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FOREWORD

Svstem Development Corporation (SDC) submits this document to the U. S. Army
Recearch Institute for the Behavioral and Social Sciences (ARI) in accordance
with contract number DAHC19-77-C-0018, '"Continuation of Work to Optimize the
Effectiveness of Command Post Functions: Development of Data Processing
Strategies for Potential Application in the Tactical Operations System (TOS)
and Other Tactical Data Systems.”" Mr. Steven R. Stewart, ARI Field Unit -
Leavenworth, was the Contracting Officer’'s Techni:al Representative.

The research was performed by SDC personnel at Fort Leavenworth, Kansas during
the nperiod 8 February 1978 - 7 February 1979. Project membars were Mr. B. R.
Modisette, Project Manager, and Mr. G. W. Steveas. Mr. Modisette was replaced
as Project Manager by Dr. Robert N. Parrish during .July 1978. Santa Monica
support for the project was provided by: Dr., Gloria Grace, Marearet E. Minton,
Mr. Michael W. Lawless and Mr. Nicholas P. Moelter.

Documents produced for this project are:

TM-6155/001/00, "Research on Software Enhancements For Tactica
Operating Systems: Literature Review," 1 August 1978

TM-6257/000/G0, "Development of Dita Processing Strategies for Potential
Application in the Tactical Operations System (10S) and Other Tactical
Data Systems," 7 February 1979.
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EXECUTIVE SUMMARY

Objectives

The primary objective of SDC's second year of effort under Contract DAHC-19-
77-C-0018 was to develop data processing techniques to enhance the performance
of priority command and control functions not currently supported by TOS or
other tactical data systems. Subordinate objectives were to identify func-
tions most in need of performance enhancement, analyze the data processing

and information management procedures currently used for these functioms,
develop TOS software applications to enhance their performance, and conduct

an empirical evaluation of the applications' utilities.

Selection of Applications

The initial effort consisted of extracting from the final report of the first
yeat's work brief conceptual descriptions of 32 potential TOS software appli-
cations that promised enhancement of the performance of critical division
command and control functions. These applications were screened to eliminate
those that (1) were already under study by another contractor or a government
agency, (2) were not critical to a division's mission or not performed {re-
quently, or (3) did not support a primary staff agency. The applications that
passed these screens were presented to TMO and ARI. Their review resulted in
directon to SDC to further examine Personnel Attrition Prediction, logisti:s
Status Reporting, Areas of Interest, and Courses of Action. Subsequent dis-
cussions between ARI and SDC concludeu that Areas of Interest did not involve
sufficient dsta processing to require TOS support, and that Courses of Action
required resources beyond those available to the project. ARI therefore
recommended that SDC work on Personnel Attrition Prediction and Logistics
Status Reporting, and TMO concurred with this recommendation.

Field Survey

With guidance from T¥0, SDC conducted an in-depth analysis of the selected
functions. During visits to two FORSCOM divisions, SOPs ai all echalons were
reviewed to identify required reports, their contents, instructions for their
preparation, and their frequencies of submission. These reviews were followed
by interviews with 32 administrative and logistics personnel. Additional data
were obtained during visits to selected elements of CACDA and CATRADA at Fort
Leavenworth. The data revealed several problems in performing the selected
functions, which aré highlighted below.

Personnel attrition prediction. The primary purpose of personnel attrition
prediction is planning for replacements. However, attrition forecasts are
soretines considered in evaluating projected courses of action in tactical
planning at the division level. Forecasts are typically prepared at higher
echelons and delivered to divisions, although the divisions do develop their
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own estimates when operations are self-initiated or when they expect losses to
exceed those projected by higher echelons. Units below divisions rarely are
involved in personnel attrition prediction.

Gl personnel expressed satisfaction with attrition factors provided in FM-101-
10-1. However, they stated -hat the current attrition prediction procedure

is unwieldy, time consuming, and difficult to perform accurately. They further
stated that the procedure lacks a method for predicting lcsses by MOS and
grade, and that this is a serious shortcoming.

Logistics status reporting. The primary purpose of logistic: status reporting
is to provide information about asset availability and replacement needs.
Basically, of ten classes of supply, only three (POL, ammunition, and major
end items) are addressed in field SOPs, although any class will be reported

if it becomes critical to the division's mission. Of these three, POL and
ammunition are "pushed" items and play a minor role in tactical logistics
reporting. Thus, the major reporting focus is on equipment.

Field survey data revealed two major problems in logistics status reporting:
timeliness and accuracy. The former problem is inherent in report preparation
and delivery times, The accuracy problem results largely from a combination

of sequential reporting practices and human performance characteristics. There
was no evidence that either of the divisions visited by SDC combined personnel
and equipment data in a weapon systems context, although this concept is evolv-
ing within the Army.

Concept Development Design Considerations. In developing potential TOS soft-

ware applications to support personnel attrition prediction and logistics
status reporting, SDC tried to avoid major departures from the current manual
procedures. Annther developmental consideration was to limit individual skill
requirements; personnel cerforming Gl-Sl and G4-S4 functions are not always
fully trained, so that gotential applications must provide decision aids and
telieve personnel of complex procedures. Additionally, the developmental
process was restricted to applications that were compatible with existing TOS
routines. Finally, SDC developed potential applications with due regard to
"Weapon System Replacement Operaticns,” an information management system in
advanced stage of development, which is intended to faci{litate the supply of
critical tactical weapons and crews to field units.

An important consideration in developing the application was to view personnel
attrition prediction and logistics status reporting as components of a system
rather than as separate, discrete, and unrelated functions. That is, the
attrition prediction function can be regarded as including not merely personnel
but also tactically significant equipment as well. Similarly, the status
reporting function for tactically significant equipment can be redefined to
include the crew components of weapon systems. Then, the two components can

be combined to form a personnel and weapon systen status assessment function.
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This approach permits attrition forecasts for division personnel in general
and for both crew and equipment components of selected weapon systems. Mean-
while, it informs the commander and his staff of the status of significant
weapon systems, and also provides a mechanism for refining new (and validating
prior) attrition forecasts.

Conceptual description. The recommended TOS software application thus com=-
prises two major compoents, a prediction component and a status reporting and
prediction validation component. The prediction component itself consists of
two sub-components, initial attrition prediction and revised attrition pre-~
diction. 1Imitial attrition prediction begins with a complete personne.i attri-
tion forecast paralleling FM-10l1~10-1., YNext, the application forecasts attri-
tion for both equipment and crew components of weapcn systems designated by
the commander. In addition, the routine can provide personnel attrition
forecasts by MOS and grade. In conformity with current practice, the routine
is designed to provide a five~day forecast.

Although Gl personnel stated that current prediccion factors arz generally
adequate, exceptions arise because of variances in parameters such as terrain,
friendly and enemy strengths and compositions, and intensity of comflict. To
compensate for such variances, the revised attrition prediction sub-component

is designed to revise a.prior forecast based on a divisions's actual experience.
As losses and gains occur during an operation, the data are {ed to the routine,
Actual losses are compared to projected losses and new, temporary attrition
factors are calculated. aAssigned strength is adjusted by subtracting actual
losses and adding gains, and then the routine generates a new forecast.

Thn data used to revise the forecast {s provided by the weapon svstem 2tatus
reporting routine. These data would also be useful for validating prior
attrition forecasts. That is, differences between predicted and actual losses,
expressed either as deviations or percentages, would provide a measure of the
accuracy cf past predictions. This aspect of the recommended application is
essentially research-oriented in that the data might be used in developing
an improved mode. for attrition prediction. Meanwhile, this portion of the
application slso alleviates the problems of timeliness and accuracy in equip-
}+ ment reporting that were discovered in the field survey. Data entered into
e TOS at the lowest feasible leavel become availadle immediately to all echelons
equipped with 10Ds, thereby reducing the number of levels of sequential
reporting. This approach also reduces the number of human links in the report:-
; ing system, and thereby reduces opportunities to introduce errors into the data
: base. Additionally, joint reporting of personnel and equipment components of
weapon systems preserves the relationship of these componsnis throughout the
reporting chain,

¥

Concapt Validation

The concept of parsonnel and weapor systen status assestcent is both intuitively
I and logically appealing. Empirical data were needed, however, to test the
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feasitility and utility of the concept. The purpose of the experiment was to
compare the recommended TOS application with current manual methods for per-
forming the selected functions. The experiment was designed as a prohlem
solving exercise. Participants serving as Gl-S1 and G4-S4 staff officers
responded to typical questions addressed to personnel administration and
logistics elements. Problem types consisted of those that are easy to solve
using current manual methods and those that are difficult or impossible to
solve in a timely manner using such methods. Each problem type was broken
down into two caegories, predicticn problems and status problems.

