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FOREWORD

The Fort Hood Field Unit of the Army Research Institute for
the Behavioral and Social Sciences (ARI) provides support to Head-
quarters, TCATA (TRADOC Combined Arms Test Activity; formerly
called MASSTER--Modern Army Selected Systems Test Evaluation and
Review). This support is provided by assessing human performance
aspects in field evaluations of man/weapons systems.

This report preseants the results of studies designed to in-
vestigate problems in handing off targets between elements of Army
air. The studies specifically addressed the effectiveness of se-
lection and training in improving the performance of personnel who
must perform target handoff as part of their job.

ARI research in this area is conducted as an in-house effort,
and as joint efforts with organizations possessing unique capabil-
ities for human factors research. The research described in this
report was done by personnel of the Human Resources Research Orga-
nization (HumRRO), under contract DAHC19-75-C-0025, monitored by
personnel from the ARI Fort Hood Field Unit. This research is
responsive to the special requirements of TCATA, the 6th US Cav-
alry Brigade (Air Combat), and the objectives of RDTE Project
2Q763743A775, "Human Performance in Field Assessment," FY 77 Work
Program.,
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STUDY OF TARGET HANDOFF TECHNIQUES

BRIEF

Requirement:

The work carried out in this study is that referred to in paragraph
2.2.1 of the Statement of Work (revised) dated 3 February 1977 under the
title "Study of Target Handoff Techniques." The following objectives
guided the course of the study:

To develop improved target handoff procedures.

To recommend new target handoff procedures. .

To produce a statement of Required Operational Characteristics
(ROC) for new or revised equipment/instrumentation.

Procedure:

A simple simulator employing static imagery was devised which would
allow pairs of individuals to perform target handoffs. This simulator
included appropriate instrumentation to record the verbal interchange
between the subjects and to accurately time the duration of the handoff.
This simple simulator served as a test bed for studies aimed at answer-
ing the following questions:

® What are the roles of verbal and spatial abilities in deter-
mining individual performance in handoff?

What are the characteristics of an effective handoff message?

Following an initial small pllot study, a full-scale effort was mounted
to provide answers to these questions.

As first steps in initiating the study, suitable imagery was
obtained for the simulations, and a battery of verbal and spatial ability
measures was compiled. Arrangements were then made for a suitable '
sample of experimental subjects. The subjects first received the test
battery and then performed six simulated handoffs. One hundred and
sixteen individuals participated in the study.:

Principal Findings:
®* The battery of spatial and verbal tests was relgtively ineffec-

tive in identifying successful handoff performers.

Successful utilization of the test battery would require

selecting only the top scorers on the tests used.

Faster handoffs use fewer words.

Faster handoffs occur when the cbserver does most of the

talking.

A high ratio of adjectives relative to nouns is associated with

rapid handoff.




® 1t is probably not possible to attempt to devise a specific set
of rules which will apply to all possible handoffs. A more
general set of rules is indicated.

® The ideas embodied in handoff simulation seems to form the
basis for an effective program of the study of target handoff.

Utilization of Findings:

The primary utilization of the effort described in this report will
be to direct the development of a systematic apprcach to the improvement
of target handoff performance. Data acquired from detailed analyses of
the recorded handoffs will form the basis for the development of train-
ing or job alds which will enhance target handoff performance.

A secondary utilization. occured as a by-product of the main study.
The simulator was, in effect, used to. provide inexpensive, highly com-
pressed practice in target handoff to. the aviators and enlisted obser-
vers of the 6th Cavalry Brigade (Air Combat). The participants in the
study were almost without exception pleased with their simulator experi-
ences and felt it had a future as a training device.
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CHAPTER I
INTRODUCTION

It has been noted that it is relatively easy for ground observers
to handoff (designate) ground targets to other ground elements., In this
instance, both are viewing the target and surrounding terrain from a
similar aerial perspective. The task becomes more difficult when a
scout helicopter designates targets for Attack Helicopters (AHs) as the
aerial perspective from which both are viewing the target differ, to an
unknown extent, However, air-to-ground and ground-to-air handoffs are
the most difficult. The common denominator im all of these situations
is the difference Iin viewing perspective between the two individuals
attempting a handoff, Because of this fundamental similarity, an im-
provement in handoff techniques for one situation should apply to all.

As an example, the ground observer may aesignate
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located among the tallest trees in a certaln grid square, but the heli-
copter pilot will be unable to discern tree height from his viewing
position, Conversely, a helicopter pillot may wish to have a ground unit
fire on a group of enemy located on a trall bend. The bend will be
obvious when viewed from above, but may not be visible frow the ground
view. Thus, differences in aerial perspective and the low likelihood
that the ground and airborne observers will understand these differences
contribute to difficulties in designating e target.

The handoff problem 18 complicated even furthér by the fact that
the parties involved are likely to be viewing the target from different
directions. For example, one observer may see the target as being 1000
meters directly behind a windmill, However, the second obse.ver, not

knowing the exact position of the firet observer, is unlikely to knoew

n B e




where "directly behind" is, even though he can see the windmill. Thus,
the handoff problem is one of considerable magnitude.

The use of maps by both parties cooperating in a target handoff
cannot be expected to improve target handoff performance. The useful-
ness of maps in target designationr has proven to be limited. The
1:250,000 scale waps carried by aircraft are not adequate for use in
target designation because of lack of detail, In addition, the accuracy
of maps in many potential combat zones is an unknown factor.

Hendoff procedures as they now exist generolly have thelr oxigin in
the recent experience in Southeast Asia (SEA). It is unlikely that this
experience will be repeated, and therefore the techniques that were
developad there will be inappropriate for future combat. The Asian
experience was characterized by unquestionad air superiority and the
lack of significant local air defense by enemy combat ur..ts. The con-
flict wes also basically an infantry or guerilla action with few defined
positions and very little armor involvement.

Therefore, it was determined that a more effective means of handing

off targets while engaging a sophisticated enemy was badly needed.

For the purposes of further defining the problem, a number of

liniting assumptions were proposed. These assumptions were as follows:
F 1. Handoff will occur in an environment with topograpny and
climate typical of central Euxcpe.

2. Handoff will occur in & mid-intense conflict with con-
ventional weapons only.

3. The conflict will be with a sophisticated enemy with an
Electronic Warfare (EW) capsbility.

4, Local air superiority will be doubtfvl and the enemy will
possesas strong air defense capability.

I-2
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5, Handoff will be from a ground or airborne observer to an

o — v

AH or gunship, or vice-versa.

6. Handoff to USAF or Navy air support units will not be

considered.

) 7. Direction to the target and designation of the target
E will be by voice channel -- which must be used sparingly. This worst
‘ case approach is dictated by the realistic assumption that combat con-
: ditions will degrade or render inoperable more sophisticated systeus.
This assumption also focuses the emphasis of the research on the most
variable element 16 the handoff -- the human.
8. The aptitude or general educational level of the indi-

viduals involved in the handotf will probably vary greatly. The

helicopter pilots will probably be a relatively homogencous gioup, well

educated with high aptitudes. The ground observers or observers in

i observation aircraft will vary across the entire spectrum of aptitude
and education,

E With these limiting assumptions in mind, an approach was developed

to further define the problem of target handoff. As conceptualized,

this approach was a five~pronged effort cousisting of:

n .

Review of Army Regulatiens, training, training materials,
doctrine, and tactics.

Review of the relevant technical litersture.
Conduct of interviews with aircraft pilote and gunners, 5
and with combat arms personnel experieuced in ground-to- !

air and air-to-ground target handoff,

Survey of a larger group of individuals with target
handoff experience.

Observation of individuals actually performing handoff.

I-3
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The primary goal of this approach was to develop a full understand-
ing of the target handoff task and to develop a wodel of the behaviors
and processes involved. Once the task was understood, then hypotheses
could be proposed for improving its performanca.

The first four of these ~ctivities were carried out ae part ol the
firat year's activity in the study, an. the results are to be found in

1

the final report authored by Tom, et *]

The present report is largely conac .ed with the results of a study

which iavolved the observation of individuals performing target hendoff

on & simple simulation. Questions of aptitudes and abilities that ﬁight

be involved in handoff are addressed, and transcripts of tepad simulated

handoffs are analyzed for clues as to the content of an effective handoff

Dessage.

Iy. u. Ton, W. L. Warnick, A. L. Kubala, and J. L. Maxey. Study of Air-
to-Ground and Ground-to-Air Target Kandoff, ARI Research Problem
Review 76-10, Human Resources Kesearch Organization, Alexandria,
Virginia, and US Army Kesearch Institute for the Behavioral and Socilal
Sciences, Arlington, Virginia, OGctober 1976.
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CHAPTER I1
EXISTING ARMY DOCTRINE

Review of relevant Army documents reveals that procedures for
handoff of targets to Army air elements are only grossly defined.
Training Circular (TC) 17-171 states the approved target handoff message
format consgistse of the following elements: -

d Alert

Acknowiedgement

Target Description

Target Location

Technique of Attack

Method of Control

Ackrowledgement

Execution

Many of these elements are simple in nature and could be accompliched
without special training or iwmproved procedures. However, descripticn
of the target and its location are not silmple tasks in a combat situ-

-ation. The individual handing off the target has the ogtion of de-
scribing the target and its location by meny methode; the final choice
18 determined by factors such as available resources, prevalent tacticsl
situation, snd of course the experience and training of the individual.

Among methods of target area description which may bte used are:

»

6rid Coordinates

Range and Directions frowm a known Point

Irc 17-17. Gumery Tiaining for Attack Helc.copters (Draft), US Army
Armor School, Fort Knox, Kentucky, August 1975,

11-1
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Range and Directione from Observer's Pesition

Range and Directions from Smoke or Other Markers

The use of any or all of these methods is dictated by local Standing
Operating Procedure (SOP). Field Manual (FM) 100—262 points out that
the ground commander and local SOP will! determine the actual control of
Atmy alr elements in the target area. PFurther, FM 44—103 states that
means for communication muzt be provided in SOP and plsns. It further
gtates that these S0Ps and plans should be exercised in the field prior
to hostilities. Thus, the Army places its rellance for effective target
handoff on procedures developed by the individual unit, and as far as
could be deteruwined, no formal trailning exists for target handoff pro-
cedures. This view was confirmed by the results of a questionnaire
administered to experienced individuals as pert of the reseerch carried
out during the first year of this research.

