realistic and their results were directly usable by
both TOS and other prospective systems.

RESEARCH REVIEW

Research on data entry has revolved around the transform and the input op-
erations. In most instances, these operations were studied together and there-
fore they are discussed together below. In seeking to improve the data entry
process, research efforts centered on the following features: message format
selection, on-line versus off-line transformation of free text, verification by
the operator of the input stage, job aids for the operator, training procedures,
typing aids and new keyboard designs. A summary of this program is provided in
Table 1.

® Format Selection is a critical part of the transform process during
data entry. For the experimental TOS, users are reguired to select the correct
format(s) (for transforming a message) from about 500 choices. In the majority
of cases, the transformation of a single English text message will require the
use of more than one format (Baker, 1972a). A sample format is shown in Fig-
ure 4. Baker, Mace and McKendry (1969) investigated how to improve performance
during format selection. In their experiment, operators were assigned to onec
or two format selection procedures. One group used a menu type listing of
available TOS formats. The second group used a simple job aid which provided
the same information but in the form of a table of reference codes. Data entry
was performed manually (i.e., handwritten). The two groups of operators showed
no significant differences in their performance. Their error rate for select-
ing the proper format was 22%, suggesting that approximately one message in
five would be incorrectly entered in a real life situation. Error rates dif-
fered as a function of message type and subject matter. The most common error
made involved data being sent through TOS as a relay message when, in fact, the
data should have been entered as an operational message. This type of error
deprives the command center of important information. The mean time for data
entry was observed to be 50 seconds. This included the time required to read
the message, select a format and then transform the message. As a result of
their findings, Baker et al. hypothesized that the error rate in an operational
system is compounded by the large number of successive operations being per-
formed. They suggested that the action officer, who manually prepares the mes-
sage worksheet and then passes it to the operator for input, is both redundant
and a source of error. In addition, they recommend that the number of differ-
ent formats used by the TOS be reduced and that operator training on correct
choice of a format be improved.
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® Aids to Assist in Message Formatting were evaluated in an experiment by
Strub (1975). Both of the aids that were studied provided the uscr with data
entry information, instructions, and examples of legal entries. One aid was
computer-assisted and presented this information on the CRT. The other aid was
a checklist for ftormatting free~text information into computer acceptable ter-
minology. This aid was in the form of a handbook. A second variable that was
investigated involved the completeness of the data entry format shown to the
subject. In one condition, the subject indicated which subsection of the for-
mat was to be displayed on the screen. 1In the other condition, the entire for-
mat, including irrelevant sections, was displayed to the subject. 1In both
cases, the subject was reguired to insert the appropriate data into the blank
spaces within the format. A fifth condition served as a control. 1In this con-
dition, the subject used the reference handbook but wrote the input message
without the aid of a CRT display format. The experiment found that the time
required to perform the data entry task did not differ signiticantly among the
four experimental conditions but the fifth (control) condition did take an av-
erage of 4.6 minutes longer per message. No significant differences in accu-
racy appeared. An analysis of the input errors was performed to evaluate the
effectiveness of the error detection routine. The, analysis revealed that 80%
of the input errors went undetected. Also, "friendly” messages were completed
with greater accuracy and speed than "enemy” messages, perhaps because they may
have been simpler to format.

Strub recommended that error analyses be performed to determine the ratio
of detectable to undetectable errors. This would provide a valuable estimate
of the frequency of undetected errors in the real world. Strub also suggested
that the TOS formats might be simplified. Research performed in conjunction
with Project MASSTER (which was to later become an clement of the Training and
Doctrine Command) indicated that the consolidation of formats could result in a
savings of 49 seconds in the time required to enter a message (Strub, 1975).
Lrror rates for the consolidated formats were not reported.

e Improved Training represents another approach to improved operator per-
formance. Software/courseware training modules can be embedded within operat-
in¢ system both to train operators and to maintain a high level of proficiency
once trained. The effectiveness of embedded training programs depends on the
deveiopment of optimized training strategies which are responsive to the stu-
dent's history, current skill level, etc., and satisfy the necessary conditions
for learning (e.g., feedback of errors). An experiment by Gade, Fields and
Alderman (1978) compared the cffects of sclective feedback on performance dur-
ing training and simulated operations. Five conditions were defined by the
type of computer feedback provided to the student when an error occurs. The
five types of feedback were:

1. No Fecdback.

2. Minimum I'cedback--error message only.

3. Edit Feedback--error message, correction required.

4. Remedial F'eedback--error message, correction required, correct entry.

5. Response Sensitive FFeedback--error message, correction required, cor-
rect entry, automatic entry.
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The error message informs the student that the last entry was in error; correc-
tion required indicates that erroneous entries must be corrected before pro-
ceeding; correct entry provides the student with both the erroneous entry and
what the entry should have been; for automatic entry, the computer maintains a
record of the subject's performance and stops testing those entries which have
been mastered to criteria. After training, the subjects were given a perfor-
mance test. In comparison to the other conditions, Response-Sensitive feedback
was found to be most effective in reducing training time. However, it was no
different in its effect on accuracy. Of the errors made during testing, over
90% could not be detected by the system's edit routines.

Gade et al. recommended that any proposed use of the above training tech-
niques should take into consideration the trade-off between reduced training
time and increased cost of training development. Also, the development of more
effective error detecting routines was recommended, although this is not likely
to produce a complete solution. Other possible means for reducing error rates
are to improve formats and to better define legal entries. Based upon the above
experimental results, it does not appear that improved training will eliminate
the number of errors that go undetected by the present system.

e Typing Aids were investigated by Fields, Maisano, and Marshall (1978)

in an extension of earlier work developing computer aids for message input.

The authors systematically assessed four methods of inputting TOS messages con-
cerning enemy activity. The four inputting methods were: (1) typing--the user
types the appropriate code into a message format; (2) typing with an error
corrector--the computer automatically attempts to correct common spelling and/or
typing errors; (3) menus--from a list of options, the user indicates which entry
is desired; and (4) typing with autocorrection and an English option--the user
could choose to type either the word or its abbreviation (i.e., English option)
or the user could choose to only type encugh characters from either the word or
its abbreviation for the computer to uniquely identify it (i.e., autocompletion)

The menu method of data entry produced 40% fewer errors than the typing
only method. The error corrector also decreased the number of errors by 1ll%.
However, autocompletion with an English option resulted in an increase in the
error rate as compared to the typing only method. (Although autocompletion was
utilized heavily by the subjects, the English option was not. Instead, subjects
showed a strong preference for using abbreviations in conjunction with auto-
completion and rarely did they use the other options.) Autocompletion should
therefore not be used unless specific operational needs warrant it. It also
might prove to be more effective with operators experienced in its use. For
users with limited (one day) experience, there were no significant differences
in speed among the four methods. The menu method required a slightly {(although
not significantly) longer data entry time. This may have resulted from a lag
in the time required to display successive menus on the CRT.