Method. Experimental materials such as the data base, manual charts, sinulated
TOS displays, data collection procedures, problem solving scenarios, and the
questions that drove problem solving activities were developed by SDC personnel
with the aid and advice of a group of subject matter experts from the TMO.
Forty students from the CGSC at Fort Leavenworth served as participants, work-
ing ir. two-man teams. Ten teams solved problems using a composite of the
manual mathods used in two FORSCOM divisions studied during the field survey,
and the other ten teams solved the same problems using a simulated method
derived from the recommended TOS application. Half of each ten teams solved
problems in the context of a scenario depicting an attack operation followed

by a defense operaticn. The other half had a scenario depicting a defense
followed by an attack. Data collectlion sessiuns lasted approximately four
hours per team. Each team provided two subjective ratings for each problem
that they solved: (1) the value of the solution to that problem in terms of
performing the Gl-S1 and G4-S4 functions; and (2) the value of the problex
solution compared with the effort required to obtain it,

Resuylts. Results from the experiment demonstrated convincingly that the reconm-
mended TOS application could enhance performance of personnel and weapon systenm
status assesgment. Teams uring the sizulated TOS method ware able to solve
problems both more quickly and more accurately than could teams using the
asnual method. Morcover, the TOS methcd enhanced problem solving performance
across four combinations of problem types and categories, and in the context

of two tactical operations. Data from the two sets of subjective ratings
indicated that the problems used in the experiment were relevant to Gl-Sl snd
G4-54 functions, and that their subjective values increased vith the ease of

! solving then. Finally, data for the 70S method considered alone suggested a

1 nild learning effect, indicatinug that learning to use the recormended appli-
cation should pose no aajor problems.

Recormendations. On the basis of needs {dentified in the fi{ald survey and of
results from the evaluation experiment, SDC recommends that TOS developers
consider implementing the application described earlier. Implementation
requirement: are discussed in Appendix F.

{ Implications. The application would reduce the tize and effort required te
3 prepare attrition predictions, and extend the prediction capabdbility to
selecled weapon systems, MOSs, and grades. It would also provide for revising
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forecasts on the basis of batrlefield experience. Further, the application
would permit validation of prior forecasts, and would alleviate problems of
timeliness and accuracy in reporting of tactically significant weapon systems
designated by the commanders. It would not require any new manual reports or
any modification to existing reports. It would increase personnel workload
only to the extent necessary to extract data from existing reports for entry
into TOS.

The application would require a new permanent file in TOS for storing constants
and data for its software routines. Access to the UTO may be required for unit
subordination data. However, application routines would not store data in other
TOS files or conflict with existing software. To achieve the greatest utility
from the application, data should be entered at the lowest feasible level,
ferhaps by means of inexpensive, hand-held input devices. Also, I0Ds should

be allocated to the brigade and battalion trains for use by Sl and S4 personnel.
These additions would increase the number of TOS users, and consequent'y
increase input/cutput and data processing volumes. The extent of increase
would depend on the frequencies of data reporting and of use of application
routines.
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/
forecasts on the basig‘Qf battlefield experience. Edfther, the application
would permit validation of prior forecasts, and would alleviate problems of
timeliness and accuracy in\rgporting of tacticadly significant weapon systems
designated by the commander. “-Jt would not refuire any new manual reports or
any modification to existing rébq;ts. Itaw6uld increase personnel workload

only to the extent necessary to ektsi:t data from existing reports for entry
into TOS.

The application would require a new perﬁhqgnt file in TOS for storing constants
and data for its software routimes. Acces3\to the UTO may be required for unit
subordination data. However, application roﬂ:&nes would not store data in other
TOS files or conflict with €xisting software. o achieve the greatest utility
from the application, datd& should be entered at the lowest feasible level,
perhaps by means of inexpensive, hand-held input dewices. Also, IODs should

be allocated to the brigade and battalion trains for wse by Sl and S4 persomnel.
These additions would increase the number of TOS usersfkénd consequently
increase input/output and data processing volumes. The extent of increase
would depend on the frequencies of data reporting and of usa of application
routines. )
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INTRODUCTION

BACKGROUND

The Army division of today is configured and operates in accordance with
doctrinal concepts that have evolved over a period of several centuries. Methods
of operation derived from these concepts have generally proved successful in
battle, sometimes spectacularly sc. Even so, there is concern within the Army
that these methods may not suffice on the modern battlefield. For that battle-
field is immensely more complicated than its precursors.

Its complexity is partly a result of the variety and intricacy of the weaponry
provided by modern technology. It is also a result of an array of intelligence-
gathering devices that has created a battlefield "information explosion' that
rivals the one cited so frequently in the civilian literature. Today, military
commanders and their staffs face a deluge of information that threatens literally
to engulf them. Traditional command and control procedures, coupled with
limitations on manpower availability, are simply unable to cope with it.

Recognizing the problem, the U. S. Army several years ago began a program to
develop a computer system to assist with command and control information
management and processing. The Tactical Operations System (TOS) is emerging as
a product of that development program. T0S is intended to provide efficient and
effective reception, processing, storage, retrieval, dissemination, and display
of the tactical information required by the commander and his scaff.

As part of the TOS development effort, the Army's Training and Doctrine Command
(TRADOC) has responsibilitv for identifying user requirements for the system.
This program is directed by the TRADOC Svstem Manager (TSM) for TOS, a
divectorate of the Combined Arms Combat Developments Activicy (CACDA) at Fort
Leavenworth. The Army Research Insticute for the BRehavioral and Social Sciences
(ARI) is providing research support to the TSM in regard to human performance
capabilicies, limitations, and feasible automatic data processing (ADP)
augmentation associated with battlefield information systems.

r: Under contract to ARI, System Development Corporation (SDC) perssnnel have also

been working in this area. In the first vear of a plannel three-year ;roaject,
thevy developed a conceptual framework outlining in a systems context how TOS
will support division staff operations. This framework was needed to provide
the starting point for the development of TOS training materials.

Development of the conceptual framework began with a job and task analvsis of

the duties and functions performed by commanders and thelr staffs at che divisioen,
brigade, and battalion echelons. Levels of analvsis ranged from the individual
duty position (e.g., that of G2) o the element (e.g., the entire G2 section).

L o
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Analysis efforts focused primarily on the intelligence and operations elements
of each echelon studied; however, the personnel administration and logistics
elements at the division level also received attention.

Interpretation of the job and task analysis data led to a conceptual system
description of TOS, showing how the system will support certain crizical duties
and functions performed by division command and control elements. At the same
time, the analysis revealed other critical command and control duties and
functions that are difficult or nearly impossible to perform us‘ng current
nanual methods, and which are not supported by existing or projected TOS soft-
ware capabilities. TFurther examination of the latter duties arnd functions, for
which a need exists to enhance performance, identified 32 functions that might
profitably be supported by automatic data processing. For each of these functions
project personnel developed a brief conceptual description of a potential TOS
software application to provide that support. These descriptions, reproduced

in Appendix A of this report, provided the starting point for the current vear's
effort.

OBJECTIVES

A major objective of that effort was further development of those applications
that promised to overcome the most serious of the performance deficiencies
discovered during the first vear's work. Then, another major objective was to
evaluate empirically the extent to which the applications improved performance
of functions and duties they had been designed to support as compared to
performance in theilr absence. More specifically, the objectives were to:

(a) identify specific applications that had been defined earlier to over-
come deficiencies in performance of selected duties, functions and
tasks that (1) were discovered during the first year's work and (2)
appeared most susceptible to the support that improved data processing
and information managesnent procedures might provide, assign priorities
to the candidate applications, and select one or more of the highest
priority applications to serv> as the focus for the remainder of the
second vear's effort;

(b) perform detailed analyses of procedures currently emploved in the
functional areas in which tha highest priority performance deficiencies
had previously been identified;

(c) survey data processing techniques and methodologies that might be
suitable for improving information processing with che selected
performance areas; and
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(d) wusing one or more of the methodologies identified above, develop
data processing strategies and evaluate those strategies by comparison
with current TOS baseline performance (i.e., performance prevailing
in the absence of those strategies).

This document constitutes the final report of the second year's activities
vnder Contract DAHC19-77-C-0018, and reports the results of those activities.

ORGANIZATION OF THE REPORT

The remainder oI the report Is organized i{uto three major sections which
describe the activities undertaken to achieve the objectives described above.
The first section describes the procedures required to select and to describe
in greater detail the applications that would focus the remaining work during
the current year. The second section describes the selected applications in
conceptual terms. The final section documents an experiment conducted to
evaluate the relative wcrth of those applications.