A review of Army-spongcvred research reveals no effort has been
directly aimed =2t developing improved handoff procedures, although
seversl references were made to problems in this area., In = parti-
cularly relevant pilzne of work, Warnick and Jonea4 administered a
questilonnaire to Army seroscout pilots snd observers wiio had served in

combat with air cevalry units. The survey wus aiwed at the exwaination

FM 100-26. The Air-to-Ground Operatione Syetem, US Department of the

Army, March 1973.

5PM 44-10. Ammy Air Space Control Doctrine, US Department of tke Aruy,
March 1973.

%4. L. Warnick and D. Joues. Aeroscout Pilot and Aeroscout Cbservar
Responses to the Air Cawalry Tactical Information Survey, Reaearch
Product 72-37, Human Resources Reseerch Organizatioa, Alexandria,
Virginia, September 1%72.

I1-2
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of methodis and techniques used in SEA with the obhjective of developing a

basis for training development. In responding to the survey, pilots
reported that communications with the Forward Air Controller (FAC)
should te the subject of formal training. The respondents specificalliy
noted that brevity, exactness, and planning were particularly important

ingredients in efrective airstrike control.

Subsequently, Warnick5 asked a sample of Army helicopter pilots and

observers to rate statements of skills or knowledges for a requirement
in terms of their importance for combat job performance. The goal of
Warnick's research was to identify skills and knowledges for an aero~
scout training program. Warnick identified certain skills and knowl-
edges, rated as important, that have application to the study of target

U, L R
rocedures. i1NES8E were:d

* Reporting information
Briefing USAF forward air controllers
Directing ajrstrikes

Abllity to relate terrain features to their represen-
tations by either map or photo

Researchers at the US Army Combat Developments Experimentation
Command (USACDEC)6 looked directly at the problem of unassisted ground-

to-air target handoff. However, these studies suffered from a lack of

W. L. Warnick. Combat Jcb Requirements for the Air Cavalry Aeroscout
Pilot and Aeroascout Observer, Technical Report 72-37, Human Resources
Research Organization, Alexandria, Virginia, December 1972.

bys Department of the Army. Attack Helicopter - Daylight Offence,

Vol V, Pinal Report, Phaese I and 1I (4ir-to-Ground Target Acquisition
and Hand-Off), Report No. FC 003, US Army Combat Development Experi-
mentation Command, Fort Oxd, California, May 1974,

II-3
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cembat reslism; the observer was not required to direct the AH to the

target area and target location was given in either grid coordinates or

a known search area. It was noted, however, that ground observers were

never gure of how thelr perupective differed from that of the pilot.
Additionally, enlisted observers were gseen to be far less skillful imn
handoff when compared to officers, their messages were longer, less

precise, and tended to be "wordy." 1t was further noted that observers

should give the pilot only general terrain features when designating the

target; descriptions were often too "fine grained" for the AH pilot to

use effectively.

RELATED COMMUNICATIONS RESEARCH
The problem of target handoff has received some attention in re-

gsearch sponsored by the United States Air Force (USAF). The impetus for

this research was furnished by & study of target handuff between air-
borne FACs and high performance aircraft conducted in SEA by Simons.7
Simons found that while a wide variety of techniques were used to desig-
nate target location, the use of terrain features as reference points
was common.

Simons' major emphasis, however, was on the critice!l role

of effective communications between the individuals pexrforming the

handoff. Simons' findings are easily generalizable to any eicuation in

which an individual must describe a target location to¢ another who has a
differing perspective of the terrszin. Simons made the following recom—

mendations for improving target location accuracy:

e

73. C. Simons. Low-Altitude Resonmaiseanse Strike Techniquae, Probleme,
ASD-TR-67-~17, Detachment 6, Aerosystems Division Liaison Office, South
East Asia Alr Force Systems Commsnd, Decembar 1967.

I1-4
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When describing targets, start with large prominent
landmarks aund move down to smaller objects near the
target.

Never proceed with a target description until the recipi-

et acknowledges a full understanding of the reference
landmark.

Us2 relative distance and bearing terms.

Each of these recommendations was pruperly interpreted as a hypothesis
by the USAF and a considerable amount of research followed Simons® find-
ings. The main thrust of the research concerned itself with the im-
nrovement of communicatlons between the FAC and the attack aijrcraft.

A4s a direct followup of Simons' work, Morrissette8 analyzed re-
cordings of FAC/Tactical Aircraft (TAC) communications obtained under
combat conditions in SEA. Morrissette began by ramking the missions on
the basis of time from initial contact to sirike to determine if dif-
ferences in communications content existed betweea siow and fast mis-
sions., He then cerried out a detailed content analysis of the ten
fastest missione and the ten slowest missions. Morrissette termed the
fast missions effective and the slow wissious ineffective. Under
similar wission conditions, the individuals involved in the effective
mlssions were seen to communicate more effectively than the individuels
involved in the ineffective missions. The FAC in the effective missions
used fewer words in directing a strike than & FAC involved in the
ineffective miselons, (During the communications between FAC and TAC,

92,9 percent of all comments involved verbalizing the location of targete,

83. 0. Morrissette. 4 Content Analysie of Communicatione Between Forward
Air Controllers and Tactical Aireraft Pilote, AMRL-TR-70-95, Aerogpace
Medical Research Laboratory, Wright~Patterson AF3, Ohio (in process).

II-5
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airplanes, people, and guns.) DMorrissette felt that FACs should be well
practiced in communicating their own locetion, de :ribiag target loca-
tionl—and recommending mode of ordpance delivery., Morrissette further
recosmmended that emphasis should be placed on training FACs to identify
terrain referents that are readily discernible by high-flying attack
aircraft. Similarly, the FAC must be able to give direction information
clearly, using relative units of measure. However, a&s was pointed out,

it remains a question if the results obtained from his data would hold

over different kinds of direct fire-support missions -- different terrain,

day/night, etc.

In a scudy similar to Morrissette's, Siskel and Flexmang studied
air crew conordination under simulated condi{tions. They noted that with
increased training, communication transmission rates dacreased (i.e.,
the cowmunicaturs spoke less frequently), while the number of expres-
slons of complete thought also declined. Siegel and Federman10 followed
up on Siskel and Flexman's work with a series of studies designed to
take a close look at communications between and among crews of antisub-
marine attack helicopters. The crewe performed simulated exercises and
their communications were recorded. The resultant recordings were then
subjected to a communications counteat analysis. Factor analysis was
performed on the results of the communications content analysis of two

studies. Three factors which were common to both studies were identi-~

fled:

9H. Sigkel and R. Flexman. Study of Effectivencss of a Flight Simulator
for Training Complex Airorew Skille, Bell Aeronautics Company, 1962.

loA. I. Slegel and P. J. Federman. '"Comgunications Training as an Ingre-
dient ir Effective Tesm Performance," Ergonomice, 1973, 16(4), 403-416.

II-6

e aaah

§ e B LR oY b e ks Y S

L T ANk 4

pra |




1. Leadership Contreol
2. Probabiiistic Structure

3. Evaluation Interchange

Siegel and Federman {pp 407-408) define these factors as follows:

Leadership control connotes the provision of an atmosphere
. in which opinions of other crew members are allowed to
emerge. This atmosphere prevails up to the point at which
the team leader makes a decision. Prior to the decision
making point, the opinions of others are solicited and
welcomed, divergent cpiniuns are allowed expression, data
are accepted from all sources for consideration, and the
formulation of hypotheses is encouraged. After all data
are collected, the leader comes to a decision and insists
that his crew carry out this declision. After the decisizn
point, the atmogphere changes to that of command and con-
trol, so oriented that the decision is carried out....

The second factor denotes an active weighing of probabilicies,
a test of 'fair change', a questioning of assumptions and of
the appearance of truth. The factor implies that bettev teams

make tests of plausibility and likelihood. These are char-
acterized by 'what if' type staieuwenis and by information and

opinion supporting the alternatives brought about by these
statement:s. In brief, units maintaining this structure think
logically and reason rather than perform routinely. Behaviour
1s marked by the desire to obtain more information and opinion
before coming to a decision and the attitude reflects this
permutative thinking. The behaviour underlying thils factor
can be further described as reflecting cohesive and inter-
locked communications which seek active exploration of the
data and of alternative courses of action.

The third factor, evaluation interchange, was described as follows:

This factor identifies communications in which there is an
! _ interchange of ideas, proposals, and data, The interchange
b : entails an evaluative reciprocity between team members. Here
are communications in which 'requests for' and 'provides'
information come into play. The content supports and enhances

a probebilistic structure and provides a basis for the think-
i : ing within the structyre.

e
.

P

These three factors were then used as the basis for constructing an

experimental course of inrstruction. The course was thee evaluated using

a two group, posattest only design. The subjects were drawn from a pool
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of Navy helicopter crews at Ream Field, Californis. Sixteen crews com
posed each group. There were no differences in perfo.mence attributsble
to enhanced communication but the results were largely confounded by a
difference in experience becwesn che two groups. Inexplicebly, o
attewpt was made prior to the experiment to determiue if individuals
assigned to the groups differed with respect to experience in-the cxi-
terion task. Unfortunately, the group which did not receive the com-
munlcations training was significantly more experienced than the
experimental group.