® The Memorability of Codes is a problem for most systems. Early ver-
sions of the experimental TOS used reference codes consisting of two letters
and one number (LL#). The two letters were used to indicate message format
(e.g., enemy unit status, standing request for information file) and the number
was used to indicate action code (e.g., add, delete). An alternative sct of
codes based on four letters (LLLL), usually an acronym of the message format
and the action code, was recommended. A sample of the two coding techniaues is
shown in Table 2. A code is formed by joining a message title code to an action

14




Table 2

0ld (LL#) and New (LLLL) Message Format Codes
Used in the Experimental TOS
{(Nystrom and Gividen, 1978)

Message Titles with 01d (LL#) and New {LLLL) Codes

Message title code
G2 message titles 0ld New

Enemy unit status EA EUS
Enemy situation data EC ESD
(Enemy) intelligence summary ED EIN
(Enemy) intelligence working file EE EWF
Enemy situation data base index EG EDX
Relay? AA REL
Named area of interest AR NAI
Standing request for information file AA SRI
Action Names with 0ld and New Codes

Action code

Action name 0144 New

Add 1 A
Change 2 C
Delete 3 D
Query 4 Q
Special processing 5 p
Establish standing request for information 6 S

a ,
Plus these special cases:

1. Use an action code of 0 to add a Relay messade.
2. Use an action code of 8 to delete an "SRI File" message.
3. Use an action code of 9 to query the "SRI File."
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code (e.g., EA2, EUSA). Nystrom and Gividen (1978) compared the relative ease
of learning the two sets of message format-action codes. Comparison of the
error rates showed a reliable difference in learning the codes, i.e., the error
rate for learning the LLLL codes was less than half that for learning the LL#
codes (13% vs 29% errors for enlisted men, 11% vs 21% for officers working on
one sample list, and 7% vs 15 for officers working on another sample list).

In addition, the time required to meet a learning criteria for the LLLL groups
was approximately 60% of the time required for the LL# groups. Thus, the LLLL
code was learned in less time and with fewer errors than the LL# code. A de-
tailed analysis of the error rates suggested several revisions in the LLLL code
that have the potential of reducing the error rate to 5% or less.

e Improved Keyboard Designs were studied by Sidorsky (1974) in research
designed to evaluate the impact of a nonstandard keyboard on the data entry
process. Sidorsky specifically compared data entry using his own "Alpha-dot"
five-key keyboard versus a CRT with a standard keyboard. The Alpha-dot system
is one in which the keys to be pressed are determined by the shape of the al-
Phanumeric character being entered. The set of keys that most closely resembles
the character is pressed. The Alpha-dot code and two Alpha-dot entry devices
are shown in Figure 6. With less than 5 hours &f practice, trainees using the
Alpha-dot tablet were able to enter free messages at 602 of their standard key-
board rate. Perhaps more significant was the finding that formatted (TOS type)
messages were transmitted at a rate equal to or exceeding that of the standard
keyboard. Subsequent studies have similarly demonstrated the feasibility of
the Alpha-dot keyboard. Sidorsky (1979) showed that enlisted personnel were
able to effectively master the system with 1 to 3 hours of practice. Similarly,
Gopher and Eilam (1979) taught the Alpha-code (in Hebrew) to fighter pilots who {
mastered it quickly and went on to successfully operate it during a simulated
flight mission.

ANALYSIS OF THE DATA ENTRY PROCESS ;

In addition to both field evaluations and laborat~ry expe>iments, a number
of analytical efforts have been performed in the a~ : < ¢ data _:try. These ef-
forts have produced practical tools for aiding in t .© design of data entry pro-
cedures. Two of these efforts have provided the analytic tools necessary for
discovering and evaluating error prevention techniques. The other efforts cre-
ated a quantitative model of the data entry process. This model can be used to
inexpensively simulate, and thus evaluate, alternative designs for the data
entry process in the TOS.

Error Analysis

Nawrocki, Strub, and Cecil (1973) developed an error analysis technique
based on comparing the entered messages with perfectly accurate messages. Any
mismatches or discrepancies between corresponding entries were defined as er-
rors. The errors were then categorized according to the type of failure that
occurred in the inputting process (e.g., omission, commission). This technique !
for error analyses was first applied to the data obtained in two experiments
performed by Strub (1971, 1975). Examination of these data revealed that three
error categories--omission of an appropriate entry, commission of an inappro-
priate entry, and glossary (i.e., "selecting an inappropriate entry from among
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ALPHA-DOT TABLET CODE
ARLZDERNSHI
KLMNOFE QK ST
MNVINXY. Z .00
PR WA K

DATA ENTRY
SURFACE —|

ALPHA-DOT DATA ENTRY DEVICE-TABLET TYPE
ENTERING THE LETTER ‘v

RRAN

ALPHA-DOT KEYBOARD

Figure 6. The Alpha-dot code and two types of entry devices.
(sidorsky, 1974, 1979)
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a glossary of potential entries available to the operator™)--accounted for about
80% of the errors. Yet these three categories represent errors which cannot be
detected by computer edit-and-validate routines. Alsc, error rates were found

to vary as a function of the type of message being processed. "Enemy activity
messages produce a higher error rate than friendly messages and the bulk of
this difference is in the category of omissions.” The need to reduce this

high, undetectable error rate has provided the impetus for work on identifying
both the sources of errors and how errors can be countered.

The prevention and remediation of input errors was approached by Mace,
Harrison, and Sequin (1979). Through the creation of a taxonomy, these authors
sought to identify ways which input errors are made as well as ways by which
they can be prevented. The report consists of four basic components: a scheme
for error classification, a determination of the constraints imposed upon error
remediation, an investigation of the design changes which might result in a re-
duction of errors, and a methodology for assessing the cost-effectiveness of
alternative remedial actions. Each of these components are discussed later. A
sample analysis is shown in Table 3. Mace et al. categorize input errors ac-
cording to a number of dichotomous variables. For example, an input error can
be one of either omission or commission; it can either be caught by the internal
edit program or it cannot; it can involve either a quantitative or a verbal
statement. By first explicitly identifying the nature of input errors, the
authors can go to discuss means by which their numbers can be reduced.

Before viable remedial steps are devised, the system constraints must be
determined. All corrective actions are not necessarily feasible. The task and
design of the system place limits on what changes can be made. Two facets of
system constraint are considered: (a) external influences such as the unit's
size and weight limitations; mobility; temperature, dust, and humidity; sup-
portability, reliability, and maintainability, and (b) internal influences con-
cerned with distinctly human factors (e.g., operator ability, training, and
experience).