SELECTION AND DEFINITION OF POTENTIAL APPLICATIONS

IDENTIFICATION OF POTENTIAL APPLICATIONS

Conceptual descriptions of 32 potential TOS software applications were extracted
from a portion of the reportl of the first year's effort under this contract.
Each potential application represented a possible solution to a problem in
performing a particular duty or function by one of the division staff elements.
The potential applications varied in complexity, and in comprehensiveness as
well. Two examples follows; all 32 potentisl applications are presented in
Appendix A.

Example: FSE Target Screen

The FSE target screen is an example of an appiication intended primarily
to support one staff element. As TOS is prusently conceived, G2 target
information will pass automatically from TOS to TACFIRE. TACFIRE will

1. Modisetrte, B. R., Michel, R. R., and Stevens, G. W. Initial Strategies for
the Tactical Operacions Svstem (TOS) Support of the Cummand and Control
Process. Volupme 2: Description of TOS Functions focr Division Elements.
TM-6009/301/00, Svstem Development Corporation, February 1978.
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then analyze range and location data to determine whether the targzet
is within range of DIVARTY and within its area of responsibility.
Targets not meeting these criteria will be passed to the FCZ for a
further decision. This procedure potentiallv causes excessive use

of communication channels. A potential TOS application would be a
target screen based on DIVARIY's assets and area of respensibility.
TOS would filter range and location data in each ESD message containing
target information. The system would pass to TACFIRE only those
targets within DIVARTY's engagement envelope. All other targets would
be relayed to the FSE. The net result would be more effective utili-
zation of communication channels.

Example: Automatic Distribution Matrix

The automatic distribution matrix provides an example of an applicacion
intended to support virtually every staff element. Tha application
would distribute messages autcmatically to designated lists of users,
eliminating the need for operator intervention. The ma:irix would
contain a list of the characteristics that define each unique message
type, and the distribution list for that type. The application would
include message precedence, established automatically by criteria
def’ned for each message tvpe.

Task Considerations

In addition to a conceptual description of each of the potential applicationms,
each was also described in terms of its "boundaries." That is, using informa-
tion gatherad from the first year's effort, project personnel assigned values
to each potential application in terms of task considerations related to which
and how many of a division's agencies it scrved, its suitability for computer
implementation, and its importance to the division's mission. Specifically:
these task considerations were:

(a)

(¢)

(d)

Numher of echelons. Up to feur echelons--corps, division, brigade,

and battaljon--could provide inputs to an application and/or receive
outputs from it.

Number of elements. As many as 7?7 elements of the division staff
(e.g., Gl, F3E, CMD, R&S) could provide inputs and/or receiwe outpuis
from an applicacion.

Primary staff agencv. The primary staff agency (e.g., CMD, G4, FSE)
that would benafit from the applicacion.

Task identification. A judgement by SDC personnel as tc whether the

applicaction could best be performed manually (M), with parcial 70§
susport (TS), or primarily by TOS (TA).

;
i
E
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e. Criticality. The overall importance of the appli-ation to the
success of a division's mission. Failure to perform the function
supported by the application (1) could definitely jeopardize the
mission, (2) could possibly jeopardize the mission, (3) could
definitely affect an element's effectiveness but would not jeopurdize
the mission, (4) could possibly affect an element's effectiveness but
would not jeopardize the mission, or (5) would have no effect either
on an element's effectiveness or on the mission.

Table 1 shows examples of task consideration values assigned to two potential
applications; Appendix B provides these values for all 32 applications.

TABLE 1

TASK CONSIDERATIONS FOR TWO OF THE 32 PCTENTIAL APPLICATIONS

Task Considerations

Potential Application 3 b ¢ d e
FSE Targzet Screen 1 3 FSE TA 1
Automatic Distribution Matrix 4 22 Gl TA 4

Screening the Potential Applications

After describing the potential applications in terms of thalir task considera-
tions, they were screened by project personnel on three different critaria

to identify those that promised the greatest enhanzement to TOS performance
and that were not ~lready the subject of attention from other agencies.

'1-7".‘.

Screen l: under study. Data provided by ARI and the TOS Manager's
0ffice (TMO) served as the basis for this screen. Any potential

1 application already being investigated or developed by a governmant
- ] agency or contractor received no further consideration.

Screen 2: criticalicy and frequency. Those applications not already
under study wers next examinad for cricicality, on the dasis of the
values assigned lor the criticality task consideration descridbed
above. If an application had a value of 1 or 2, it passed the scraen
without further examinat on. 1f {ts criticalicy value was 4 or 5, i3
was alininaced from furthe consideration. Applications with a value
: of J passed this screen or. - {f the function it supported was per-

3 formed at least twice per l2-qour shift.
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Screen 3: primary staf{ agency or task commonalitv. Applications
that passed the first two screens pass-d this screen automatically
if chey directly supported either the intelligence or the operations
elements, or both. Applications that directly supported either the
administration or logistics elements passed this screen only if they
provided critical information to the cormand and control decision
making process,

An example or the outcome of the screening process anpears in Table 2. Notice
that the application in the table passed all three screens. For screen 1,

a "No" (N) indicates that the application is not already under study and there-
fore merits further consideration. A "Ves" (Y, “or the othar twu screens
indicates that the application passed those screens. Appendix 3 preseats the
results of the screening process for all 32 applications. 7The sopendix is
organized to show first the applications that passed all three screens, and

then those that failed one screen and therefore required no further cousideraticn.

TABLE 2

AN EXAMPLE OF THE OUTCOME OF THE SCRLENING PROCESS FOR PCTENTIAL APPLICATIONS.

Task Consideraticns Screens
Potential aApplication a b N d ¢ 1 2 3
Develop FSE target 1 3 FSE TA ! X Y Y

Screen f.r Processing
G2 Target Data to
Divarey

APPLICATIONS SELECTED FOR FURTHER IXVESTIGATION

SDC personne] presented a tadble sinilar o Appendix B to rapresanvatives of

ARl and TMO, recommending that only those potential applications that had passed
all three screens be considerad for further investigation. After discussion ef
TOS priorities, TM) selected the following potential applications as the mosit
{=portant of tha candidates.
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Personnel attrition forecasting. Develop a routine to compute personnel
attrition forecasts.

Logistics status reporting. Develop a G4 information staff working file
(SWF) and a routine to compare Battlefield Information Report (BIR) data to
projected gains.

Areas of interest. Compare and recompute areas of interest based on changes
in battlefield geometry (later further defined as Named Areas of Interest--=NAI).

Course of action. Develop a course of action routine.

Subsequent meetings between ARI and SDC personnel compared available project
resources to estimated resources required to perform tasks required by each of
the four potential applications. ARI and SDC agreed that areas of interest did
not involve sufficient data processing to merit further work and that courses
of action required resources exceeding those available. However, they also
agreed that available resources would permit work to develop (1) an improved
model for personnel attrition prediction, and (2) methods to improve logistical
status reporting. TMO concurred with these selections.

-

FIELD SURVEY OF CURRENT ATTRITION PREDICTION AND LOGISTICS REPORTING PROCEDURES

The purpose of the field survey was to obtain data on current manual procedures

for personnel attrition prediction and logistics status reporting. Analysis of

these data was expected to reveal problems encountered by personnel performing

these finctions that led to degradation in their performance. Then, specific

4 automatic data processing strategies might be developed to eliminate, or at
least alleviate, these problems.

i
!, Purpose of the Field Survev
4

—

5 N Method

Efforts to develop a thorough understanding of current manual procedures for

I personnel attrition prediction and logistics reporting and their inherent

1 problems began with a review of the Field Standing Operating Procedures (SOPs)

l for two FORSCOM divisions, to identify required reports in the two areas,
echelons from which they are required, their contents, instructions for their
preparation, and their frequencies of submission.

il

Two SDC personnel then made one-week visits to each of the two FORSCOM divisions.
During these visits, they interviewed a total of 32 administrative and
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logistics personnel at the division, brigade, battalion, and company levels.
Table 3 shows the distribution of the personnel interviewed among echelons and
between administration and logistics elements within each of the two divisioms.
One individual interviewed administration personnel and the other interviewed
those of the logistics element. A basic assumption was that real understanding
of the attrition prediction and logistics reporting tasks required familiarity
with the context in which they are performed as well as the procedures used

to perform them. Therefore, interviewers did not confine their attention solely
to the attrition prediction and logistics reporting functions. Instead, in the
time avallable, they tried to learn as much as possible about those adminis-
tration and logistics functions that relate to tactical decision making and
operations. Specifically, for each function, SDC personnel sought to:

(a) obtain detailed information about the data required to perform a task;

(b) didentify the practical limits and utility of the data in terms of its
age, reliability, and level of detail;

(c) 1identify current sources of data, report formats, frequencies of
submission, and report routings;

(d) describe current data processing techniques and their limitations; and

(e) identify the users of the data and the uses they make of it.