Simons and Valverdelz followad up on Simons'12 earlier work and
proposed a simple voice communications training program. They con-
sidered the task of vorbalizing visual imagery as a critical FAC/TAC
function. The criticality of this task in Army aerial observer per-
formance was noted earlier by Whittenburg, ggygl.ls Simons and Valverde
describe a simple simulator/trainer which would provide visual/verbal
experience to an FAC/TAC "team." This simulator presents identical
scenes to both FAC and TAC pleyers which differ in appareat altitude and
occasionally in horizontal angle of regard. The images are on 35mm

color slides which were showmn to the subjects on back-projection screens.

One observer (usually with the closer view) attempts to describe the

115, ¢, simons and H. H. Valverde. Voice Commmications Training For
Forward Air Contrcller/Strike Target Locatore, AFHRL(TR)-TRM-2,
Advanced Systeme Divigiou, Wright-Patterscn AFB, Chio, Januazy 1971.

12g4mons, op. ectt.

137, A. Whittenburg, A. L. Schriber, J. D. Robinson, and P. B. Wordlie. :
Research on Human Aerial Obgervation: Part I: Sumnary, Research i
Memorandum, Human Resources Research Organization, Alexandria, :
Virginia, July 196C.
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location, and thus "handoff" the target to the other observev. Prelimi-

nary assessment showed that the major porticn of the time in a simulated

strike mission was spent in verbalization of visuyal ilmagery. Experi-

enced FACs could not discriminate between transcripts of communications

obtalned with the trainer and those obtained from actual combat mis-

sions. While observing individuals practicing on the cimulator, Simons

and Valverde proposed that certain skills may be important in deter-
nining effective target description. Briefly, these skills were seen to
be:

Accurate distance estimation.

Ability to combine landmarks into a’coherant description.

A generalized ability to "'decenter" perception and
attend to the entire scene.

To the extent that t handof{ as practiced by Army air elements

resemble Air Force practice, possession of these skills may be important

to an effective handeff between Army elements. A number of situatiomal

factors were also identified which served to define the difficulty of
the handoff task:

¢ Observer's bearing from Aircraft (AC) location.

Differences in altitude between observer and AC.

Uniqueness of landmarks.

* Aunount of scene structure.

In a followup effort, Valverde, Kearns, and Woods!?¢ formaily

evaluatedthe FAC/TAC trainer. The evaluation used a pretest, posttest

14y y, Valverde, N. H. Kearns, and W. J. Woodas. ZEvaluation of a Device
to Train Forward Air Controllers to Communicate Target Location, AFHRL-
TR~-72-12, Air Force Human Resources Laboratory, Alr Force System
Command, Wright-Patterson AFB, Ohio, May 1972.
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two-group design with 17 subjects in an untrained group and 18 in a

- trained group. Tramsfer of training from the simulator to alrcraft wes

assessed using cight subjects from each of the two groups. Ynfortu-
nately, this small pumber of subjects coupled with an inadequate plan
for rating flight behavior ccmtributed to a poor outcome. Valverde
et al., realized thase shortcomings, noting that the tested groups did
not provide a suificlently wide base for g realistic evaluation. They
also noted that the performance rating instrument was sengitive only to
gross differences in performance levels. USAF officers who had observed
the FAC/TAC trainer in use were, however, sufficlently impressed with
its usefulness to cause two duplicates to be built. OUmne was sent to
Eglin AFB, Florida, for use in training FACs. Unfortunately, no hard
data were obtained showing that the use of these devices xesulred in in-
creased airatrike efficiency.

Laveson and DeVr1e315 also looked at USAF FAC/TAC communicaticns
and decided that a lexicon of terrain descriptors based on natural
language preference would be & significant contribution. The same

combat tapes analyzed earller by Mbrriesette16

served as the starting
point for this research. Laveson and DeVries' analysis showed that the
ineffective slow missions had the following characteristics:

. More information statemente.

2. Lack of terrsin feature lexicai agreement.

. St NI ™~ e m——

155, 1L, Laveson and P. B. DeVries. Forward Air Controller-Tactical Air
Comnand Ptlot Communications and Oriemtation, McDonalé-Douglas Astro-
nautics Corpeoration-East, St. Louis, Misscuri, August 1973,

1°Morrissette, op. eit.
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3. Inaccurate absolute distance estimates.

4. Use of clock headings in preference to compass headings.
Laveson and DeVries then set out to develop a structured lexicon of
labels for terrain features and to determine if such a lexicon would be
an effective aid in target location. The importance of developing a
lexicon 1s supported by the general literature which shows the effec~
tiveness of labels in such a usage.17’18’19

A group of experienced pilots was asked to view photos of 21

terrain features and give a name or label for each. This procedure
generated 550 different labels. The photos were then grouped into six
mutually exclusive categories by the judgment of the researchers.
Subjects were given all pairs of photos within a category and asked to
supply a single label for each one that would distinguish it from all
others with which it was paired. The choice of this strategy may be
disputed however as use of a single label may not be maximally effec-
tive.20’21 Regardless, Laveson and DeVries performed a content analysis
of the resulting unique labels which was then used to produce a lexicon

of terrain descriptors. The resulting lexicon was then evaluated as to

17C. W. Eriksen. "Location of Objects in a Visual Display as a Function

of the Number of Dimensions on Which the Subjects Differ," Journal of
Experimental Psychology, 1952, 44, 56-60.

180, w. Eriksen. "Object Location in a Complex Perceptual Field,"
Journal of Ezperimental Psycho.ogy, 1953, 49, 126~132.

19?. A. Katz and E. Zigler. "Effects of Labels on Perceptual Transfer:

Stimulus and Development Factors," Journal of Experimental Psychology,
1369, 80(1), 73-77.

20griksen, op. cit., 1953.

ZlEriksen found that targets which could be labeled according to several

unique characteristics could be detected wore effectively.
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its effectiveness in improving the ability to locatz target and terrain
features, The results of the evaluation are unclear, as practice ef-
fects and Individual differences in search strategies combined to swamp
the effects of lexicon training. The possibility of combining a lexicomn
with training in search strategy was not explored. However, such a
combination might pruve effective in improving target location perfor-

mance.

\

COMMUNICATIONS ANALYSIS METHODO! OGY

Because of the fmportant role of vouice communications in target
description and location information, it is appropriate to examine some
of the methodology of communications analysis. Chamber322 considered
methods for evaluation of speech communications with particular refer-
ence tc high-speed, low-level strike aircraft, Chambers pointed out
that even though mission planners and tacticlans can conceive of elabo-
rate attack systems, the inherent unreliability of the communicatiomns
process will likely seriously degrade the probability of mission suc-
cess, Chambers then proceeded to review the state-of-the-art in com-
munications analysis and evaluation and concludedl that most of the
techniques are related to intelligibility, and are laborious and time
consuning to apply. In the specific case of alr-to-ground communiza-
tions, Chambers recommended the Message Rate Efficiency Test (MRET).
The MRET was developed by the British Telephone Adminlstration and is

described by Munson and Karlin.23 The MRET was originally intended for

225, Chumbers. A Review of Teats for the Evaluaiion of Speech Commuinication

With Particular Reference to High Speed Low Level Strike Aireraft, Techmi-
cal Meporandum ED-543, Royel Aircraft Establishment, May 1973.

279, A. Munson and J. E. ¥arlin. "Igopreference Method for Evaluating
Speech-Transmission Circuits, " Journal of the Acoustical Soctety of
America, June 1962, 34(6), 7€2-77/.
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use in measuring comwmunications efficiency in two-way conversations in
which the communicants seek to sclve problems requiring an exchange of
information. The communicants attempt to arrive at a solution by ques-
tions and answers in a minimum amount of time. The measure of message
rate efficiency is the ratio of the average time to solve problems over
the circuit to be evaluated to the time required whem a high quality
circuit is8 used. However, because the focus of this wethod is on hard-
ware, it may not be of much use in studying the sort of problem posed by
communications in target handoff. In addition, 1f enough time is spent
communicating information about target location and the pilot has un-
limited time to search, the probability that the target will eventually
be located becomes nearly unity. The effectiveness of a real mission,
however, is highly dependeni un the expenditure of a minimum amount of
time. A criterion for communications efficiency in this instance might
be whether the target is identified within a time 1limit which is based
on the maximum allowable for an effective mission.

A promising method of analyzing speech communications is described
by Garvey and Baldwin24 and Baldwin and Garvey.zS This method was
developed to analyze verbal interchange between two individuals mutually
trying to solve a problem. Baldwin and Garvey term communications under

such conditions as comvergent. In a third effort, Baldwin and Garveygs

24, 5. Garvey and T. L. Baldwin. '"Structures in Convergent Communication.
I. Analysis of Verbal Interaction," JSAS Cuzalog of Selected Documents
in Psycholcgy, Winter 1972, 2, 17, (MS 77).

257, 1,, Baldwin and C. J. Garvey. ''Studies in Counvergent Communication:
Il: A Messure of Communication Accuracy,' JSAS Catalcg of Selected
Documente, Wiater 1972, 2, 18 (MS 78).

ZST. L. Baldwin and C. J. Garvey. ''Components of Accurate Problem-Solving
Communications," Journal of Educational Research, Winter 1973, 10(1) 39-48.
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reported considerable lahoratory research which they deccribe as in-
volving convergent communication. They define convergent communication
as a communication in whicﬁ two persons cooperatively exchange iunfor-
mation in order to reach an explicitly defined goal. It was further
specified that the two persons together have sufficient information to
golve a given problem, but neither perscn is able to solve it alomne.
Therefore, a cooperation and convergence of information is necessary in
order to reach a sclution. Baldwin and Garvey further postulate a
distinction batween the functions of the two participants. One function
is that of a knower, who is cognlzant of the final form of the solution
(e.g., the type and location of a target). The other function is that
of a doer, who is aware of the problems which emerge i1 the course of
the interaction and has the responsibility for executing the solution
(e.g., firing at the target).
According to Baldwin and Garvey, there are five stages of problem

golving under conditiors of convergent communication:

1. Definition of the general problem.

2. Orientation of the doer to the knower's problem.

3. Identification of essential information.

4. Synthesis of the information and formulation of the
solution.

5. Verification of the correctness of the solution.
Under this paradigm, success in reaching the common goal is largely
Jetermined by the ability of the individuals communicating to perform
these cooperative componéhts effectively.
The methcd of content analysis recommended by Baldwin and Garvey

relies on tralned judges and produces categorles of content which are
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consistent across a variety of tasks. In addition, high inter-rater
reliabilities are reported. This method appears to be very well suilted
i to the sort of structured communication which must take place between
alr and ground. Analysis of target handoff messages using this tech-
nique may be quite revealin: when gffective and ineffective missions are
compared.