Having determined the types of errors and the system constraints, alterna-
tive means by which to reduce the number of errors can be considered. Possible
design changes are revised formats, improved abbreviations, changes in the input
language, display of the default values, etc. Mace et al. caution against over-
zealousness in instituting a change for the purposes of eliminating errors.
"Elaborate error prevention and detection procedures may have a negative impact
on system responsiveness which may in turn negatively impact on user acceptance
and the production of errors from boredom or lack of confidence with the
system."

Having settled on a possible preventive or remedial action, a system de-
signer must analyze the prospective costs and benefits involved in its imple-
mentation. Mace et al. provides a step-by-step description on how to perform
this analysis using Multi-Attribute Utility Measurement (MAUM). The end prod-
uct of the procedure is a utility value. In deciding between a number of al-
ternative corrective actions, the system designer will choose the one which
results in the largest utility value.
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Simulation

The development and testing of a new system is an expensive endeavor. 1In
order to reduce the costs involved in evaluating alternative designs and pruce-
dures, MANMODEL, a computer simulation of the data entry process was developed
with ARI support. MANMODEL focuses on system tasks and procedures in an effort
to estimate performance as it pertains to data entry. By varying input param-
eters, MANMODEL permits system designers to explore the effects on the data
entry process of changes in manning levels, training, personnel selection and
other factors. Thus, MANMODEL helps identify problem areas and provides a
technique for evaluating potential solutions in a simulated context.

MANMODEL is based upon a qualitative model of system performance developed
by Baker (1972b, 1976) and Baker and Ringel (1968).

The model has been developed along three basic dimensions which
are reflected in Figure 7. The first, that of data flow and the
processing it requires, constitutes one dimension of importance.
Hence, it is critical to "flow chart" the sequence of events or oper-
ations that constitute the logic of the system under examination. . . .

For the second dimension, Task Analysis, each event in the data
flow sequence is examined with respect to the task-equipment inter-
actions that constitute that portion of the operator's job. . . .
Essentially, a task analysis consists of the enumeration of the dis-
criminations, decisions, and action responses which are necessary and
sufficient to operate each component of the system.

The third dimension refers to outside sources of variation which
are normally considered external to the man-computer system, for ex-
ample, the impact on system performance when level of training is
varied. . . . (Baker, 1976, pp. 7-8).

A MANMODEL run begins with the generation of a gueue of incoming messages.
Through a stochastic process, the speed and accuracy with which these messages
are processed is simulated. Along the way, numcrous variables relating to op-
erator performance (e.g., stress, fatigue) are calculated. (A sample listing
of both the input and output variable used by MAN.:ODLL are shown in Table 4.)
At various points in the simulation, output reports are available to describe
the status of the data entry process. These reports include such information
as to how backed up the message queue is, what percentage of the time the oper-
ators are busy, etc., (see Table 4). A smull sample of the simulated data that
is generated by MANMODEL is shown in Figurc 8. The simulated data shows the
number of messages that have been received, backlogyed and cither completed,
rejected, or interrupted by two types of data entry personnel (G3 action offi-
cers and IOD operators). Further insight into MANMODEL can be gained by inspoec-
tion of the sensitivity tests perform«d on it. Figure 9 shows the predicted
relationship between type of operator, level of operator skill and mean number
of messages which are completed as opposed to messages that are carried over
from one shift to another. A complete description of how MANMODEL operates and
the data that it produces can be found in the following documents: Siegel,
Wolf, and Leahy (1977); Siegel, Wolf, Leahy, and Bcarde (1977); lLeahy, lLautman,
Bearde, and Siegel (1977); and Leahy, Siegel, and Wolf (1979a, b).
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Sample Input Parameters and Output Options
Available with MANMODEL

Table 4

Input parameters

Output options

Simulation: Run title, number of
iterations, output print options.

Systems: Personnel per duty posi-
tion, shift duration, correlation
and relative weights of effective-
ness components, etc.

Function/Tasks: Tasks/duty level,
criticality, segment delimiters,
branching, performance time and
errors, etc.

Personnel Characteristics: Speed,
precision, stress threshold, level
of aspiration.

Message Characteristics: Number of
messages, messadge length, frequency
by type and priority, error rate by
type, etc.

Error Message: Vocalic center
groups, search options, random walk,
etc.

Interruption/Transmission:
hour, frequency, etc.

Time,

Computer System Characteristics:
System delay time/queue, number of
entries, etc.

Effectiveness Run Summary: Thor-
oughness, responsiveness, complete-
ness, and accuracy with overall
efficiency for each hour.

Manpower Utilization: Proportion of
hour worked, messages processed and
mean time, final stress and aspira-
tion, and overall mean for each hour.

Workload Summary: Message backlog
and messages delivered, completed,
rejected, and interrupted by person-
nel type for each hour.

Time Segment Summary: Time and pro- |
portion of total for each segment,

message type and priority over each

hour.

Error Message Processing: Mean time
spent responding to and processing
error messages by each personnel
type.

Error Run Summary: Number of error

returns, information loss and number
of message units for each hour and
message type.
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Sample run summary from MANMODEL.
(Siegel, Wolf, and Leahy, 1977)
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For the system designer, MANMODEL offers a low cost tool with which to ex-
plore a large variety of design alternatives. By way of illustration, consider
a situation where a proposed system design produces ineffective performance
during a simulated run. Examination of the simulation data might indicate that
it is the system's responsiveness (as opposed to thoroughness, completeness, or
accuracy) which is responsible for the poor performance. The average message
handling time and the average queue time are both excessive. A continued exam-
ination of the simulation data might also show that personnel are busy a high
percentage of the time. The system designer can now examine the remainder of
the data in an effort to determine the probable cause of these events. For ex-
ample, an inspection of the Error Run Summary might indicate that the system's
error correction procedures are a drag on the system. To remedy this, the sys-
tem designer might consider a variety of corrective measures such as: improved
operator training (Gade et al., 1978); improving the input procedures (Fields
et al., 1978; sidorsky, 1974); modifying the procedures so as to reduce the
number of undetected errors (Strub, 1975); or reducing the cognitive load
(Nystrum & Gividen, 1978). Each of these candidate solutions may be simulated
on MANMODEL and the anticipated performance benefits compared on the basis of
overall system requirements and cost of implementation.

MANMODEL was initially developed for use on a large scale computer with
batch processing. However, the program has since been modified to allow on-
line manipulation of input parameters as well as control over program execu-
tion. Additional improvements and enhancements that have been made to MANMODEL
include the simulation of the error correction process and the acceptance by
MANMODEL of data provided by a prior simulation of the communication network
(Leahy et al., 1979a, b). 1In the latter case, the human performance predictions
made by MANMODEL are then used as input parameters for a simulation of a tacti-
cal operations system. A computer-experimenter-subject interactive mode has
also been developed (Leahy, Lautman, Bearde, and Siegel (1977); Siegel, Wolf,
Leahy, and Bearde (1977)). This permits the simulation to make use of actual,
real-time data provided by a subject-operator who is interacting with the sys-
tem. In this mode, subjects perform system tasks and their data are reduced
and treated statistically for use in the simulation.