TABLE 3

THE DISTRIBUTION AMONG ECHELONS OF PERSONNEL INTERVIEWED AT
ITWO FORSCOM DIVISIONS.

Division 1 Division 2
Echelon Gl/s1 G4/S4 Gl/s1 G4/sé
DIVISION 4 4 8 1
BRIGADE 1 1 l 1
BATTALION 2 2 1 l
COMPANY 3% I 1 1

*The same individuals were interviewed for both the admin
and log areas.




System Development Corporation
7 February 1979 9 T™~6257/000/00

The recording sheet illustrated in Figure C-1 of Appendix C provided the
structure for each interview. The interviewer simply asked for the information
required to fill in each space. He completed a separate recording sheet
concerning each report for which the individual being interviewed had respon-
sibility. Briefly, the requested information about each report included its
name, the contents of the report, the frequency of reporting (e.g., hourly,
once per shift, daily, on demand, only when a change of status occurs), who
prepared the report, where the report was prepared, how much time was consumed
in preparing it, the steps required for preparation, and the ph,;sical act that
terminated the reporting procedure (e.g., transmitted to another organization,
posted to a file).

To avoid influencing interviewees' responses interviewers did not show data
recording sheets from one echelon to anyone at another echelon. Thus, for
example, personnel at division and battalion did not see data provided by those
at brigade.

Results

The review of SOPs indicated that the two divisions required substantially the
same kinds of data to be reported, from essentially the same echelons. However,
the titles of reports often differed, as did their formats. Also, in some
instances, the same types of data were transmitted through different reports

in the two divisions. The frequencies of report submission differed in many
cases. One division required daily submission for most reports; the remainder
were submitted only on demand. The other division, by contrast, required
reports to be submitted only when necessary to document changes in status.

Data flow. Data flows also differed in some details between the two divisions.
Furthermore, within a division data flows might differ in maneuver units when
compared to support or special units, or from one report to another. These
observations notwithstanding, data generally flow in much the same ways in

both divisions (Figure 1). Note in the figure that administrative and logistics
data can move over both the command/operations and the administrative/logistics
reporting chains. Of course, routine reports are not typically transmitted
over the command/ops chain; only when admin/log data have immediate tactical
implications (significant losses to personnel or equipment, for example) do
they move over the chain., Still, there 1is duplicate reporting, at least to
some extent. Moreover, according to some of the personnel interviewed, this
duplicated information frequently enters the two reporting chains at different
times and with differing accuracies. Among other consequences, this sometimes
results in contradictions in the data presented, for example, by the G3 and G4
during commanders' briefings.

Figure 1 also shows parallel reporting channels within the admin/log chain.
That is, the Company Executive Officer (CO XO) reports equipment data to the

' s ame amay e —
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battalion S4. Meanwhile, the Company lst Sergeant (CO 1ST SGT) reports
personnel data to the battalion S1. Thereafter, the data continue to be
reported separately as they move up the reporting chain. 1In some, or perhaps
many, cases, this separation of personnel and equipment is inconsequential, but
not in the case of crewed weapons. Consider the M60 system, for example. One
may think of that system being composed of five major components: tank,
commander, gunner, driver, and loader. One of these components, the tank, is
reported through the logistics channel, while the other four are reported
through the administration channel. Additionally, in tactical reporting,

the personnel components are not identified as to crew positions. As a
consequence, the reporting system provides information to higher headquarters
about the status of weapon svstems only in the Battlefield Information Report
(BIR), which is an operations rather than an administration/logistics report.
This point is elaborated later.

Attrition prediction. The major purpose of attrition prediction appears to be
planning for replacements, although loss forecasts are used sometimes in
evaluating projected courses of action. Echelons below division level typically
are involved only indirectly in attrition prediction, that is, as sources of
data required for the procedure. There are exceptions; one battalion Sl

* reported that occasionally he prepared an attrition forecast for his commander.

Since no documented attrition prediction procedure for battalions was available
to him, he used division loss factors from FM 101-10-1 (a potentially dubious
procedure) and his battalion's assigned strength. In the main, however,
personnel attrition forecasts are prepared at higher echelons and then delivered
to the divisions. Division personnel typically prepare estimates only for
operations in which losses are expected to exceed those predicted by higher
echelons, or in case of a division-initiated operation. Personnel at both
divisions said that they therefore perform attrition prediction procedures
infrequently (nonetheless, they regard the attrition forecasts that they do
prepare as being highlv {mportant). When they do, they use procedures and
tables in Section 5-9 of FM 101-10-1.

A detailed descriprion of attrition prediction procedures is provided in
Appendix C.

Logistics status reporting. Logistics personnel in both FORSCOM divisions
agreed that no one class of supply is inherently more important than the others,
because a sudden acute shortage of virtuallvy any class (probably excepting \1
and X) can threaten the success of an operation. Nonetheless, they indicated

2. FM 101-10-1, Scaff Officers' Field Marual: Organizational, Technical aad
logistics Data. Headquarters, Department of the aArmy, July 1976.
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that Classes I, II, IV, VI, VIII, IX, and X seldom, if ever, impact tactical
decision making or operations significantly. These classes were therefore
eliminated from further consideration, as described in Appendix C.

Because Class III (POL) and V (ammunition) are push driven (as described in
Appendix C) they normally have relatively little impact on tactical reporting.
Further, because of the relatively short reporting chain, there are compara-
tively fewer problems in reporting POL and ammunition than in reporting Class
VII (major end items), discussed immediately below. For these reasons, Classes
IIT and V did not seem to require inclusion in future versions of TOS.

That Class VII items received the greatest interest and attention in both the
FORSCOM divisions is scarcely surprising. The major weapons and support
equipment comprising this class have obvious tactical importance, and their
importance is reflected in their prominence in the logistics reporting system,
While individual units keep their own records of several classes of supply,
formal reports originating in the companies focus on Class VII items. A
detailed description of current logistics reporting procedures is presented in
appendix C.

G4 personnel agreed that their greatest and most pressing problems were %o
obtain timely information that is accurate. The problem of timeliness has

two aspects. First is the time required to receive the data from lower echelons
and then to assemble the data and prepare the report. Second is the time
required to transmit reports from one echelon to the next higher echelon.
Combined, preparation time and sequential reporting can consume as many as 13
hours between the company and division levels.

The problem of accuracy appears fo stem from a combination of sequential report-
ing and human performance. That is, data are compiled at the company level,
then relayed through the battalion and brigade to division. At every level,
human beings are required to transcribe, consolidate, transmit, or in some

other fashion manipulate the data. Of course, every human being in the report-
ing chain is a potential source of error, through omission, commission or
transposition.

Ancillary Data

After the visits to the FORSCOM divisions, SDC personnel also visited selected
elements of CACDA and the Combined Arms Training Developments Activity (CATRADA)
at Fort Leavenworth to determine whether personnel attrition models existed or
were being developed for systems such as CATTS, Division War Games (DIVWAG),

and Computer Assited Map Maneuver System (CAMMS). In each case, the agency

used personnel and weapon kill probabilities. However, these data were generated
to further the purposes of tactical war game situations. They were predicted

on relative positions of weapon systems to one another, rates of fire, and
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protection factors. Yo agency had a model for forecasting losses to personnel
in anticipation of an impending operation.

SDC persconnel also visited liaison officers assigned to CACDA from the

Logistics and Administration Centers (LOGCEN and ADMINCEN) to inquire about
their centers' efforts regarding personnel attrition forecasting and logistics
reporting. Neither could offer anything new in regard to personnel attrition
prediction; however, they did bring to SDC's attention two new concepts in
personnel and weapon management: 'STUBBY PENCIL" and "WEAPON SYSTEM REPLACEMENT
OPERATIONS.'" The former is a newly-developed wartime personnel accounting
system, and the latter is a newly-developed information management system de-
signed to expedite the flow of critical tactical weapons and crews, and thereby
assist corpe and division commanders to concentrate combat power. Both concepts
allegedly have been approved by TRADOC and forwarded to Department of the Army
with a recommendation that they be approved. Kelevant portions of these con-
cepts are discussed later in this report, as they relate to proposed TOS
applications.

CONCEPT DEFINITION

RELEVANT CONSIDERATICNS AND CONSTRAINTS

Current Manual Methods

Although the ultimate purpose of both the Gl and G4 elements is to support
tactical operations, many of their activities are ancillary to that purpose.
For example, many personnel records have little impact on tactical operatioms,
and the same is true of many logistics records. Because TOS is a tactical
system intended to support the command and control process rather thau either
a personnel or logistics system, SDC project personnel never considered using
TOS to supplant current data reporting and record keeping methods. The intent
rather was to extract from curreant reports those data items that are important
to tactical decision making and operations. Thus, since the curreant manual
methods for reporting administration and logistics data will continue to
function largely as before, project personnel sought to inflict as little impact
on those methods as possible. The goal was to obtain the necessary data with
minimal disturbance to the existing system and minimal addition ro the work-
loads of the personnel in the svstem.