Baldwin and Garvey's work was based, in part, ou a review and syn-
thesis of the literatuie by Mehrablan and Reed.2” Mehrabian and Reed
conceptuclized communication accuracy as a dependent variable which 1is
influenced by variation in five sets of factors. These factors are:

* Attributes of the communicator.
Attributes of the addressee.
Characterlstics of the communication channel.
Characteristics of the message.
Characteristics of the referent (object being described).

According to these investigators, the Important attributes of both

NP e TN TL L B e

addressee and communicator are:

* Level of cognitive development.

Coding rules employed.

. Attitude toward referent.

Rate of information processing.
Relevant channel characteristics are:
. Number of chennels.

Probability of modification in transmiassion.

Availability of feedback.

275, Mehrabian and H. Reed. '"Some Determinants of Communication
Accuracy," TFuychological Bulletin, 1968, 70, 365-381.
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Relevant message factors include:

Degree of simultaneous redundancy of coumunicction.

Degree to which 2 communication is defined independently
of the situation or context in which it is presented. .

Relevant attributes of referents are:
¢ Ambiguity.
* Complexity.

Conslderacior of these factors and their effects on communication
accuracy led to the formulation of a number of hypotheses which will be
valuable in gulding a study of communicatione in target haudoff, In the
cagse of any two individuals performing a handoff, there probably will be
differences in the level of cognitive develcpment of the participants.
One typical index of cognitive development is age. However, differences
in cognitive development are ealsu appareat between adults of the same
age. In adulits, differences in the Jevel of cognitive develcopment
appear as differences iIn personality, i.e., field-dependence/inde-
pendence. According to research reviewed by Mzhrabian and Reed, the
accuracy of communication in a dyad appears fixed by the individual with
the lowest level of cognitive development. The extent to which cogni-

tive development could be modified te increase the probability of

accurate communication is unknown. Rowever, some encouragement ig given

ey

by Brinkman28 who reported success in deveioping inatruction for en-

hancing perceptual discrimination. Mehrabian and Reed also quote

.
:
i

limited data which show that communication accurscy was increased by the :
use o common codiag rules by the two individuals communicating. They

also note that coding ruleg, to be effective, must bs well defined.

285. H. Brinkman. '"Programmed Instruction as a Technique for Iuproving

Spatial Visualization," Jourial of Applied Psychology, 1966, 50, 197-184.
I1-16
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29
Johnson and Gross came to a similar conclusion, stating that communi-

cation accuracy may be a function of the extent to which the communica-
tors' tendencies to name and describe objects are similar. Unfortunately,
it is likely that coding rules, attitudes and the rate of information
processing will differ between any twe uns~lected individuals, and
therefore communication accuracy between them will be lesg than optimal.

On a more positive note, Mehrabian and Reed also hypothesized that
communtcation &:curacy could be increased by the degree to which the
decoder cnuld act 1o control the rate of information processing. Ac-
curacy ¢° comr .olcation may alsc be enhanced by structuring the message
format to ensure szxrisl and simeltaneous redundancy. Additionally, if a
message can be reed fro; a limiting context it is more likely to be
perceived accurately, i.e., a message must contain encugh genceralizable
etcaencs8 to be uvnderstcod »n its own. Finally, Mehrabian and Reed
hypothesized that communication accuracy decreases as the information
content (or compiexity) of a referent increases.

Each of the attributeg or characteristics mentioned above suggests
a hype  vesis concerning communication in target handoff which could be
readlly tested 1in the laboratory. In.fact, several of these notions
were consldered and formed the basis for hypotheses which were tested as
part of the effort perforued during the second year of the target hand-
off research. This body of information dealing with communication
snalysis was very useful in that it then provided conmsidersble infor-

r.ation for the future conduct of research in target handoff. The

28g. L. Johnson and H. S. Gross. ''Scme Factors in Effective Communi-
cation," Language and Speech, 1968, 11, 259-263.
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primary task then became one of finding oit more about the cenduct uf
the handoff task itself. Combat tapes were scught, but proved umavail-
able. Audio tapes were obtained vf a test involving target handoif
conducted recently at TCATA. However, the handoffs contained on these
tapes were considered to lack combat realise and their overall techmical
fuality was very poor.

It was clear thep that some arrangement had to be made for ob-
serving the individuals performing a handoff task. Information based om
these observations, coupled with the findings from the literature.
should combine to form a solid basis for improving performance in hand-

off. The following chapter outlines the approach taken to obtain this

neaded information.
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CHAPTER II1
SIMULATION OF TARGET HANDOFF

As noted previously, the achievement of a detailel understanding of

the target handoff task requires that the task be actively observed

while it is being performed. Because of the great cost involved, it

would not be feasible to stage a realistlcally simulated engagement with

handoff. Additionally, it would not be possible to "stop" the action in

such an engagement to question a particular action. Consequently, it

was decided to develop a simple simulation which would allow access to

the handoff tagk ag it 1s being performed.

There are other reasons for developing simulation. Simulatioa

provides an excellent environment for training personmel to function

effectively in a sysiem. Many of the varlables in the learning environ-

ment may be controlled., 1In addition, the instructor has immediate

access to the behavior under instruction and can provide adjustments in

the experience and give feedback as required. Thus, the trainee can

recelve immediate knowledge of results without the detrimental effects

of performing incorrect actions. Additional advantages of using simu-

lation are:

a. Control over time. Simulatlon can be used to speed up

the rate at which events unfold or slow them down. A rate can generally

be selected which will be amenable for the particular methods of obaeiw

vation being used.

b. Precise coentrol over situationgl and experimental factore.

This advantage in control allows the experimental examination of factors
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which are important to the goal of an experiment without contamination
from undesirable gsources of varieation.

c. Ability to repeet a situation a relatively unlimited
nugber of times when it is8 desirable to do so.

d. Simplification of the complex environment within which
the actions normally occur. Simulation will allow the isclation and
extraction of only the most relevant variables for incorporation in the
training.

It is intende’ that the observations made under simulated condi-
tions tramsfer and apply to the real world. Since the ultimate goal of
this research 1s to provide improved target hendoff procedures that wilil

¢ be useful in combat, defining the conditions of transfer 1s very impor-
tant. The degree of tranafer appears to be directly related to fidelity,
or the extent to which the simulation represents the real world situ-~
ation.

The fidelity of simulation is composed of both phyeical and gsy-
chological dimensions. Physical fidelity refers to the exteni to whicn
the simulation represents the environment and equipment characteristice
of the real situation. Conversely, psychological fidelity concerns the
degree of similarity between the psychological demands of tasks in the
simulation and in the real world. A number of researchers have con-
c¢luded that psychological fidelity is more important for adequate

1,3’3;415

transfer than physilcsl fidelity. In fact, there is some evi-

JJ. Cox, R. Wood, L. Boren, and H. Thorne. Functional and Appearance

Fidelity of Training Devices for Fixed-Procedure Tasks, Technical Report

65-4, Human Resources Research Organization, Alexandria, Virginia, June 1965.
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dence that too much physical similarity 1s possible and may lead to
decreased transfer.6 It is, however, possible to have fidelity in the
simulation of psychological factors with limited simylation of physical
factors. If successful, such a simulation would be very cost effective
and it would allow close focus on the behavior under study while effec~ !
tively excluding competing tasks. The actual tradeoff between cost and
physical fidelity is affected by too many factors to allow the formu-
lation of simple decision rules. The decision must be made on the basls
of a systematic conslderation of the behavior involved in the task at
hand, and a careful appraisal of the resources required for a realistic
level of physical fidelity.

A further aspect of simulation is that of abstraction. Harman7

suggested that the varieties of simulation -- replication simulation,

miniaturization, laboratory simulation, etc., could be ordered along a

)

“D. L. Grimsley. Acquisition, Retention, and Retraining: Effects of
High and Low Fidelity in Training Devices, Technical Report 69-1, ‘
Human Resources Research Organization, Alexandria, Virginia, February !
1969.

3R. N. Isley. Inflight Performance After Zero, Ten, or Twenty Hours of
Synthetic Instrument Fiight Training, Professional Faper 23-68, Human
Resources Research Organization, Alexandria, Virginia, June 1968.

4F. Muckler, J. Nygaard, L. 0°Kelly, and A. Williams. Psycholegical
Vartables in the Deeign of Flight Simulatore fer Training, WADC Techni-
cal Report 56-369, Aeromedical Laboratory, Alr Research and Development
Command, Wright-Patterson AFB, Ohic, January 1959.

. w. Prophet and H. A. Boyd. Device-~Task Fidelity and Transfer of
Training: Ailreraft Cockpit Proceduree Training, Technical Report 70-19,
Human Resources Research Organization, Alexandria, Virgimnia, July 1970.

6R. Ammons, C. Ammons, and R. Morgan. Tranefer of Training in a Simple
Motor Skill Along the Speed Dimension, WADC Technical Report 53-598,
Wright Air Development Command, Wright-Patterson AFB, Ohio, 1954.

7H. Harman. Simulation: A Survey, System Development Corporation,
Santa Moanica, California, July 1961.
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dimeusion of physical abstraction from the real world. Ome end of this
contimnua would be represented by a high-fidelity replication of the
ayatem and the other by a mathematical model. A good simulation would
be designed at a level of abstraction which best represemts the appro-
priate aspects of a system for cost-effective transfer of traiming. It
was declded, therefore, in the waning days of the first year's contragt
effort to design a simple =mizmumlation which would be aveluated as g
research tool in the study of target hamndoff.