In summary, MANMODEL provides an evaluative vehicle for comparison of al-
ternative system configurations, operational procedures, and personnel charac-
teristics (e.g., training, aptitude, motivation). It also permits the system
designer to identify and manipulate critical human factor parameters, to empir-
ically investigate design alternatives, and to determine critical issues.

GENERAL DISCUSSION

Research on the data entry process has been responsible for refining the
input procedures and improving the transform operation in battlefield automated
systems. Of the seven experimental studies cited in this paper, the recommen-
dations of three have already been implemented and the recommendations of two
others are currently being considered. However, in spite of considerablec prog-
ress, the basic parameters of the data entry process have not been fully defined
or investigated. One reason for this shortcoming is the lack of compatibility
in the message formats (stimuli), personnel and other factors used in the vari-
ous experiments reported above. This lack of compatibility betwecn experiments
makes it difficult both to reconcile conflicting findings and to formulate a




total theory from the individual findings. Some of the factors which have been
found to vary greatly from experiment to experiment, and which thus led to this
situation, are listed below.

1. Measurement of input times--No apparent consensus has been reached as
to how to measure data entry times. Some experiments report the time required
to input an entire message while others report only the time required to per-
form discrete parts of the data entry. The time measures used are specific to
the experimental objectives and depend upon task characteristics. They are not
amenable to cross comparison or even to a chronometric approach of additive
task times without caveats for cautious interpretation.

2. Stimulus set--Depending upon the message formats (e.g., to make a
change in the data base vs. query the data base) and message type (e.g.,
"friendly" vs. "enemy" messages) used as stimuli in an experiment, different
error rates will be observed. This makes it difficult to compare experiments
that use different classes of stimuli.

3. Instruction set--Although this variable is difficult to assess because
it is not reported in detail in all studies, it is obvious that some research
(either implicitly or explicitly) emphasizes accuracy over speed while other
research gives equivalent weights to the two. None of the experiments appear
to emphasize speed over accuracy. The results of many of the experiments re-
ported above may have been affected by the ability of operators to trade-off
between speed and accuracy, giving emphasis to one or the other (Howell &
Kriedler, 1963). On a related matter, Baker (1963) recommends the use of pro-
grammed-instruction techniques so as to eliminate "delivery of instructions" as
a variable within an experiment and also to eliminate experimenter bias in the
delivery of instructions.

4. Effect of practice on operator performance--Evidence indicates that
the performance of data entry tasks shows improvement with practice over periods
at least two years long (Klemmer & Lockhead, 1960, 1962a, 1962b). 1In addition,
the actual mode of operation and the abilities used in entering data change
with practice and with performance improvement (Fleishman, 1960, 1965; Leonard
& Newman, 1964). Well skilled data entry operators use the redundancies in the
input data to encode those data into "higher order units" which are then proc-
essed as wholes; on the other hand, unskilled operators use a character-by-
character mode of entry (Seibel, 1972). For some research, the nature and ex-
tent of the practice and the training of the subjects was not specified. Thus,
the data entry rates (especially error rates) that are reported may have becn
differentially influenced by the amount of practice provided to the operator
subjects.

5. Variability of subject (operator) samples--The range of operator fa-
miliarity with and expertise in the operation of the TOS system was consider-
able in the different experiments--from officers working on TOS development and
knowledgeable in G3 operations to enlisted personnel with low GT scores and no
prior experience using TOS procedures. This variability may have contributed
to the differences in error rates and data entry times.




6. The type of input device--Extensive reviews (Alden, Daniels & Kanarick,
1972;: Seibel, 1972) have shown that error rates and data input times may vary
as a function of the data input device. Although the standard "QWERTY" key-
board, usually employed in a CRT terminal, was used most often, other devices
such as a keyboard without a CRT or handwritten messages were also used in some
experiments.

A second shortcoming in the present research was the lack of focus on the
basic distinction between the dynamic cognitive processes that are involved in
a task (such as retrieving information from memory and using it to transform a
message) versus the relatively mechanical aspects of a task. Fields et al.
(1978) acknowledged this distinction, at least implicitly, when they noted that
their "menu" format method yields fewer errors on an input task than does vari-
ous typing methods. They attributed this to the possibility that fewer errors
will occur because the use of menus places a smaller cognitive load on the
user, as it requires the use of recognition memory rather than recall memory.
Two ways by which errors can be made while translating information into com-
puter readable forms are: (1) the problem of forming a correct concept of the
information and (2) the problem of inputting properly formatted information
based on a correct concept. Attributing errors to one of the two causes men-
tioned above becomes difficult when the experimental paradigm confounds cogni-
tive processes with rote motor behavior. If the basic parameters which affect
the cognitive versus motor aspects of the data entry process are delineated,
differential weightings (e.g., as a function of task or input device) may be
both experimentally and then operationally assigned to them. Isolating the
cognitive versus motor aspects of the data entry task and assessing the vari-
ables which impact upon them is a potentially frujitful area of research. ]

Other potential areas of research are the linguistics of user-computer
communication, training methods, operator selection techniques and keyboard
design. With regard to this last item, the current state of the art seems to
accept the QWERTY keyboard as standard in spite of evidence to indicate that
other keyboards may just be as, if not more effective for certain types of
tasks. Research on the technical parameters of keyboards (Alden et al., 1972)
and the characteristics of keyboard operators may lead to rapid improvement in
the data entry process. Finally, rescarch should consider the emerging tech-
nology for computer input and output of speech coupled with the apparent bene-
fits of entering data at the source (i.e., observed on the battlefield).

TP

SUMMARY AND CONCLUSIONS

A number of ARI research studies have investigated techniques for improv-
ing the 7T0S data entry process through procedural and hardwarc changes. Many
of these studies report reductions in the time required to enter data and/or
reductions in the error rate. The degree to which this research program has
improved performance is shown in Figure 10. The more important findings and
operational implications that can be derived from this program are listed
below.
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The number of different formats used in data entry should be reduced
through possible consolidation. Previous TOS designs have contem-
plated using up to 500 different formats. Such a large number of
choices makes it difficult for the operator to properly select the
appropriate format. (This recommendation has been implemented.)

The transformation and input of the TOS message should be performed by
a single operator and as a single operation. The intermediate step of
completing a paper format as well as the role of an action officer are
redundant, error contributing and should therefore be eliminated.
(This recommendation has been implemented.)

Menu selection is the superior technique for data entry. However, one
must still determine the most efficient form for setting up a menu.
(This recommendation is being implemented.)

Message formats are best designated by the use of all-letter code as
opposed to a mixed alpha-numeric code. (This recommendation has been

implemented.)