Personnel Experience

Observations of the two FORSCOM divisions suggested cthat personnel performing
the S1-Gl and $4-G4 functions are not alwavs speciualists in these areas or
fully trained in them: Therefore, any applications developed for either area
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should, as much as possible, provide easily used decision aids and relieve
personnel of the need to perform complex procedures.

Compatibility With Existinz Features of TOS

Specificatic-s .or a number of applications have already been developed for

TOS. Theretore, any new applications should be as compatible as possible with
existing applications. There should be no interference with those applications,
and new applications should not impose anv requirements on TOS users that
conflict with those imposed by existing applications. Further, display formats
should be compatible in design with existing formats.

STUBBY PENCIL and Weapon Svstem Replacement Operations

At the time that SDC personnel first became aware of them, STUBBY PENCIL and
Weapon Svstem Replacement Operations were already in advanced stages of
development and showed promise of winning eventual approval. Therefors, any
application for personnel attrition prediction or logistics status reporting
must be designed with these concepts in mind, to aveid pessible conflicts at a
later date.

POSSIBLE SOLUTIONS

Personnel Attrition Prediction

Gl personnel expressed satisfaction with the attrition factors provided in

FM 101-10-1 (Appendix C). Even so, SDC personnel considered the possibilicy
that technological advances and changes in tactical doctrine might have
rendered those factors obsolete. A literature review conducted for this pro-
ject3 cited operations research (OR) reports describing a number of forecasting
models, and combat and {nventory models that contain prediction functions.

Some of these models show promise for future implementation as parsonnel
attrition prediction algorithms. Another potential approach would entail
investigating the possibility of combining or weighting weapon kill probabilities
and other functions used in war game environments to produce a new personnel
attricion prediction algorithm. Finally, one could try to work backward from

J. Lawless, M. UW., Minton, M. E., and Grace, G. L. Research on Software
Enhancements for Tactical Operating Svstems: Literature Review. Interim
Technical Report TM-6155/000/00. System Development Corporation, 1 August
1978,
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the attrition factors in Tables 5-8 and 5-9 of FM 101-10-1 to develop an
algorithm using parameters such as terrain and strengths and compositions of
friendly and enemy <orces, each with an appropriate weighting factor associated
with it, Then, as experience accumulated, the weighting factors could be
adjusted to provide an improved model.

Each of these approaches has merit, and none should be discarded out of hand.
Still, each requires extensive development and/or testing, including gathering,
reducing, and analyzing large amounts of data for purposes of validation. Such
efforts were beyond the scope of thic project. For example,experience at the
Air Defense Command (ADC) alone illustrates that development efforts of this
kind can easily consume many man-years.

Logistics Status Reporting

The problem of accuracy of information received by the G4 might be solved or
at least alleviated by improvements to the current manual method. For
example, standard printed reporting forms might be redesigned, instructions
for completing the forms might be rewritten for easier understanding, and
reporting ‘procedures might be simplified or otherwise redesigned. Project
personnel considered this possibility only very briefly, however, because it
contributes nothing to the solution of the equally important problem of the
timeliress of the information received bv the G4. Indeed, within the context
of manual reporting, the only solution to the timeliness problem seemed to be
a wholesale redesign of the admin/log communication svstem, a solution clearly
not feasible within the funding level of this vear's effort.

Genesis of the Application

A primary key to solving problems {nherent in current personnel attrition
prediction and logistics status reporting is to view them as components of a
system rather than as separate, discrete, unrelated functions. Recall the
observation earlier in this report that separate reporting of personnel and
equipment craates a ''system problem,” {.e., information about the status of
svstens is lost. In the same vien, predicting personnel attrition by curre-t
methods overlooks the fact than manvy of these personnel are weapon crewmen.
Ignoring their weapons during attrition prediction ignores the future status,
not only of the weapons themselves, but alio of the weapon systems of which
they and the crewmen ar2 components.

Evidently, then, the solution requires broadening the concept of attritivn
prediction to include not merely personnel, but also tactically significant
weapon (and possibly support) systems as well. To do so would permit the
atcrition prediction function to forecast the future status of the division's
critical tactical assets (i.e., major weapon svstems) in the same way that
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other forecasting models predict the outcome of a particular tactical operation
or the consequences of a given enemy action.

By the same token, logistics status reporting for the tactically significant
Class VII items could be redefined as weapon system status reporting. Then,

the functions would serve two purposes. First and most important, it would
inform the commander and his staff of significant weapon systems status. But

at the same time, with little or no additional cost or effort, it could also
serve as a mechanism for testing forecasts generated by the attrition prediction
function.

If the two f{unctions, prediction and reporting, are regarded as components
according to the system concept, then they form what might be called a system

to assess the status of selected personnel and equipment items. One component
predicts the future status of tactically important weapon systems, and the

other component provides current status information and simultaneously validates
or invalidates previous status predictions.

CONCEPTUAL DESCRIPTION OF THE APPLICATION

The recommended application comprises two major components, a prediction compon-
ent and a status reporting and validation component. The prediction component
futher consists of two sub-components, attrition forecasting and revisec
forecasting. These components and sub-components are described briefly at the
conceptual level here; technical details and their implications are described
and discussed in Appendix F.

Attrition Prediction

Attrition forecasting begins with the complete personnel attrition forecast
described in FM 101-10-1 and summarized in Appendix C of this report. Auto-
mation of this function relieves Gl personnel of the tedious work of following
an unwieldy procedure and permits the production of forecasts more quickly and
more accurately than do manual methods. Using the completed personnel forecast,
the sub~componenc then goes on to forecast attrition for both personnel and
equipment of weapon systems specified by the commander, a procedure not
currently available. Results from the field survey suggest that the application
should focus on major weapon svstems and perhaps tactically significant

support svstems. However, there is nothing in the concept to prevent the
commander from designating any svstem he desires for inclusion in the data base.

This weapon svstem attritior prediction routine responds to the need expressed
by Gl personnel for a capablility to forecast losses by MOS and grade in addi-
tion to forecasting losses of designated weapons. For example, the routine
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can forecast the numbers of M60 tanks and tank crewmen the division can expect

to lose during an operation. Of course, tank crewmen have the same MOS, so

the routine predicts losses for that MOS. At the same time, the routine breaks
down estimated tank crewmen losses into uumbers of losses of commanders, gunners,
drivers, and loaders. Since crew positions are associated with different skill
levels within the MOS and hence with different grades, the capability exists

to forecast losses by grade.

The attrition forecasting routine (and the revision routine described next as
well) is designed to provide a forecast limited to 5 days. This limitation
conforms with present practice. In principie, however, there is nothing to
srevent prograrming the routine to change the 5-day limitation to any pericd
desired.

Revised Attrition Prediction

The attrition factors in FM 101-10-1 are the result of averaging across
divisions and across factors such as terrain, geographic location, climactic
conditions, and so on. Thus, the experience of a single division, conducting
a particular operation in a specific situation, is unlikely to match its
predicted experience. Though Gl personnel stated that predictions were

Y adequately accurate, doubtless there would be cases where this would not be
true because of unusual variances in factors such as terrain, friendly versus
l enemy strengths and/or compositions, and intensities of conflict.

.

-

To compensate for such variances, the recommended application {ncludes a sub-
component to revise a personnel attrizion and weapon svstem forecast based on

a division's actual experience. As losses and gains are incurred during an
operation, the daca are fed to the routine. Actual losses are compared to
projected losses and new, temporary attrition factors are calculated. Assigned
strength is adjusted by subtracting actual lossas and adding gains. The
routine then generates a new forecast using revised attrition factors and the
adjusted assigned strength. The revised attrition forecast could be generated
as often as desired during the course of an operation, incorporating more and

3 more of the division's actual experience.

Status Reporting and Validation

[ The data used to compute naw atrrition factors for revised atzricien forscssts
are, of course, the same data used to i{nform the commander and his staff of
the status of tactically important weapon (and 1if desired, support) svstems.
8y entering the data into TOS, and programming the machine to process {t in
wvays described in Appendix F, this portion of the proposed application would
alleviate the problems of ti=meliness and accuracy in Class VII reporting that

T
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were discovered during field data collection. That is, data entered at, say,
battalion level would become available immediately at division level, thereby
reducing the time delay induced by sequential reporting4. At the same time,
reducing sequential reporting, by removing the number of human beings in the
reporting syste, reduces the number of error sources. Meanwhile, letting the
machine do the data processing frees human beings to perform tasks other than
"number crunching.'" And finally, joint reporting of human and machine
components of weapon systems preservas the relationship of these components
throughout the reporting chain.