The primary concetn in the design of a target handoff simulator/
trainer was the determination of the dimensions of the tasks to be
trained. The literature cited in Chapter II of this report revealed
some of the psychological aspects of target handoff. From thls literature,
it is apparent that the handoff task primarily consists of one indivi-
dusl verbalizing visual imagery to another. The purpose of the exchange
is to solve a problem (locate a target) in the minimusm amount of time.
Each individual has only partiasl information te reach a solution.
Initially, only the observer will know the target location and he must,
by conveying a certain quantity of information, direct the AH pilot to
it. The solution in the case of target handoff is the location and
successful engagement of the target by an AH.

Therefore, the gimulation muat present visual stimuli to & pair of
players, one of whom will act as the observer and the other as an AH
pllot. The imegery presented to each player must duplicate as much as
possible the view as it would be in real life. Differences in altitude,
range, and angle must be incorporated into the images as &ppropriate.

Whether or not the imagery preseated to the judividual playing the role
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of AH pilot should reflect the motion of the ailrcraft cannot be ad-
dressed at this point. A study which would compare both still and
motion pilcture imagery of comparable target areas would be necesasary to
answer this question. It is clear, though, that motion picture imagery
would be more expensive to obtain and project. An intermediate solution
would be to use a series of gtill photographs taken from an aircraft as
it moved toward the target location. Thus, the player in the pilot
position would receive "updates' of the sceane which might realistically
relate to glimpses of the terrain seen by an AH "popping up" for orien-
tation as it approaches a target area.

However, upon careful consideration, it seems that most of the
basic aspecta of the target handoff task can be contained in a minimum
get of sraric imagery, As au example, two photographs of the same area
with a target which differ only in camera position should provide the
basic stimull for a simulation of target handoff. Neither individual
would be allowed to zee the other's imagery, and some means of vcice
communication should be provided. Given a few rules and instructions,
the players would theu begin, one helping the other find the target.
Intuitively, 1: appears that this simple-minded situation contains the
esgential elements of target handoff. A similar conclusion was reached
by Simons and Valverde8 in the USAF FAC/TAC target handoff research

discussed earlier.

83. c. simons and H. H. Valverde. Voice Comminications Training Fop
Air Controller/Strike Target Locators, AFARL{TR)-TRM-2, Advanced
Systems Division, Wright-Patterson AFB, Ohio, January 1971.
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PILOT STUDIES

Gnitial resgnrch was akmed 8t evaluetiog & siwple static sinulatiocn
with oegerd to dis genaral sultabildty as & wehlcle with athich to
fartiper study tmrget handoff. The eguipwment wmsed fo. dids plkat work
ee minimal -- & pair of 15 x 20" M 'polaccat’ badk-projection screens,
& palr of 35mm slide projectors, & set of Army £ield welephones to tie
whe players and the expenimenter together, snd o iApe recarder 4o ac-
guire and store the players' interchanges. This -equipment was felt o
be adequate for initial emall pilot dnvestigations. The screen and -pro-
Jector furnish .each player with bright, sharp imagery while the phoneas
previde a convenient means to .cemmunicate. In addition, the experi-
menter can wonitor the players' communication as he observes their
actions.

The imagery required far the simulation shonld present views to the
playere which would differ sealikatically in perspective. The ddeal
method to obtain this dmagery weauld ibe -to take pictures from an aircraft
of an area containing a target, ‘while varying range, sltitude and head-
dng. This method would require fdetalled study of mape to select an area
of terrain, followed by & fly-auwer o verify «he nature of the terrainm.
Then a target(s) would be .emplaced and photagraphs of the ‘target area
taken &t several points along several preplenned flight paths.

Unfortunately, it proved impossible to secure the regquired logis-
tical support due ¢ limitationms on the use of fuel. Therefore, a
substitute had to be found. A @earch revea'ed .the existence of a pos-~
sibly usable set of 35mr Bktachrome transparencies at ‘the HumRRC Central

Division in Pensacola, Flordda. These truynaperencies were the htasis of
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a set of training materials developed for low-altitude aerial observa-
tion and consist of view of terrain and target objects taken from a
variety of altitudes and angles of view. The set at Pensacola was
composed of approximately 5000 slides. A staff member was assigned to
sort through the set and select those slides which seemed moat useful
for a study of target handoff. The slides selected (107) can be sepa-
rated into two broad categories. The first set of six slides features
military targets: a 105mm howitzer, low clutter; a 105mm howitzer, high
clutter; a caliber .50 machinegun, high clutter; a 106mm recoilless
rifle, high clutter; and an M48 tank, high clutter. Determination of
the degree of clutter was by the subjective judgment of the researchers
who originally compiled the entire set of transparencies. The second
set of six sliies consisis of transparencies of differing terralu. Each
plece of terrain was photographed from different angles and elevations.
No military targets are present in these transparencies, but each shows
a number of features, i.e., vehicles, buildings, etc., that could be
arbitrarily designated as targets. Thuo térrain in these photographs is
rolling, moderately hilly, with deciduous forest. Streams are present
as well as numerous cultural features, e.g., roads, bridges, train
tracks, bulldings, etc. Some of the transparencies were taken from a
low elevation and could be employed to simulate the view ground obser-
vers would see from a moderately high vantage point.
Unfortunately, on closer inspection, the trangparencies apparently
vary greatly in density and color fidelity. 1In additioan, simce the

transparencies are some 16-18 years old, time, in the form of scratches
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and smudges, has taken its tall. Thus, while theae tramaparencies ware
uvaeful for pilot atudtes, it wvas seen s6 important ta ohtain new atimu—
lus materials for Zurther wark. The objective of vhke initial pilot
ptudvaas to estimate the usefuiness of the aimple static simulation as
a research vehicle in the stuly of target handoff. Four paira of tech-
nically adequate tranasparencies were aslectad for this first atudy. The

peirs of tramsparencies weve presented in an approximate order of in-

sveasing difficulty.
The pillot study begam on 26 April 1976 after having experienced §
several delays occasioned by difficulties in obtaining equipment, space,
and subjects, A questivnpailre previously circulated around HQ, TCATA
served to identify individuals with targe: handoff experience. As a

result, contact was made with a number of individuals who had reported

Lo,

considexable combat experlence lu target hamdoff. ‘ter considerable b
difficulty, a small pool of voluntser subjecta was obtained and a

schedule arrenged to run them iz pairs on the simulationm.

As the subjectes arrived they were briefad as to the objective of

the study and details of its conduct. The roles of observer and pilot

o fdsal oo &L

were then asaigned raundomly to the members of the pair. The psair was

then seated, inatructed in the copsunicatiocns protocal to be used, and

¥

! after all queetione were amswered, they procaeded through the four pairs
of transparencies "handing off" targets. The criterion of performance

wag time to detection for each pair of slides.

e e e,

The experimenter was required to aimultansously cycle the alids
projectors, turn on the tape recorder snd begiu timing. A common ]

rocket stopwatch was used for this work as no other alternative was

il

available.
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The pilot study was terminated after seven pairs of subjects had
been run. Difficulties with scheduling subjects, coupled with a growing
appreciation of the inadequacy of the equipment caused the experimenter
to cancel further study. Failure of the recording equipment prevented
the preparation of usable transcripts of the simulated handoffs, while
use of the stopwatch prevented accurate timing of performance. However,
the experiment was valuable in that it pinpointed needed areas of im~
provement in the simulation equipment, i.e., better timing gear, reliable
voice recording equipment, and clearer, more appropriate imagery.

The pilot study generally achieved its goals, in addition, the
experimenter was able to observe 28 simulated handoffs. These obser-
vations led to the formulation of several hypotheées which could ke
fruitfully examined by future research. These hypotheses will be dealt
with in depth in the following chapter. It was also apparent that
considerable individual differences in the ability to perform handoff
existed, and that much more data would be required before answers to the

many questions surrounding the handoff problem could be answered.
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CHAPTER IV
DESCRIPTION OF THE STUDY

As the shortcomings of the "first generation' target handeoif sim-
ulator hecame apparent, plans were made to remedy the situation. First
priority was given to improving the simulator hardware. Specifically,
this meant providing a means of accurately timing the duration of the
handeoff as well as acquiring a capability of reliably recording the
verbal interchange between the players.

Extensive inquiry revealed that HQ, TCATA did not possess any
equipment that could meet the desired timing and recording requirements.
An inquiry to ARI-Arlington did, however, result in the acquisition of a
usable electric stopclock. Accurate timing of a handoff requires that
the experimenter be able to start the stopclock simulteneously with the
presentatior of the visual stimuli to the players. This important
experimental control could be optimally achieved by a relay box which,
with a single switch action by the experimenter, would cycle the slide
prejectors and start the stopclock. Similarly, the relay box must allow
the pilot player to press a switch when the target was acquired. This
action would stop the clock, but not cycle the slide projectors. Thus,
the stopclock would reflect time elapsed between presentation of the
stimuli and location of the target. The HumRRC project stuff at Fort
Hood did not have the equipment or the experience to build the required
relay box, nor did such a capability exist at either the ARI Field Unit
or TCATA. Accordingly, it was decided to "farm out" the construction of
the relay box to the HumRRO Field Unit/Ffort Bliss, which at that time
possessed the shop and engineering capability necessary to produce the

desired equipment.
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Acquisition of the needed voice comstunication and rerording equip-

} ment locally piryved to be impossible. However, a stefif wembar unearthed }
most of the equ.pment desired in the imventory of the HumRRO unit at i
Fort Bliss. A trip was required to bring the equipwent to Fort Hood.
Briefly, the equipment consisted of:

® An Ampex F44 four charnel reel-to-reel tape
recorder with playback amplifier and monicoring
capabilities.

A palr of Altec condanser microphonee.

A four channel mixer.