Flexibility and cost efficiency in the design of data entry systems
can be achieved through improved computerized modeling. MANMODEL rep-

resents a case in point. (This recommendation has been implemented.)

Response-sensitive training (where the training session automatically
adjusts to changes in the operator's performance) is an effective
method for reducing training time without sacrificing input accuracy.
However, the decision on whether to implement such a training tech-
nigue requires an analysis of its cost. (This recommendation is under
consideration.)

The aAlpha~dot Keyboard provides an alternative data entry device for
use by frontline observers on the battlefield.

Approximately 80% of all data entry errors are not detectable by com-
puterized error detecting routines. Better human factors design and
improved training techniques are required on battlefield automated
systems. Improved error taxonomies are useful for this purpose.

30




REFERENCES

Alden, D., Daniels, R., & Kanarick, A. Keyboard design and operation: A review
of the major issues. Human Factors, 1972, 14, 275-293.

Alderman, I. N. Tactical data inputting: Research in operator performance and
training. Proceedings of the Second National Symposium on Measurement of
Data Elements in Information Processing. (Washington, D.C.: NBS/ANSI,
19706).

Baker, J. D. Programmed instruction as a methodological tcol in psychological
research. Journal of Programmed Instructions, 1963, 2, 19-23.

Baker, J. D. Acorns in flowerpots/psychologists in the field. JSAS Catalog of
Selected Documents in Psychology, 1972, 2, 88-89. (Ms. No. 191) (a)

Baker, J. D. Quantitative modeling of human performance in information systems
(Technical Research Note 232). Alexandria, Va.: U.S. Army Behavior and
Systems Laboratory, June 1972. (NTIS No. AD A746 096). (Also in Ergo-
nomics, 1970, 13, 645-664.) (b)

Baker, J. D. Modeling the User. Proceedings: NATO Advanced Study Institute
on Man-Computer Interaction, September 1976. (Also in B. Shackel (Ed.),
Man-Computer Interaction. Amsterdam: Sijthoff & Noordhoff International
Publishers, in press.)

Baker, J. D., Mace, D. J., & McKendry, J. M. The transform operation in TOS:
Assessment of the human component (Technical Research Note 212). Alexan-
dria, Va.: U.S. Army Behavioral Science Research Laboratory, August 1969.
(NTIS No. AD A697 716).

Baker, J. D. & Ringel, S. Human factors experimentation within a Tactical Op-
erations System (TOS) environment (Research Study 68-4). Alexandria, Va.:
U.S. Army Behavioral Science Research Laboratory, October 1968.

Fields, A. F., Maisano, R, E., & Marshall, C. F. A comparative analysis of

methods for tactical data inputting (Technical Paper 327). Alexandria,
Va.: U.S. Army Research Institute for the Bchavioral and Social Sciences,
September 1978. (NTIS No. AD A060 562).

Fleishman, E. A. Abilities at different stages of practice in rotary pursuit
performance. Journal of Experimental Psychology, 1960, 60, 162-171.

Fleishman, E. A. The description and prediction of perceptual-motor skill
learning. In R. Gleisner (Ed.), Training Research and Education. New
York: Wiley, 1965.

Gade, P. A., Fields, A. F., & Alderman, I. N. Sclective feedback as a training
aid to on-line tactical data inputting (Technical Paper 349). Alexandria,
Va.: U.S. Army Research Institute for the Behavioral and Social Sciences,
November 1978. (NTIS No. AD A06l1 789).

31




Gopher, D. & Eilam, Z. Development of the letter-shape keyboard: A new aj.-
proach to the design of data entry devices. Proceedings of the Human
Factors Society, 23rd Annual Meeting, October 29-November 1, 1979.

Howell, W. & Kriedler, D. Information processing under contradictory instruc-
tional sets. Journal of Experimental Psychology, 1963, 65, 39-46.

Klemmer, E. & Lockhead, G. An analysis of productivity and errors on keypunches
and bankproof machines (IBM Research Report RC-354). Yorktown Heights,
N.Y.: Thomas J. Watson Research Center, November 1960.

Klemmer, E. & Lockhead, G. Productivity and errors in two keying tasks: A
field study. Journal of Applied Psychology, 1962, 46, 401-408. (a)

Klemmer, E. & Lockhead, C. Further data on card punch operator performance
(IBM Research Note No. NC 39). Yorktown Heights, N.Y.: Thomas J. Watson
Research Center, 1962. (b)

Leahy, W. R., Lautman, M. R., Bearde, J. L., & Siegel, A. I. A digital simula-
tion model of message handling in the Tactical Operations System: III.
Further extensions of the model for increased interaction (Technical Re-
port 77-A25). Alexandria, Va.: U.S. Army Research Institute for the Be-
havioral and Social Sciences, October 1977. (NTIS No. AD A047 105).

Leahy, W. R., Siegel, A. I., & Wolf, J. J. A digital simulation model of mes-—
sage handling in the Tactical Operations System: IV. Model integration
with CASE and SAMTOS (Technical Report 413). Alexandria, Va.: U.S. Army {
Research Institute for the Behavioral and Social Sciences, October 1979.
(NTIS No. AD A036 450). (a)

Leahy, W. R., Siegel, A. 1., & Wolf, J. J. A digital simulation model of mes-
sage handling in the Tactical Operations System: V. User's guide to the
integrated MANMOD/CASE/SAMTOS computer simulation (Technical Report 414).
Alexandria, vVa.: U.S. Army Research Institute for the Behavioral and So-
cial Sciences, October 1979, (NTIS No. AD A086 355). (b)

Leonard, J. & Newman, R. Formation of higher habits. Nature, 1964, 203 (4944),
550~551.

Mace, D. J., Harrison, P, C. Jr., & Sequin, E. L. Prevention and remediation
of human input errors in ADP operations (Technical Report 395). Alexan-
dria, Va.: U.S. Army Research Institute for the Behavioral and Social
Sciences, August 1979. (NTIS No. AD A08l1 730).

Nawrocki, L. H., Strub, M. H., & Cecil, R. M. Error categorization and analy-
sis in man-computer communication systems. IEEE Transactions on Reliabil-
ity, 1973, R-22, No. 3, 135-140.

Nystrom, C. O. & Gividen, G. M. Ease of learning alternative TOS message ref-
erence codes (Technical Paper 326). Alexandria, Va.: U.S. Army Research
Institute for the Behavioral and Social Sciences, September 1978. (NTI1S
No. AD A061 697).

32 '




Ringel, S$., Vicino, F. L., & Andrews, R. S. Human factors research in command
information processing systems (Technical Research Report 1145). Alexan-
dria, Va.: U.S. Army Personnel Research Office, March 1966. (NTIS No.
AD 634 313).

Seibel, R. Data entry devices and procedures. In H. vVanCott and R. Kinkade
(Eds.), Human Engineering Guide to Egquipment Design. Washington, D.C.:
American Institutes for Research, 1972.