The same data used for revised attrition forecasts and for status reporting
would also be valuable for validation of attrition forecasts. Differences
between predicted and actual losses, expressed either as deviaions or per-
centages, would provide a measure of the accuracy of prediction. This
aspect of the application is essentially research-oriented. That is, pre-
dictions, revised predictions, and actual losses could be analyzed over

a periocd of time. The outcome might well be a new model for attrition

1 prediction. At the least, attrition prediction factors from FM 101-10-1

3 could be upgraded.

CONCEPT VALIDATION

PURPOSE

The concept of personnel and weapon system status assessment is both intuitively
and logically appealing. Nevertheless, empirical data were needed to test the
feasibility and usefulness of that concept. Therefore project personnel condicted
an experimental evaluation of the recommended application. The purpose of the
experiment was to compare TOS performance augmented by the application

with TOS baseline performance (i.e., performance without the application).

o Because neither the TOS computer nor the requisite software were available for

' the experiment, this purpose translated effectively to a coxmparison of perfor-
mance using the application to performance using current manual methods.

~ T TS TETR PT P I PO
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. This positive aspect of the proposed application navertheless has negative
] implications for hierarchial review, and for the Sl and S4 at the bat:talion
| and brigade levels. These implications are discussed under "Implementation
b of the Application.”
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The portion of the application that calculates revised attrition prodictions

had not been completely worked out prior to the beginning of the experiment,

and therefore could not be tested. Because the routine's outputs were expected
to te essentially the sawe in format as those of the initial prediction routine,
and because such revised predictions cannot be made using current manual methods
anyway, inabili*y to test the revised attrition prediction routine was not
serious.

Objectives of the f£xperiment

The major objective of this experiment was to compare problem solving perfor-
mance using manual methods with such performance using a "TOS method,” i.e.,
the application. That is, the purposes of attrition prediction and logistics
status reprting include informing commanders and operations staffs of the
availability of assets and informing higher echelons of the need for replace-
ments. These tasks may be considered as problem solving tasks. The problem is
initiated by a query or a reporting requirement, and involver gathering
problem-related information. The problem i{s solved when the information is
delivered to the appropriate individual or section,

To achieve the major objective, the experiment had four subordinate objectives,
namely to determine:

(a) which method provided the most rapid problem solving performance;
(b) which method provided the most accurate problem solving performance;

(c) whether the method employed in problem solving affected the user's
opinions regarding the value of the problem solutions he obtained; and

(d) whether the method emploved in problem solving affected the user's
opinions regarding the value of the problexz sclutions he obtained as
compared to the effort he had to put forth to obtain them.

METHOD

Participanta

Forty students at the Command and General Staff College (CGSC) volunteered to
participate in the experiment. All were American Arwy officers: 38 held the
rank of major and tve were captains. Each participant completed a background
infornmation form (Figure D-1 in Appendix D.) Eighteen of the officers had
from eight to 32 months experience as battalion or brigade Sls. One had 11

! e
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(Page 21 Blank)

months experience as an assistant division Gl, and another worked for 42 months
in personnel management at DA level. Eleven had from 12 to 36 months experience
as battalion S4s. The remainder had served as company commanders. Seven had
attended coursec lasting from one to 1l weeks in some area of administration

or logistics.

Participants solved problems in pairs, with one serving as S1-Gl and the other

a8 S4-G4. In forming the two-man teams, an effort was made to assign individuals
to job roles according to relevant experience. Officers without personnel
administration or logistics experience were assigned to teams at random. During
experimental sessions, participants worked with data at the battalion, brigade,
or division level, depending on the specific problem. At their option, they
worked independently with each solving problems appropriate to his job role,

or else they worked cooperatively.

By agreement with the CGSC, each participant wes available to the experiment
for a maximum of four hours.

Experimental Design

A valid comparison of the two methods required testing them under a variety of
different conditions to ensure that results generalized to more than a single
sat of conditions. Therefore, in addition to the major independent variable
of methods, the experiment included different problem solving situations, types
of operations, types of protlems, and categories of problems. Methods and
situations were "between participant' variables; the others were '"within
participant"” variables. The five independent variables were arranged in a
hierarchial design (Table 4).

Development of Experimental Haterials

In addition te the participant background information form, two rating scales
(Figure D-2 in Appendix D) were devi_uped for use by participants in expressing
their opinions of proble= solution values and of values compared to effort
required to obtain them. All other materials described belov vere devaloped
with the aid and advice of a group of subject matter experts from TMO. Thaese
materials are {llustrated in Appendix 1.

Types of operations. Two operations ware described: {n one an American
mechanized division would defend itself from an attacking enemy force, and {n
the other the division would itself attack an enemy positfon. The participants’
problem solving activiries involved preparation for one of these 2perations.
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Problem solving situations. Three problem solving situations were prepared.

One was a sample used for training purposes. The other two, used for actual
data collection, were constructed by combining the two operations described
above. In one situation, defense was followed by attack, and in the other,
attack was followed by defense. The situations were arranged in this way
because data collection was carried out in two phases, with one operation
providing context for each phase. The two situations counterbalance the two
operations across the data collection phases.

Problem types. The two types of problems may be distinguished as follows.

There are many problems that a given staff officer may wish to solve. Some of
these problems require information which is immediately available or readily
obtainable. These problems, of course, are solved whenever necessary. However,
other problems require information that is so difficult or time-consuming to
obtain under current methods that either the problem's solution is not worth
the effort, or else it is obsolete when it finally is obtained. These problems
are never or seldom solved, for the simple reason that officers do not even
attempt them unless directed by higher authority. Further, higher authority
realizes that timely solutions to such problems are impossible or nearly so

tc obtain, and consequently seldom directs that they be attempted. In this
report, the former type is labelled "conventional" problems and the latter type
is labelled "TOS" problems. These two types were further broken down into

two categories, as follows.,

Problem categories. Half of the problems of each type described above were

ones that required the participant merely to determine the status of personnel
or of a particular weapon system, in this case the M60A2 tank system or the
M220A1 TOW system. Such probiems could deal with the status of any echelon from
company to division. The other half of the problems required the participant

to make a prediction of personnel or weapen system attrition. These problems
concerned only the division level. In the manual method, participants computed
attrition forecasts using tables and procedures in FM 101-10-1 and/or the
procedure illustrated in Table D-3 of Appendix D. 1In the TOS method, forecasts
could be read directly from a simulated computer display.

Displays. For participants using the manual method, information sources
consisted of charts simulating those used in two FORSCOM divisions. If these
charts did not contain the information required for a particular problem,

the participant could write a note to the experimenter. The experimenter had
a complete problem solving data base, and he could locate the information
requested on the note and provide it to the participant. For participants
using the TOS method, simulated computer displays were prepared. Every infor-
mation item in the data base appeared in at least one of thesa displays.
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Procedure

A field-grade officer from the TMO briefed each group of participants as soon
as they were assembled at the laboratory. The purpose of his briefing was to
give the participants an overview of the experiment, and by his presence to
assure them that it had a serious purpose for TOS. He described TOS briefly
and explained the purpose of the experiment. He then advised the participants
that several assumptions had been made to control the scope and duration of the
experiment, such as, for example, battalions being tasked to fight as pure
rather than combined arms units. The briefing officer assured the participants
that these assumptions would not affect the quality of the data being collected.
He then thanked the participants for their cooperation and left the laboratory.

After the briefing, the participants were divided into two-man teams, each team
was assigned at random to one of the two experimenters who collected data,

and the teams and experimenters got settled in their respective data collection
rooms. The experimenter explained briefly the participants' role in the
experiment and then asked them to fill out a background information form. Using
data from the completed forms, he assigned one participant as S1-Gl and the
other as S4-G4. He then informed the participants rhat as a team, thev would

be asked to solve eight sets of problems, with 10 nrobl>ms in each set. Data
would be collected in two phases, with a total of 40 problems in each phase.

Training the participants. Each participant then r2ad & copy of the sample
problem solving situation. After they finished, th: experimenter showed them
the information sources they'd be using for problem solving. The charts
prepared for the manual method were sufficiently familiar to the participants
that they required little explanation. Acting on the advice of subject matter
experts, the experimenter told participants using the manual method that they
would not be allowed to use electronic calculators or other mathematical aids
for computations. All cuch computations would have to be performed using
pencils and paper provided for that purpose.

0f course, the simulated computer displays prepared for the TOS method were
unfamiliar to the participants and therefore required explanation. The
experimenter described each display type individually while the participants
looked at examples and asked questions, if necessaryv.