Headsats,

This equipment, supplemented by other items purchased locally, linked

the two player: :ogether with a voice clrcuit and also provided the ]
experimenter wit a means of listening and speaking to the players.

The nexi vire r of business wae the acquisition of suirabie imagary
for the simulatir .. After staff comsultation, several methcds were

identified to ob i1in the required imagery. In the ideal case with the

P U JUAPRAUL R P

H cooperation of Ariiy units, target vehicles would be emplaced at pre-
i drtermined sites .nd photoa would then be taken from various preplammed
: aspects., However, the required resources and co« peration were not

forthcoming, and the othey alternatives were explored.

A second possibility invclved photographing scale model threat

T nal e A s S e e s o a e

IR o M, o s s

vehicles emplaced either on 2 teirain bosrd, or on a suitahls plece of

ground. This option was explored using both still and motion picture

cameras and available "HO" scale models. When the reaults were viuwed,
it was judged that the shallow depth of fleld reseulting from the small.

camera~to-subject distance rendered the resulting images unsuitable. In

=l i e teta A % o

Iv-2




Y

e —

[ )

TRy )

R e B 4 o g mnm— o

N T

addition, the l6mm motion picture inage as projected on the rear pro~
jection screen was judged as too "grainy' and generally lacking in
resolutlon to be usable.

In an effort ¢n explore yet. another method, srrangements were made
with an Army aviator assigned to TCATA to accompany him on a flight
required to maintain his helicopter qualification. It was intended to
overfly training areas on Fort Hood and seek out targets of opportunity
and photograph them from tactically realistic positions. During a four-
hour flight, some 180 35um frames were exposed. These proved technically
adequate when viewed later; however, the great majority of the targets
were judged as being too difficult (too well hidden) or too easy (not
concealed) to serve the needs of the simulation.

Faced with the pressures of time, yet another attempt was made to
acquire the needed imagery. This effort involved the use of suitable
terrain elevations (i.e., hills, ridges) to provide the aerial view
required. '"Targets of opportunity" would then be photographed from the
vantage point of the hill or ridge, with an effort being made to vary
the perspective between views. Staff members identified candidate areas
from study of maps of the Fort Hood area, then made a reconnaissance
trip to each area. Following site selection, additional trips were made
to each of the gites as weather permitted, and some 200 35mm frames
exposed. Thias effort produced a number of traneparency pairs that were
judged suitable for the simulation.

Six pairs of usable transparenciei. were selected from the totality
of this effort. The 8ix pairs of slides may be placed into two broad
categories —- "area" and "target.'" 1In the atea category, the task is to
locate & particular terrain feature -- no military target is visible.

Iv-3
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In the slides falling into the target catagory, a& potential mllitary
torget 18 visible. These categories were chosen to broadly represent
the types of target likely to be encountered in the field during actua}l
comwbat. In addition, on the basis of observations made during pllot
work, the p.lot's search tesk would likely differ as a fupction of the
presence of & "reg)” wmilitary target. Table IV-]l describee the six

pairs of targets im the order they were presented.

Table IV-1

Slide Description

Slide Pajr No. Type Description
1 Arga Target ie tree stand in
: an vverall view of farm

land.

2 Target Copvoy off road.

3 Target Field plece in tree line,

4 Area Houge 2t interaection of
road.

5 Target Truck mounted shelter in
woods.

6 Axea Distant hilltop.

Each of the pairs Jescribed in the table contsined ome slide with
the target or area marked with an inked circle. Thie slide was pre-
sented to the “obmerver" playex who was also given & list describing the
target or ares on each alide. The “pilot" player's slide preeented 2
view of the same terrain, but from a different perspective. The dif-

furences in perspective were due to differcnces in &pparent range,
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viewing elevation, or heading. Unfortunately, due to & lack of adequate
instrunentation, these specifications cannot be accurately given for

each slide pailr,

DESIGN OF THE EXPERIMENT

As noted previously, during the first year's activity, the experi-
menter was able to observe subjects performing a number of simulated
handoffs using the first generation handoff simulator. During the
course of these trials, a hypothesis was formed concerning the kinds of
aptitudes and abilities each player required. In the effective (rapid)
handoff, the cbserver player began with a brief, succinct target de-
scription (describing the distinctive visual aspects of the target) to
the pilot player. Effective performance by the pilot player, on the
other hand, was scen to depend on his abiliry to seek out and evaluate
potential target candidates and then use the information from the obser-
ver to confirm his conclusions. Therefore, 1t seemed reasonable to
hypothesize that while verbal skill might be ilmportant to the scout or
obgerver, the pilot seemed to rely on perceptual/cognitive abilitiles to
plck cut and evaluate candidate targets. Further, the verbal abilities
required of the “successful" sbserver were seen as involving a produc-
tion of effective verbal information rather than passive verbal compre-
hension. The pilot, however, must be able to select candidate targets
from 2 complex field, appreciate the spatial relationships between
objects, and be able to imaegine the shape of objects &s vigwed from
different orientations.

Therefore, an attempt to test this hypothesis conceruning the ef- <

fects of ability mix on target handoff performance was designed as part

1v-5
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of the effort aimed at gaining baseline information on handoff. Under
the strategy envisioned, a large group of individuals would be given a
battery of messures of verbal production and pexceptual/cognitive
ability followed by a periocd of practice on the simulator. The research
deaign then was necessarily non-experimental and post-facto. This
approach was dictated by the usual exigencies of field research which
combine in this instance to preclude the use of an experimental design
vhere subjects would be assigned to groups on the basis of ability level
and then assigned randomly to some experimental treatment.

Under this non-experimental paradigm, appropriate correlational

statistics would be used to determine the aptitude mix characteristic of

palrs of individuals who perform successfully on the handoff simulator.

TEST SELECTION

As a first step, a search was made for usable tests of verbal
behavior and spatial/perceptual ability. Staadard sources such as
Buroal and Conrey, Blacker, and Glaser,2 were consulted and a list of
candidate tests wag compiled. This list was supplemented by a brief
survey of related literature, which served to identify "research" in-
stzuments that might be usefvl. Therefore, the final list of test
contained both published and unpublished instruments. Contacts were

established wherever possible with the sources for these tests and

10. L. Buros. The Seventh Mental Measurements Yearbook, Highland Park,
New Jersey: Gryphon Press, 1972.

2A. L. Conrey, T. E. Blacker, and E. M. Glaser. A4 Sourcebook for Mental

Healtn Measures, Human Interaction Research Institute, Los Angeles,
California, 1973.
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astatistical dsta bearing on questions of reliability and validity were
solicited. Finally, the 1list of tests were narrowed down to the six
paper-and-pencil instruments given in Table IV-2. Each of these six in-

struments will be described in turn below.

Table IV-2

Tests and Theilr Sources

Test Source

Word Fluency Sheridan Supply

Associatlional Fluency Sheridan Supply
® Ideaticnal Fluency Sheridan Supply
* Hidden Figures Educational Testing
Service
* &patial Orientation Sheridan Supply
®* Spatial Visualization Sheridan Supply

Word Fluency. As defined by its developers, word fluency is the
ability to rapidly produce a list of words, each of which must contain a
given letter of the alphabet. 1In the Structures of Intellect (8I)
model, the underlying factor is called divergent production of symbolic
wunits. There is a substantial body of evidence for the existence of

this ability which is best summarized by Guilford and’Hoepfner.3

Associational Fluency is a test of the ability to rapidly produce
words that bear a specified relation to a given word (similarity of
meaning). In the SI model the underlying factor is called divergent

production of semantic relations. Considerable support has been as-

3. p. Guilford and R. Hoepfner. The Analyeis of Intelligence, New
York: McGraw-Hill, 1971.
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sembled for the existence of this factor apd ie suumarized by Bullford
aml Hnepfner.4

ldeational Fluency. This test is designed to messure the ability -

to evole a large number of ideas in a standardized situation. Speci-
fically, the test requires the examinee to produce (nsme) things that
balong in a particular class. In the SI wodel the ability is called
divergent production of semantic units. Research into the existemce of
this factor 13 fairly conclusive and is summarized in Guilford and
Hoepfuer.5

All three of these fluency messures involve the generation of
stored information, but in respuonse to cues which differ from those they
were connected with in learning. All three tests are of “he gpen-ended
or completion type, The examinee must write hia responses in a booklet.
This open-ended feature, however, is not a positive attribute when
scoring the tests; considerable time and judgment is required. Norms
are pregented by the publisher together with other statistical informa-
tion. Alternate form reliability estimates for word fluency range from

.67 to .75; for ideational fluency from .68 to ,77; and for agsociational

fluency from .57 to .63. These religbilities are not high in the abso~
lute sense and it may be necessary in the current work to collapse the
three test scores into a common "fluency" score. If supported by
obtained relationshipe between the tests, this action will ssrve to

considerably enhance the effective reliability of measurement.
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Hidden Figures Test. This test is aa adaptation of the Gottschaldt

Figures Test popularized by Thurstone, The examinee's task is to decide
which of five geometric figures is hidden in a complex pattern. This
test 18 very difficult, but was chosen from among similar tests on the
basis that a wide range of this abllity was likely to be encountered in
the population of subjects to be sampled for this research. The form
used was developed by the Educational Testing Service (ETS) in comnnec-
tion with a project designed to study field independence.6 The under-
lying factor is identified as fleaibility of cZosure,7 which 1s the
ability to keep one or more definite configurations in mind and to
identify it 1in the face of perceptual dislocation. Flexihility of
closure is believed to be related to field independency -- a dimension
identified by Witkin® and Witkin, er a1.” This ability may also have
potential as a measure of cognitive complexity or level of cogaitive
development. Previous unpublished research by the senior author
revealed the ETS Hidden Figures Test to have an odd-even reliability of
.97. Reliasbility of homogeneity was .986, indicating the existence of a

single underlying factor. This data was based on 137 Air Force enlisted

trainees.

6Educational Testing Service {(NIMH, Contract M-4186).