Sidorsky, R. C. Alpha-dot: A new approach to direct computer entry of battle-
field data (Technical Paper 249). Alexandria, Va.: U.S. Army Research
Institute for the Behavioral and Social Sciences, January 1974. (NTIS No.
AD 774 841).

Sidorsky, R. C. Source data automation via the Alpha-dot tablet: A feasibil-
ity study (Working Paper 79-07). Alexandria, Va.: U.S. Army Research
Institute for the Behavioral and Social Sciences, June 1979,

Siegel, A. I., Wolf, J. J., & Leahy, W. R. A digital simulation model of mes-
sage handling in the Tactical Operations System: I. The model, its sen-
sitivity, and user's manual (Technical Report 72-A23). Alexandria, Va.:
U.S. Army Research Institute for the Behavioral and Social Sciences,
October 1977. (NTIS No. AD A047 104).

Siegel, A. I., Wolf, 3. J., Leahy, W. R., & Bearde, J. L. A digital simulation
model of message handling in the Tactical Operations System: II. Exten-
sions of the model for interactivity with subjects and experimenters

(Technical Report 77-A24). Alexandria, Va.: U.S. Army Research Institute
for the Behavioral and Social Sciences, October 1977. (NTIS No. AD A046
407) .

Strub, M. H. Evaluation of man-computer input techniques for military informa-
tion systems (Technical Research Note 226). Alexandria, Va.: U.S. Army
Research Institute for the Behavioral and Social Sciences, May 1971.

(NTIS No. AD 730 315).

Strub, M. H. Automated aids to on-line tactical data inputting (Technical Fajer
262). Alexandria, Va.: U.S. Army Research Institute for the Behavioral
and Social Sciences, February 1975. (NTIS No. AD A010 350).




DISTRIBUTION

— - - T s " ot 1 o b i s ot e b e b et N\ e ht N b ikt s e e e e B ) S ot ot

US AnMY WESTERN COMMAND ATTN: APPE

DEPATMENT OF THE NAVY TRAINING ANALYSIS ANU EVALUATION GROUP
HQUA ATTN: DAAG=ED

Hude (CATA ATTN: ATCAT=0P=y

HUDA  RESEARCH an) STULIES OFC

MILIJARY OCCUPATIONAL VEVELOPMENT LIV paPC=MSW=U, RM RG52C HOFFMAN BLDG 1
0ASD (MRA AND L)

HQUA ATTN: DAMU=RUR

HA TLATA TECHNICAL LIBRARY

HUUA OUCSPEKR

US<AuCOs STC

HUUA  ATTN: DAM]I~[SI

USA WVIATION SYSIEMS CUMD ATTN: DRSAV=ZDR

USA (URADCOM ATTIN: AMSEL=PA=RH

USA uRRADCOM ATTN: ATFE~LO=AC

HEAUWUARTERSs US MARINE CURPS ATTN: CUDE MPI=-20

US AxMY EUKOPE AND SEVENTH ARMY

1ST ANFANTRY DEIVISION ANU FTe wilkEY ATTING AFZIN=UPT=T

USA INTELLIGENCE aND SECURITY CUMMAND ATIN: JAOPSeTNG-T

HQ TwADOC TECHNICAL LIBRARY

NAVAL TRAINING EWJIPMENT CEN ATIN: TECHNICAL LLIBRARY
MILI1ARY OCCUPATEINAL UEVELOPMENT DIRECTORATE ATTN: ATZI=NCH=MS=M, KM 3N33 HOFFuAN BLOG II
NATA ANALYSIS UIVISION ATIN: alZl=NCA=M), HOFFMAN BLDG 11
USA mILPERCEN ATTN: DAPC=POU=T

USAFuCFA CHIEF s ORGANIZATIONAL EFFECTIVENESS SRANCH

ATH INFANTRY pIvISION |
HQDA ARMY FORCE JYODERWIZATIUN CUURUDINATION OFRICE

NAVAL AIR SYSTEM COMMANU 7/

NCSOrS (DIST 4) ATTN: DAMU=ROU]

1230 USARCOM HESERVE CENTER

US AxMY SOLDIER SJUPPURT CENTER /

DIRELTORATE OF AKMUR AVIATION ATIN: AT/K=AAU

USAARMC ¢ FTe KNUX  AVIATION UIVASION

USA rORCES COMMAND AFIN = DePuTvy C OF S FOR INTELLIGENCE
USA rORCES COMMAND AFOP = DEPyUTY CHIEF OF STAFF FOR QPERATIONS
uUS AwMY AIR DEFENSE SCHOUL ATTNI ATSA=QTOD

DIRELTORATE UF TRAINING ATINg AlZu=-T

DIRECTORATE OF COvVBAT LEVELOPMENTS ATTn: ATZQeD

HOQDARCOM MARINE CORPS LIAJISUN UFC

DEPARTMENT OF Trht ARMY US ARMY INTELLIGENCE ¢ SECURITY COMMAND
US AwMY SAFETY CENTER ATIN: LIBRARIANs RLDUG 4905

USA mISSILE COMMANDG ATTN: DRSmieNIN

US ARMY CECOM ATTN: DKSEL-ATULD

USa rORCES COMMAND

PM THADE /

US M LITARY DISTRICT OF WASHINGTUN OFC OF EQUAL OPPURTUNITY
NAVAL CIVILIAN PEISONNEL LUML  SUUTHERN FLD Ulv

ARI LIAISUN OFFICE

TTH aRMY TRAINING COMMANU

HU USAREUR ATTn: DCSOPS

H@A. OCS STULY JFFICE

UeSe NAVY TRAINING ANALYSIS tvALUATION GROUP

USACUEC ATTN: ATEC=EX=E HUMAN FACTORS

USAF aG0S/TAC SENIJUR ARMY ADV]SUR

INTEx=UNIV SEMINAR] ON ARMELU FORCES ¢ SUC

USA eLECTRONIC WMHIVING GROUND ATTN: STEER=MT=ES

NASA (RDA) DEPUTY FOR SCIENCE AND TECHNOLOGY

OFC uF NAVAL RESEARCH /

AFHRLZLRT

AFHRL/LRLG

AIR rORCE HUMAN RESOURCES LAB ATTN: AFMRL/TSR

35




e e o o - e - . - o -~ ————— — — ——— - ot - — — it ot | ot ol et s

"-"'-'-...l-"""""""I-lIlllulll---------uzzrql

FEDEnAL AVIATIUN aUMINISTRATION CENTRAL REGION LIHRARY, ACE=66

AF AMkL /BB

AF AMrL/HE

NAVAL PERSONNEL K ANU U CenTer COMMAND AND SURPURT SYSTEMS

NAVY PERSUNNEL ¢ aND D CENTER 7/

NAVY PERSUNNEL 2 AND U CENTER UIRECTIIR OF PRUGRAMS

NAVY PEKSONNEL w~ adhu D Ceinigr 7/

US AxMY AVN ENOINZERINL FLIGHT ALTIVITY ATIN: DAVIE-TD

OFC uf NAVAL RESEARCA  PERSONNEL AND THAINING RESEFARCH PROGKAMS
NAVAL PERSONNEL K + U CENIER /

OFC ufF NAVAL REstARCH  PRUJELT UFFICERs EnVIRUNMENTAL PHYSIULUGLY
erT, OF NATIONAL DEFENCE  OEPERNCE AND CIvIL INSTITUTF OF ENVIR MED
NAVAL AERUSPACE MZIDICAL ROCH LaD  AEKISPACE PSYCHOLUGY DEPARTMENT
USA |RADOC SYSIEMS AnNALYSLI> ACTLIVITY ATTw: ATAA=TCA .