When the participants indicated that they understood their information sources,
the experimenter gave participants in the manual method a personnel and weapon
system attrition worksheet, a copy of the portion of FM 101-10-1 dealing with
division-level personnel attrition prediction, and a copy of a procedure for
predicting weapon system attrition for the M60A2. He then gave each participant
a set of eight practice problems, containing two problems from each combination
of the two problem types and two problem categories described earlier. The
experimenter watched the participants closely to ensure that they followed
procedures properly in order to obtain correct solutions. As necessary, he

- o A AT -
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provided explanations and clarifications, encouraging the participants to ask
questicns about anything that was not clear.

Data collection. As soon as the participants indicated their readiness to
proceed, the experimenter handed each of them a copy o»f the first phase of one
of the problem solving situations described earlier. After both participants
had read the description of their problem solving situation, the experimenter
handed each participant a list of 10 problems. He then started an electronic
stopwatch. The experimenter's subsequent activities depended on the method
being used. In the TOS method, he played the role of "computer." He had
manila folders in his possession, containing all the simulated computer displays.
He located the display requested by the participant for a given problem and
handed it to him. Then, when the participant finished with the display, the
experimenter returned it to the folder. In the manual method, the experimenter
located requested information in his supplemental data bases, wrote it on the
participant's note, marked the number of the problem set on the note, and
returned it to the participant. When not busy with responses to such requests,
the experimenter sat quietly and observed the participants.

In both methods, the experimenter politely refused to tell participants whether
their solutions were correct cr incorrect, or to compare the team's performance
with that of other teams. He answered specific questions about experimental
procedures, or about information provided on displavs, but he did not volunteer
information when he observed participants doing something incorrectly.

As soon as the participants indicated that they had finished the first set of

10 problems, the experimenter stopped the electronic stopwatch, collected the
problem set, and recorded the problem solution time to the nearest second. He
then handed each participant the second set of problems. The procedure for this
and the next two sets of problems was the same as for the first set. After the
participants finished the fourth set, the experimenter provided a ten-minute
break. He then gave them the second phase of the written description of the
problem solving situaticn. When the participants finished reading it, they

were given the same four sets of problems as in the first phase, according to
the same procedure.

Data collection ended either when the participants had solved a total of 80
problems, or when time ran out on the four-hour period allotted fer the exper-
iment by the CGSC. The experimenter then asked the participants for any

comments, criticisms, or suggestions they might have and recorded their responses,
if any. Finally, he thanked the participants for their cccoperation and escortad
them out of the data collection room.
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Data analysis. The plan for the comparison of the TOS and manual methods

called for six dependent measures: (1) time required by a team to solve a set
of 10 problems; (2) number of errors of omission in solutions to a set of 10
problems; (3) number of errors of commission in solutions to a set of 10
problems; (4) rating of the value of a problem solution in the performance of
the S1-Gl or S4-G4 function, averaged over a set of 10 problems; (5) rating of
the value of a problem solution compared to the effort required to obtain that
solution, averaged over a set of 10 problems; and (6) number of requests for
additional or clarifying information. However, data were analyzed for only
four dependent measures.

No team made an errcr of omission. For this reason, measures of errors of
commission and omission were replaced by the number of correct solutions per
set of 10 problems. Also, no team using the TOS method for solving problems
ever requested additional or clarifying information. Further, teams using the
manual method requested such information a total of 44 times while solving
"zonventional' types of problems, and 136 times while solving "TOS" types of
problems. No statistical analysis is necessary to show that teams using the
manual method needed more help than those using the TOS method, or that such
teams needed help more often when solving the "TOS'" problems than when solving
the "conventicnal" problems. ’

Data were tabulated for each two-man team rather than by individual participant.
First, the participants themselves decided who solved each problem. Second,

the performance of the team was the central issue of this experiment, rather
than that of individual participants. The reason for this focus lies in the
systems concept. Since weapon systems include personnel as well as equipment,
S§1-G1 and S4-G4 personnel will have to work together on weapon system problems
if the applications described in this report are to succeed.

The experimental design shown in Table 4 required each two-man team to solve

a total of 80 problems. The first 40 of these problems (i.e., four sets of

10 problems each) were solved in the context of the first phase of the problem
solving situation, a defensive operation in Situation One, and an attack
operation in Situation Two. Pilot tests had suggested that teams using either
the manual or the TOS method could complete both groups of 40 problems in the
time allotted. During the experiment itself, this proved not to be the case.

Each of the 10 teams using the TOS method for problem solving completed all

80 problems. By contrast, only two of the 10 teams that used the manual method
completed 80 problems. One such team solved 70 problems, and one solved 60.
The remaining six teams solved 40 problems. Thus, the data matrix of Table 4
was partially incomplete. The "Attack” cells under Situation One and the
"Defense" cells under Situation Two are the affected cells. Obviously, data
could not be analyzed with the analysis of variance model implied by Table 4,
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Table 5 shows a revised experimental design to analyze two-thirds of the data
actually obtained, that is, data from the first 40 problems. Note that the
design permits comparison of the manual and TOS problem solving methods, the
most important purpose of the experiment. Further, it permits this comparison
over both the status and prediction problem categories, and over both offensive
and defensive operations. Thus, the only variable actually lost is that of
complete problem solving situations, in which the effects of attack and defense
are counterbalanced.

TABLE 5

REVISED EXPERIMENTAL DESIGN TO COMPARE THE TOS METHOD WITH THE MANUAL METHOD
USING DATA FROM THE FIRST 40 PROBLEMS.

Manaul Method TOS Method
Attack Defense Attack Defense
It T6e~T10 T117Tys T167T20
IICONle
Stat
TOS
"CONV"
Pred
TOS

The design and analysis model described immediately above ignores one-third

of the available data, those obtained for the second group of 40 problems
solved by teams using the TOS method. Another design can be used to analyze
this data, though it requires a second use of data for the first group of 40
problems solved by the same teams. The design is shown in Table 6. 0f course,
using even part of one's data twice violates a cardinal statistical rule, and
increases the probability of a Type I error. However, if this possibility is
kapt firmly in mind, and if appropriate caution is observed in interpreting
the results, the second design (Table 6) permits full use of the available
data.

Analyses of variance based on these models are presented in Appendix E.
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TABLE 6

REVISED EXPECRIMENTAL DESIGN TO EXAMINE DATA COLLECTED FROM THE TOS METHOD FOR
EFFECTS OF PROBLEM SOLVING SITUATIONS AND OTHER VARIABLES.

Prob. Sit. 1 Prob. Sit. 2
"CONV" :
Stat
TOS
Attack :
"CONV"
Pred }
T0S i
llcoNvll
Stat ;
TOS ;
Defense
"Comr"
Pred
B (1 *‘

RESULTS AND DISCUSSION

Data Comparing the TOS and Manual Methods

Problem solution times. The analysis of variance for the first group of 40
problems reveals a significant main effect of methods (p<.00l) and a
significant interaction of methods with problem categories (p<.025). Teams
using the manual method required an average of 24.1 minutes to solve a set of
10 problems, compared with an average of 6.3 for teams using the TOS method.
Figure 2 shows that teams using the manual method took just under 50 percent
more time to solve a set of prediction problems than they did a set of status
problems. By contrast, teams using the TOS method solved sets of problems in
the prediction category more than four times as fast as those in the status
category.

The fact that teams using the TOS method were able to solve problems almost
four times as fast as those using the manual method supports the view that

the application recommended earlier in this report facilitates problem solving
performance. That is, teams using the manual method frequently had to compute
quantitative values which teams using the TOS methol could obtain merely by
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calling for an appropriate display that had been generated in accordance with

the concept of the application. One might be tempted to argue that this finding
results from the fact that teams using the manual meihod were not permitted to
use calculators. Certainly, requiring calculations to be performed by paper

and pencil extended the time required by these teams to solve problems. Even so,
permitting the teams to use calculators would surely not have reduced the time
sufficiently to eliminate the significant main effect. After all, one can still
extract information from a display faster than he can operate a calculator.

More importantly, problem solution times for teams using the manual method were
extended by the necessitv for these teams to use a complex procedure for many of
their preblems. The interaction of problem solving methods with problem
categories (Figure 2) illustrates this fact. Teams using the TOS method solved
status problems more than twice as fast as those using the manual method.

Though status problems did not require much computation in the manual method,
they did require frequent requests for additional information and then analysis
or synthesis of that information. Meanwhile, in the TOS method, team members
could locate status information merely by studying the appropriate displays.

Indeed, the fact that teams using the TOS method required an average of 8.8
minutes to solve a set of status problems may indicate a need to improve the
designs of the status displays used for the experiment.