7J. W. French, R. B. Edstrom, and C. H. Price. Maual for Kit of
Reference Teste for Cognitive Factors (revised 1963), Educational
Testing Service, Princeton, New Jersey, June 1963.

®H. A. Witkin. "The Perception of the Upright," Scientific American,
1959, 200, 50-56. -

9, A. Witkin, et al. Psychological Differentiation, New York:
Wiley, 1962.
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‘Spatial Orientation. Whix test is Pext V of the Guilferd-Zimmerssn
#ptitutle Survey, and was desigweld to asasure the sbility to sppreciste
spstinl relations of things with veference to the body of the obleﬁm:.
Butdford?? found this ability to be mn important determiner of success
dn pilot training. Extensive etatistics have been compiled ctoncerning
nhis test. Obtained a.termute Torm reliability estimetes gquoted by the
publdshers range from .89 ¥or A large semple of college males o .88 for
m lavge sample of college women.

Spatial Visualization. This test is Part VI of the Guilford-

Zimmerman Aptitude Survey. The factor underlying this test ie described
as involving the process ©of lmagining the movement or transformation of
visual objects. The factor is also measured by various paper-folding
tests (e.g., Stanford-Binet, Minnesote Puper Form Board). Some re-
gearchers feel that spatial visualization and spatial orientation are
‘two measures of a cowmwon Spatial (§) factor. However, the publishers of
‘the Guilford-Zimmerman Aptitude Survey elected to sdminister and score
‘them separately. They quote factor apalytic data as the ratiomale for
this decision. Alternate form relisbilitirs are stated by the pub—
lishers to be .94 and .93 for men and woman, respectively.

In addition to ‘the tests, limited persoisl history information was
solicited from each individusl befere the testing session. Appendix A
contains an example of this simple one-page questionpaire. It dse in-
‘tended to use thie personal History primarily for the description of the

seuple of subjects. However, selected measuras will be incorporatsd in

105, p, Guilford (ed.). Printed Claesification Tests, Army Air ‘Force
‘Aviation Peychology Research Program Reports, No. 5, Washington,
D.C., US Government Printing Qffice, 1947.
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the analysis of determiners of success at target handoff, e.g., MGS or
current job, together with other wmeasures, such as experilence, wherever
appropriate. The research staff felt it was important to limit the
number of variables analyzed to those which would either fit the model
of performance under test, (i.e., the role of differential abilities) or
those that might be useful in identifying subgroups within the sample of
subjects. It was thereby intended to maintain parsimony in the number
of pradictor variables and also to avoid "muddying" the clarity of the
proposed model of success. It was felt that any increase in prediction
gained by "dumping in" all obtainable information into the analysis
would be overwhelmed by the unaveidable obfuscation of the basic de-
terminants of success, Many personal history factors are multi-dimen-
sional in nature and while they wmay yield good correlations with
criteria, their unknown but complex structures may preclude an under-
standing of why the relationship exists. In recognition of this likeli-
huod, every effort was made tc keep the number of variables under

analysis to 2 winimum.

PROCEDURE

Subjects were obtainad from the 6th ACCB [6th U.S. Cavalry (Air
Combat}] at Fort Hood, Texas. It was requested that the subjects were
to be as heterogeneous as possible to allow the sampling of a diversity
of performance and aptitude. The study was carried out using facilities
furnished by the 6th ACCB in ar effort to minimize subject trangpnrt
problems. 7The study was run from 3 December 1976 to 1 March 1977.

Even numbexrs of subjects were requested for each session and this

generally proved to he the case. This request reflected the need to run

Iv-il




the subjects a8 pairs on the simuletor. As soon as the subject group
was assembled, they vers sastad around a table and briefed comcerning
the objectives and nature of the study. It wes ecphawized that all data
collected would be accorded the strictest privacy. Subjects wers also
assured that information gathered during the study would not become part
of their personnel records. After questions concerning the study and
its objectives were answered, téeting began with the handing out of a
brief personal history blank (se« Appendix A4). PFollowing this, thae
tests were administered in a fixed order as follows:
* Hidden Figures

Ideational Fluency
Word Fluency
Assoclational Fluency
* Spatial Visualization
* Spaetial Orientatjon

The tests were administered with the test publishers' instructioms
used verbatim. Questions were answered as appropriate and the test
publishers' guidance as to teating procedure was followed closely. The
testing phase took approximately two hours to complete following which,
the subjects were taken two at a time into an adjoining roow which
housed the simulator.

Esch pair of subjects was then briefed on the intent of the simu-~
lator study and the procedures which would be used. Subjects were then
seated and directed to read the detailed imstructions provided &t each

position. (Seec Appendix B for these inztructions.} Assigmment of the

subjects to pilot or observer position was done in & quasi random
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fashion. After the subjects 1ad read their detailed instructioms,
questions were answered and additional reinforcement was given to
adherence to critical aspects of procedure, i.e., use of callsign and
signal button. The subjects were then instructed in the proper use and
placement of the microphones. The experimeunter then adjusted the tape
dack recording level controls to prevent saturation of the tape and
subsequent distortion of the signal. The headsets provided were not
used. The close proximity of the subjects in this instance would cause
"feedback" problems which would manifest itself as an unendurable "howl"
in the headset. However, as the subjects we.e quite close (3-4 feet),
it was felt if they spoke at an ordinary conversational level, they
could hear each other. In practice, this proved salisfactory. The six
handoffs were then performed without interruption. Following the com-
pletion of the handoffs, each pair of subjects was asked if they would
Jike to stand back and examine the pairs of slides which served as
stimuli for the handoffs. All subjects requested this opportunity and
lively discussion usually accompanied the viewing of the pairs of slides.

The pair was then thanked for their participation and excused.
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CHAPTER V
RESULTS

Part I: Analysis of Tests and Performance Data*

Method

The personal history data, test results, and performance data were
first coded on IBM general purpose data coding forms. A sequential
numeric code was used to identify each individual. Names or SSANs were
not used or coded in an effort to safeguard the anonymity of each sub-
ject. The data were then transferred to standard 80 column computer
cards. Cardpunch was done by Automatic Data Processing (ADP) personnel
at HQ, TCATA. ~The bulk of the analyses reported in this section was
accomplished at ARI, Arlington, Virginia, between 15 March and 21 March
1%77. The facilitles used were a CDC 3300 located at Arlington and a
Univac 1108 located at Edgewood Arsenal and accessed through a time-
shared facility at Arlington. The majority of this work was done using
the Univac 1108 and its Statistical Package for the Social Sciences

(SPSS) programs.

Description of the Sample

Data were obtained on 116 individuals, all male personnel from the
6th ACCB, Fort Hood, Texas. Of these, 92 (75%) were aviatora. Eighty
(87%) of these individuels were warrant officers. The remaining 12
(13%) aviators were all officers (ten captains and twe lst lieutenants).
Of the non-aviators, all were enlisted with the exception of one cap-

tain. The group of subjects reported a mean of 7.052 years of service

*NOTE: Readers who are not interested in the intimate details of the
analysis or are unsophisticated in statistical procedures are advised
to go to Chapter VI.
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and a mean age o 26,83, The group also averaged 2.75 years in their

present jobs, Fourteen (12%) individuals in the group reported having

only a GED certificate or & high school diploma, while 74 (63%) reported

some college. Twenty-eight (24X) of tha group reported that they were

college graduates. When questioned about handcff experience, most

subjects razported difficulty in arriving at a reliable estimate. There-

fore, the experience variable waeé collapsed into the categoriea of

"some" an¢ “none.” Seventy-eight (67%) of the group reported some

experience in hawding off targets, while 15 (13X) had no experience.

Twenty-three (20%) individuals did not respond to this item.

The date

for these individuals was not included in analyses of experience.

Test Scores

Means and standard deviations for the six instruments used are

given in Table V-1.

Table V-1

' Means and Standard Deviations for the Six Tests

i Correction
! Test Factor

: Hidden Figures R - W/4
; Word Fluency Nons

Associational Fluency None
Ideational Fluency None
Spetial Orientation R - W/4

Spatial Visualization R - W/4

N'W"‘" TS T s e

®i

11.56
42.93
16.25
60.%9
29.05
21.00

6.00
34.00
17.00
359.0G
27.50

16.25

113
116
116
116
114

116
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Correction factors for guessing were calculated as recommended by
the test publishers. This operation was carried out as a preliminary
step by the computer before summary statistics were calculated.

No norm exists for the Hidden Figures Test; however, the mean
scores obtained are slightly higher than those noted by the senior
author for a sample of Alr Force enlisted men. This difference is to be
expected as the Army sample in the present study is generally older and
more highly educated than the Air Force sample.

The scores obtained by the sample on the Word Fluency Test can be
compared to norms furnished by the test publishers. The anormative group
consisted of a sample of Naval air cadets and Naval officer candidates.
The typical member of this sample was a2 high school graduate with some
college, and a general educational level substantially above the aver-
age. When compared to this group, the mean score for the Army sample
fell intc the 23~39 centile range in the table of norms.

In contrast to this rather poor showing, the mean score for Associ-
aticnal Fluency, when compared to the same normative group, fell into
the 85-95 centile range. Similarly, the Ideatlonal Fluency mean score
fell into the 77-88 centile range. Thus, the general picture presented
by the fluency tests 1s mixed with above averuge verbal production
performance coupled with an apparent deficiency in the ability to pro-
duce a large number cf words containing a specific letters. This in-
dicates a difficuity in appreciating similarity in the structure or
symbolic aspect of words.

The mean Spatial Orlentation score for the group compares favorably

to a mean of 20.5] reported by the test publishers as belng obtained
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from a large sample of ccllege men. However, the obtained mean score
for Spatisl Viesalizetion does mot cowpare so favorably with a mean of

27.93 attained from the sesme college sample. -According to data sum-
warized by the publishar, 2 sample composed of guccessful aviators
should yield scores above the norm on both orientation tests.” However,

it ie not clear how this deficiency in spatial visuslization ability may

taanifest itself in performance.