HEADJUARTERSY CLHAST GUARL  CHILFFs PSYCHOLOGICAL KSCH Rp

USa RESEARCH AN TECHANULOLY Lar 7/

USA e NOINEER TURPULKRAPHIC LaBS ATIN: ZiL-SL

USA ENUINEER TUPUGHAPHLILC LABS ATTN: STINFO CENTER

USA e NOINEFR TUROSGKRAPHIC Lags ALIN: clia1D=S

USa mOHILLTY FuglomeNT R AND U CUMD Al T DRUME=TO (SCHOOL)

nloHy VESION L ATING UKSEL=NV=SU0

UV IRALNLING HUuar)  ATINS ATTu=AlD~-TA

US~ nUMAN ENOINFERINO Lab

HUSARrL LLIAISUN «t P46 USAAVNL  /

USA «ATERLIFL SYs5IzMS-ANALYSIS aLTIVITY aJTN: URXSY=C

USa mweStAxCH OFC  /

NAFEL  HUMAN eNGIVEERINO BRANCr

BATTeLLE=COLUMB 1> LaguraTU]ES  TACTICAL TECHNICAL VFC

USA akCTIC TEST Cinv ATINSG AMSTEeRL=]> {
USA LULLD REGLIDONS TEST Cew  AlTING STECR=yup

USA LUONCEPTS ANALYSLS abLY AjIhN: LsCa=roP

US A CUNCEPTS anNabySIs AoCY  ATTNEG (S5CAR=y¢

W wWrALR DIV VP NEUROPSYORTAT WY :
USACACDA  ATING ATZL=CaL=itL :
USACuCDA  ATING AT/ZL=CACeim :
USACHC  ATTNI wT¢_=CAC=[A

USACalAa  ATTNS ATZL=CaAL=A

US\V eLECTIRONLIC wARFARE LAt Crpbby Inlel IGENCE MATER REVEL ¢ SUPP OFF

US4 wSCH DEVEL ¢ STANDARUIZA vure UK,

USA <bSLAKCH At peveluPMenT Laud  Crikr, BEHAV SCIENCES UlVe FOOU SU| LAG
TRAJaANA  ATTHNS SAJS=UK

NAVAL ALK SYODTL S COMMaNU  ATTud AlR=33)4

FCOM ATIN: AadrL=LT=y

OSACuEC  TeCHNLea, INFURMAal July LENTEN

s aAxl L IvRARY 4
HUMANY REDSULRCEDS K3(H UKy (MUMKRU) /

SEvIiLE RESEARC TUKPUOKATLIUN

USAa KADNC SYSHe S ANALYSIS ACTLIVINY  AfTfry: AVTAA=SL (TECH ( 1BRARY)
UNIFURMED SERVICES UNLT Ur Tt BEALTH 3C1  UELPARTMENT OF PSYCHIATRY
USA COMPUTER SYSTEIMS CuMmanty  allINS CIMaaD TECHNICAL | IBHARY H=9
NS48,y RESULKCED HSLH Ut (nUM~RY)

A0 L IRKARY

FUSTS DIRECTORAIE e USAAMKDL  TECHANTCAL | IHRARY

HA i) CORPURAT U,/

HAAD COKPUORATIVU T ATTN: LioRAxY U

FE RwAL AVIATIO ADMINEdIHRAT RO ATINS (A'] LIBRARY ACC=440]

MAFEL LIHBRAKY, Ana=69

GRONENGER L JBRACY  ATTH: AT LP=wd=L HLJL 3413

ChvleR FOR nNAYAL ARALY LS

NAVA) HEALTH wOLH LEW  LlibwAkKy

Navar ELECTROUNLLD (A8 ATine W DEARCH L ]axARY

NAVAL PERDONNEL m~ anNuU b ey LinnarY Al 2 COUE P06

36 '



— o e - —— - - o — o - o - — " — | ot b ot b et ot

-

- e w  — -

AIR rORCE HUMAN RESOURCELS LAY ATTN: AFWRL/0OTS

Hde rTe HUACHULA ATIN: TELH RFF D1V

USy wCADEMy OF wHEALTH SCIENCES STIMSUN | IBRARY (HOCUMENTS)
SCHOuUL OF SYSTLAS ANU LOGLISTICS 7/

USaMeRDC TECHiNICAL LIbRrARY

DEPATMENT OF Frt NAVY THRAININO ANALYSIS ANU EVALUATION GP
NATIUNAL CENTER FOk AdeaLTr STATLISTICS

USYA  DEPT OF brHAvIURAL SCI ANU LEADERSHIP

OLu UUMINION UN[VERSITY PecRFURMANCE ASSESSMENT LABORATORY
USa LOMMAND ANV OENERAL SIAFF CULLEGE ATTN: LIBRARY

USA |RANSPORTATIUN SCHUUL USA TRANSP TecH INFO AND RSCH CEN
NASA HG /

NM<DL  PRUGRAM MANAGEK FUR HUMAN PLRFIRMANCE

MAVAL MEUDICAL ® ANU U CUMMANUD (44)

USG WwUMINCEN  TrCHNICAL KESEARCLH BRANCH | jHKARY

HUDA  USA meb R34 AND vevel CukMAND

USa rIELD ARTY L 7/

NAY LLEARINGHOUSE FOR MENBAL Hr ALTH [NFQ  PARKLANN BLDG

) OF TEXAS CEN FIOR COMMUNLICATJUN KHSCH

INSTLTUTE FOR LRFINSE ANALYSLES

USA 1RAINING SUPPIRT CenNler  ATINS ATIC=nST=PA

akHRL TECHNMOLOOLY JFC (R)