However, the real importance of this interaction is in the mean values for the
prediction category: teams using the TOS method solved sets of prediction
problems more than 15 times as fast as those using the manual method. The only
displays given teams in the manual method were two tables of attricion
coefficients from FM 101-10-1 and a typewritten procedure for calculating- weapon
system attrition predictions. This procedure required sequantial calculations.
During training sessions, the experimenters urged participants to study the
procedure carefullv, to use it with practice problems, and to ask quesrions
about it until theyv were satisfied they were familiar with it and could use it
properly. When participants worked practice problems, the experimenter watched
closely and provided immediate feedback. Nonetheless, during the actual data
collection sessions, experimencers observed participants repeatedly returning

to study the procedure and engaging in discussions with thelr partners about

its use, Both experimenters agreed that time spent in these studies and discus-
sions was far more extensive than time spent in paper and pencil computations.

In the TOS method, by contrast, a team member had merely to glance at a display
to find his problem solution. The recommended application, then, relieved team
members of the burden of a sequential procedure and extensive computations.
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One might argue that the training and practice given in the use of the manual
attrition prediction procedure was inadequate. This argument certainlv has
merit, because the participants were available for only four hours for both
training and data collection. One might also argue that the procedure could
have been better written for clarity of understanding and that the worksheet
could have had a better lavout. Such criticisms, of ccurse, can be offered in
rerird to any job performance aids. Nonetheless, even with overlearning, the
use of calculators, and a faultless procedure and worksheet, one can still
argue that teams using the TOS method would have solved prediction problems
faster than those using the manual method. The important difference remains
the speed of locating numerical data on a display compared to the speed of
performing niumerical calculations.

There is another issue to be considered here. An individual seeking information
from a TOS computer in a real situation would have to sit down at a computer
terminal and execute a sequence of keying operations to tell the computer what
information he needed. Certainly, this would take more time and probably induce
more errors than merely asking the experimenter in a laboratory for a simulated
display. And of course, the computer might be '"down,' although one naturally
hopes and expects that this would be a rare event. Even so, compare these
characteristics of the real TOS method with the characteristics of the manual
method. Currently, information needed to solve many of the problems used in
this experiment is not immediately available to S1--Gl and S4-G4 personnel. To
obtain the information, the officer must either physically visit the location

of the appropriate source. or more often, contact the source by telephone or
radio. Interviews with two FORSCOM divisions suggest that this procedure can
consume hours rather than minutes. In view of these considerations, the
experiment was clearly biased in favor of the manual method, where a team member
had merely to write a note to a person in the same room to obtain his required
information. That the application underlying the TOS method still emerged the
"winner" is even more impressive in light of these factis.

Number of correct soluticns. The analysis of variance for total numbers of
correct solutions per set of 10 problems in the first group of 40 problems
reveals a significant main effect of methods (p<.005), and significant inter-
actions of methods with problem categories (p<.025) and of problem solving
situyations with problem categories (p<.025). Teams that used the TQS method
achieved a mean of 7.9 correct solutions per set of problems. By contrast,
teams that used cthe manual method achieved a mean of only 5.6 correct solutions.
Figure 3 shows a reversal of the differences between the status and prediction
categories in the two methods. In che manual method, the mean nuaber of correct
solutions was greater for status than for predictien problems. Meanwhile, in
the TOS method, the opposite result occurred. Figure & shows that teams solving
prohlems in the context of problem solving Sicuation One (which involved a
defensive operation for the first group of 40 problems) solved a grester number
of prediction problexs Correztly on the average than they did status problems.
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On tie other hand, teams that solved problems in the context of Situation Two
{involving an attack operation for the first problem group) solved a greater
number of status problems on the average.

Once again, the fact that teams using the TOS method vielded better performance
than did those using the manual method supports the recommended application.
However, the fact that the teams using the TOS method averaged onlv about 8
correct solutions per set of 10 problems is disappointing. Here again is a
suggestion that the designs oi the displays used for the experiment may need
improvement. This suggestion is reinforced by the interaction of problem sol-
ving methods with problem categories (Figure 3). Note that in the TOS method,
accuracy was lower for status problems than for prediction problems. The

figure also shows that, in rhe manual method, while accuracy is lower for both
status and prediction categories, it is lowest for prediction. This finding
confirms three observations made by the experiementers during data collection.
First, some participants showed a tendency to use the procadure incorrectly,
using the wrong attrition coefficients from the tables provided and/or overlook-
ing a step in the procedure. Secondly, some participants showed a tendency to
make arithmetic errors. and finally, some participants simplyv guessed. Indeed,
one participant, confronted with a set of 10 prediction problems, glanced a:r the
experimenter and said, "I'm gonna (sic) handle these the same wav I did when my
commander asxked for attrition figures. 1I'm gonna (sic) make a WAG." 1Indeed,

a strong argument for automating the attricion prediction procedure was the
cemplaint voiced bv most participants that {t is a lengthy, exacting, and dull
procedure.

The Interaction of problem solving situations with problem categories (Figure &)
is intriguing. Recall that teams working under Situation One had the context
of an impending defensa against enemy attack, and that they solved prediction
problems more accurately than they did status problems. Meanwhile, zeams
working under Situation Two within the context of an impending attack on enemy
positions, solved status problems more accurately than they did predictien
problems. Further, the two mean values for Situation Two are almost mirror
images in the figures of the two means for Sitvation One. There is nothing in
the experimental conditions or in the two expirimanters’ informal observations

~to explain this finding. Moreover, nothing in the liiorature suggests an

explanation. Possibly, therg was something in the participancts’ =milicary
training or experience that would provide an explanation. Whea several Aray
officers were quaried adoutr this possidbilicy, however, they profesced to be
avstifiad. Certainly, soldiers confronting an attacking enamy have a di{fferent
nental set than those who are themselves attacking. But the officers, sone of
whon have had combat experience, could think of nothing that would «xplain a
result such as this one. Of course, a {inal possibility {s that the inter-
ation is a rare Iype !l error. However, this interpretation is no onre satis-
fving than any other.
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Rating of the values of problem solutions. For each of the problems that he
solved, each member of a team rated the value of the problem's solution to the
performance of his task as either an admin or log officer. Table 7 shows the
intraclass correlations (mean reliabilities) of these ratings for each set of
10 problems solved under the various combinations of experimental conditioms.
In general, a high positive value suggests consistent agreement among raters,
and a low negative value suggests consistent disagreement among raters. In-
spection of the table reveals no consistent pattern of reliability coefficients.
For any given independent variable, both negative and positive (and even zero)
values appear. Further, two of the values are lower than the -1.00 that is the
theoretical lower limit on the value of a correlation coefficient,

The reason for these two values emerges from a consideration of the variance
procedure for calculating intraclass correlations. According to Guilford” and
others, the intraclass correlation coefficient (i.e., the mean reliability
coefficient for a group of raters) is equal to the difference >f the variance
between items (Vp) and the error variance (Ve), divided by the variance between
items (Vp):

— = Yp-Ve
r Vp

If the value of Vp greatly exceeds the value of Ve, then the value of the
numarator is only slightly lower than the value of the denominator, and the
value of ¥, the mean reliability coefficient, will be close to +1.00. However,
if the value of Ve greatly exceeds the value of Vp, then first the numerator
will have a negative value, and second the absolute value of the numerator
will be larger than that of the denominator. In that case, the value of ¥
will be less than -1.00. This is precisely what happened in the two cases
reported above.

This issue is cause for concern onlv in one respect. Rater reliability was not
a major, or even a minor, concern of this experiment. However, it does have

an impact on the analysis of - iriance of rating data. If raters tend to agree
with each other, then within cell variability will tend to be low and error
terms will tend consequently to be low also. However, if raters tend not to
agree, then within cell variability will tend to be high and error terms will
tend consequently to be high as well. While low reliabilities do not invali-
date the analvsis of variance test, the result will be a conservative test,
which may fail to reveal effects that actually exist. Evidently, this is what
happened in the rating data reported here.

. Guilford, J. P. Psvchometric Methods (2nd Ed.). Yew York: McGraw-Hill,
1954, 395-397.
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The analysis of variance of these rating data reveals a significant main effect
of methods (p<.0l) and a significant interaction of problem solving situations
and problem types (p<.05). Teams that used the manual mechod gave problem
solutions an average value rating of 3.8. On the other hand, teams that used
the TOS method gave the same problem solutions a value rating of 4.6. Figure 5
shows that '"conventional" and "TOS" types of problem sets differed little in

the value ratings they received, regardless of problem solving situation. For
Situation One, the difference was onlv 0.3 and for Situation Two, the difference
of 0.15 is smaller yet.

Despite the low rater reliabilities and consequently larger error terms, the

main effect of methods was significant, as reported above. Tzams usingz the

TOS method gave problem solutions higher value ratings than teams using the
manual method. This finding contradicts Festinger's cognitive dissonance theo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>