PURDOE UNIV  DErT OF PSYCHUOLUGICAL SClENnCES

USa wUBLILITY EWI2MENT R aND U CUMMANU  ATTN: URUME=ZG

Hue USA MUW AJIN: ANPE=UL

A U> ARMY RETRAININGO But REStARCH + EvaLUATION pIVISION
CALSPAN  HUMAN FACTORS ANU TRATNING CENTER

USY wbRUMEDICAL HISEARCH LAY SULIENTIFLIC (NFURMATTION CENTER
UsafF SCHOOL OF acUSPACE mMeulCINE  AeRUMEODICAL LLIBRARY (TSk=4)
US MiLITARY ACACEMY DebTe OF HISTURYs SLDG o001

USA aNTELLTuvenGY TeN AND >CH  ATING SCHOOL LISRARY

Usa INTELLIGENCE CEN AnU StLH allne ATlSl-hp

MAdlwtk CURPS InslITule

NAvay. SAFETY Ckulswk 7/

USAAVNC AND FTe RJCKER AFTIN: allu=tS

US AnMY AVN TNL LIHRARY ATTN: CHIEF CLlsraRIAN

HSAAWNC  ATINS ATZ7u-v

1S MaLITARY ACA LMY  DIRKELIUR uF INSTLITUT[ONAL RSCH

USa alR UDEFENSE >CHOUL ATIN: aldA=Cyu=My
USaALuS=LIKARY=,OCUMENTS

USA alk LEFENSE bBOARL  allINS FILES REPUSTTORY

USa INFANTRY 8UAK) ATINS AT v-lb=AL

USA INTELLTIOGENCE Cetv Anw SCH aliNS ATS—nT=SFL

HSA URUNANCE Ceo aNU SCA  ATTIN: aTlSLeTUu=TaC

USA aRMUOR SCHOUL ATTIN: AlZK=14.

USA aRMOR CENTES DIRECIUHaTE oF CUMHAL |)F VELURMENTS .
NAvAL POSTGRApUATZ SCH ATING OUULEY ANJx LIBRARY (CUpF 1424)
1S4 IHANSPORTATIUN SLRUDL  LEPLTY ASSTe (OMMANDANT EUCAe TECHNOLUGY
USA 3I0ONAL SCHUNL ANUD P Te OORUON  ATTNS ATZH=LT

USa wHMUR CENTEw o Fle RNUK UbFICE OF Aw10R FORCE MGT o STANUARDIZAVION
Crlér OF NAVAL rvJCATIUN AND TwL 7

154 sToNAL SCHUNL ¢ FT. LURUON  EUDUCATLOrAL TeGHNOLOGY OIVISIUN
He AIC/ZXPID THAINING SYSITEMS e vELUPYMENT

USa sMTELLIGENLE ZEN ANU SULH At IN: AID[ et RM

US ArMmY ARMOK CrntfeN  alING Al /ReTU=pvy

USA WUARTERMAST- R SCHOUL  LIRECTURATE UF TRAINENO URVFLOPMENTS
US CuAST LLAKD ACALEmY /

1S54 THANSPORTAT TUN SCHUOL  LIneLlUKATE OF TRALNING ¢ NOCTHINE
USa tRFANTRY SOHqUIL LIvrAary 7/

1Sy eNFANTRY SCudL ATTNS ATS-i=l=y

S AnMY INFANTHY SCHUUL ATTNS aAlSH=(Y

t9a aNFANTRY SCHuoL al TNt AlSr=uQlag v

37




[
+
et e T he 3o e N, mm b ) e o e N, O\ e e e e e s g e e e b e e e e e

NHIMYE? UF ADDRESSEES 222

ToTaAL NuMBER OF CUrLELS 4y

USA tNFANTRY SCHODL  ATTN: ATSH=tV

USA mP + CHEM SCH/ING CEN + FT, MCCLELLAN ATTN; ATZN-eTS

USa mP ¢ CHEM SCri/TNL CeEN ¢+, MCLLELLAN UIR, COMBAT DEVELOPMENT

Ush wmP ¢ UHEM SCH/TNL CEN + FT, MCLLeLban UIR, TRAINING UEVELOPMENT

USA wP ¢ CHEM dSCr/iNo CEN ¢ FT, HMCCLFLLAN  ATTN: ATZIN-MP=ACL

USa INSTITUTE Ut ADMINISTKATION ATING RESIVENT TRAINTNG MANAGEMENT

USa rIELD ARTILLERQY SCHUOL MORKLS SwelT LIBRARY

USa aiNSTLITUTE UF ADMINLISTRATIUN  ACAUEMIC LIsRARY

USA wAR COLLEGE  ATTN: LIbrARY

USA eNGINEER SUHUIL  LIMRAKY anU LEARNLNG RESUURCES CENTER

USa aRMOR SCHOUL (USARMS)  AlTw: LiBrary

OROANIZATLIONAL tFFeCTLIVENESS CEN ¢ SCH  ATTN: LIBRARIAN

s AnMY INTELLLGENCE CENTEK SCHOOL  ATTN: ATSI=-TR

US AxMY INTELLIGENCE CENTER SCHOUL  ATTN: ATS[=-RM=M

US AxMY INTELLIGENCE CenTER SCHUUL  ATTi: ATSI=TU=-PM

1S AxMY INTELLIGENCE CEulER SLHOUL ATIn: ATSI-cu=Cq

Us AxMY INTELLAGENCE CeEnTEK SLA0D0L ATTw: ATSI=ES

DEPARTMENT OF THe ALK FURLE  AIR UNIVERSITY LIBRARY (ATC)

H TwADOC  TRALWLING UEVELUPMENT INSTITUTF

HRITISH EMRASSY 3Tl veFEnNCE STAFF

CAvALIAN JOINT STafF

COLS (w) Liskanry

FRENGH ARMY aTlaCHt

AUSTRIAN EMBASD>Y  UEFENSEs MILITARY AND AR ATTACHE

CANAulAN UEFENLE _TALSUN STAFF  ATTN: COUNSELLORs DEFENCE R AND D

ROYAL NETHERLAN::> EMBASSY MILITARY ATIACHE

Ca tAulAN FORCES 1ASE CURNWALLILS  ATTHN: PrRSUNNEL SELECTION

CANAULAN FORLEDS PZRSUNNEL APPL KRSCH UNIT

ARaY PERSUNNEL wESEARCH ESTABL I SHMENT |
NE THe KLANDS EMoasSyY  OFFLCE OF Iht AIR AtT1ACHE

1 IMRARY OF CUNLKESS  EACHANGE ANU GIFT Ofv

DEFEWSE TECHNILAL INFORMATION cbEn ATIN: OTIC=UDA=¢ 3
i.14RARY OF CONLSESS UNIT DOCUMENTS EXPERITING PROUECT

US LUVERNMENT PRINTING UFL  LlsKARYe PUn IC DOCUMENTS DEPARTIMENT
1S GUVERNMENT PIINTING OFC  LEI4RARY ANU STATUTORY, LIR uIV (SLL)
THZ ARMY LTHKAKRY ATTN: ARMY STUUVIES SEC

/7 /7

> ¢ o o

38