Performance Scores

Times to the nearest second were vbtalned for each of the six simu~

lated handoffs. These data are shown in Table V-2,

Table V-2

imes for (he Handoifs

Handof f 1 2 3 4 5 6
x 151.87 34.93 63.88 59.58 79.25 66.36
o 71.54 12.28 65,25 44.51  110.47 69.95
N 101.00 102.00 105.00 104.0C 105.00 103.00

As the experiuent was being designed, it was hypothesized that
handoff situatfons which differed as to the actusl presence or absence

of a military target would present differeut problems to the handoff

team. Table V-3 presents the intercorrelations of the £ix pairs of

slides used &8 stimuli in the handoffs. The picture of relationsbips

presented by this table does not entirely support the existence of a

1y, P. Cuilford and W. 5. Zimmerman. Gui lford-Zimmerman Aptitude Survey.
A Manual of Instruction and Interpretations (2nd ed.), Sheridan Supply
Coupany, Orange, California, 1956.
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sharp distinction between sets of "area" 1, 4, and 6) and "target" (2,
3, and 5) slides. In fact, it is likely that a very large set of tar-
gets or area scenes would have to be examined before any existing
commonality would become apparent., This effort may, in fact, have to be
undertaken to establish a unique set of target labels. The pattern of

intercorrelation does, however, indicate that there are slightly higher

Table V-3

Correlations Between Times for the Six Slides

N = 96
slide No. 1 2 3 4 5 6
1 1.000
2 . 265 1.000
3 2172 .261 1.G00
4 . 546 . 240 .409 1.000
5 .278 .130 .426 .199 1.000
6 .070 .025 .293 . 228 .153 1.000

relationships among members of these “sets" than between those which are
not members. Therefore, it was decided to keep the a priori dichotomy
of area and military targets and sum the sets tu derive two time scores.
The sums were derived as follows: TS (Target Score) = I handoffs 2, 3,
5: AS (Area Score) = I handoffs 1, 4, 6. The resultant AS had 2 mean of
276.01 and a standard deviation of 131.12. The TS had a mean of 178,95
and a standavd deviation of 156.67. A correlated wmeasures t test was
performed to determine if the wmean differences obtained betweep the two

sets of stimull differed significantly from zero. This analysis ylelded

V-5
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at of 5.74 with 96 degrees of freedom. A t of this wmagnitude is sig-
nificant at beyond the .00l level. Thus, it can be assumed that the two

sets of slides differ with respect to the time raquired to auccesafully

handoff tha target.

Computation of Factor Scores .

In an effort to limit the number of independent variables, a factor
snslysis was performed on the six test scores. A principle factors
solution with varimax rotation was chosen for thls purpose. In com~
puting this solution, the main diagonal elements of the correlation
matrix are repiaced with communality estimates. Communalities are
initially estimated by the squared multiple correlation between a given
variable and the remaining varisbles in the matrix. An iterative pro-
ceags is then used in which new cousunaliiies are computed after each
syccessive factor extraction and compared to the initial estimates. The
¢ process is continued until the differences between two aucceseive.

coum. zality estimates are negligible.

Table V-4

Correlations Batween the Six Tests

Test HF VE AF Ir S0 sV
BF  1.000
WF 126 1.000 .
AF 139 .52 1.000
'.7 IF .205 .46l .480  1.000
, 50 659,200 201,170 1.000
sV 420 196 192 0319 .661 1,000
;
L
L« I
V-6 |
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As a first step, product moment correlations were computed. The
resultant correlations between the six tests are given in Table V-4,
With an n of 111 for each correlation, a value which exceeds .195 is
significant beyond the .03 level. However, & correlation of this wmag-
nitude, although statistically significant, is of little practical value
as it explainsg only about four percent of the obtained variance.

This correlation matrix was then asubjected to factor analys’s. Two
factors were obtained from the analysis and are presented in Table V-5.
Examination of this factor matrix reveals that Factor I is composed
primarily of the three perceptual tests, Accordingly, this factor has .
been named "Spatisl." Factor II, however, is composed largely of the
three verbal fluency tests «1d was named "Fluency.' Based on the titles
f the tests

o as certainly noi unexpecied.

Table V-5

Rotated Fact r Matrix For the £ix Tests

Test Factor I Factor I1 h?
HF .536 .119 .301
WF .113 .680 476
AF .104 743 .562
IF .198 .622 +425
S0 .812 .200 .673
sv .785 .182 .649

These data were then used to calculate factor score coefficents,
which were then applied to the standardized test scores for each indi-
vidual, ylelding two composite factor scores for each subject. Thus,

v-7
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the desired reduction in the number of independeut variables was obtain-
‘ad without logs of informaticn and wdth a probable increase in reli-

ability. These factor scores wer2 used as indeperdent variables 1ﬁ the

mext step of analyesis.

Discriminant Analysis
' The goal of this phase of the research was to describe the "mix" of
abilivy which defisad an effective target handoff team. To reach thie
goal, discriminant analyses were performed separately for the pilot
‘players and obgerver players. As used in psychology, discriminant ane-
lyeis 18 used to claessify people into one or more nutually exclusive and
exhauativ: categories, by their scoree on a Jet of independeat v. wiables,
1.e., a battery of personality teuts could be used to classify smokers
or non-smokers with the¢ ajn of determining if smokers/non-smokers dif-
feraed in personaliiy. In the present work, the ind~pendent variahles
were: the spatiel factor scorss, the fluency factor scores, experience
in handoff, and job (see Tanle V-6). The experieunce and job factc.s

were added to allow some estimate of the relsative contributions of

1 Table V-6

Independent Variables in the Discriminant Function Analyeis

Varisble
_Number Name Code Description
1 Experience XPR Prior expericnce in
target handoff
2 Job JOB Aviator or other
3 Spatial Factor SF Spatlal factor score
4 Verbal Fluency VF¥ Verbal fluency iactor
Factor score
V-8
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relevant experience. Four categories were identified for these analy-
ses: effective/ineffective on area targets, and effective/ineffective
on military targets. The effective/ineffective dichotomy was determined

by splitting the sample at the median of the time distribution for each

time score (4S and TS). Thus, each subject would be assigned to either

the effective category or the ineffective category depending on the
performance of the team of which he was a member. A discriminant ana-
lysis is termed successful 1f the independent variables correctly
predict category membership. If the hypothesis of the differential
effects of ability was correct, a significant classification would be
obtained for both pilot and observer players, with spatial foctors
playing a large role in pilot classification and verbal fluency factors
determining performance of the observer players. It can be further
hypothesized that verbal factors will be even more heavily involved in
predicting the performance of observers in handing off the more diffi-
cult area targets.

Table V-7 gives some of the initial output from SPSS subprogram
"discriminant." A direct solution was gpecified in which all of the
independent variables are entered into the analysis concurrently. The
discriminant functiona are then created directly from the entire set of
independent variaples, regardless of the discriminating power of each.

The direct solution wss considered appropriate because the senior
author had predicted an outcome concerning the relative importance of
spatial and fluency factors as determiners of performance for the two
positione.

The SPSS discriminant subprogram provides two measures for judglng

the importance of the obtained discriminant functions, (me of these 1is

—
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Table V-7

Discriminant Functicu Analyais of Time Data by Poeition and Tacget Type

Target Pogi~ R e Wilks' A x? df p
Type* tionk*
T 0 .418 .826 7.091 4 .131
T P 145 .979 .833 4 934
A 0 .403 .838 6.370 4 173
A P .387 .851 5,990 4 .200

¥4, = Area Target

T = Military Target
*tP = Pilot Player
0 = Observer Player
*#%R. = Canonicesl Corralation

the canonical correlation (R,) associated with each discriminant fume-
tion. Rc is an index of assoclation between each discriminant f-inction
and the set of variables defining category membership {(fast or slow for
each of the two target types). Just as with the Pearson product moment
coefficient, we can interpret ch as the proportion of variance in the
dlscriminant function explained by the category. The obtained canonicel
correlations in Table V-7 are small, the largest accounting for about 18
percent of the variance in its assoclated discriminant function.

A second criteria for judging the importance of a discriminant
function 18 Wilks' Lambda (A). Lambda is an inverse measure of tﬁe
discriminating power remaining after a function has been extracted. The
larger the Lambde is, the less information remeining. Each Lambda is
prese ited with its associated chi~square (x?) value. In the instance of
the first discriminant function, the Wilks' Lambda was .826, correspond~-

ing to & x2 of 7.091 with an associated probability level of .131, A

V--10
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Lambda of this magnitude or smaller has a .131 probability of occurring
due to sampling error. Thus, the overall picture presented by the data
contained in Table V-7 is one of a low degree of separation for all four
discriminant functions. This iIndicates that the independent variables

selected were ineffective in predicting performance for the two types of

B

targets.

Table V-8 gives the srandardized discriminant function coefficients
for all four analyses. Each coefficient represents the relative coatri-
bution of its associated variable to that function, sign indicates a

positive or negative contribution.

Table V-8
Discriminant Function Coefficient Analysis i
Category#*
Variable TO TP AO AP
XPR -.063 ~.556 ~.291 .6G5
JOB -.725 1.126 .223 .100 {A
SF -.343 .517 . 344 .452
VFF .863 ~.149 .800 .368
3%6"I'TE¥§ét scores, Observer players

TP = Target scores, Pilot players
AQ = Area scores, Observer players
AP = Area scores, Pilot playerxrs

The contribution ¢f the four discriminant variables can be judged
from this data. The function derived for TO (observer player and wili-
tary targets) clearly indicates that job and verbal fluency are im-
portant. The factor involved in the AQ analysis appears to be based

mainly on verbal factors, indicating that these factors are important in

v-11




determining observer performance, while experience is important when

pllots attempt to find an area target. Tsgbles V-9 through V-12 precent

the frequencies for the JOB and XPR variables for both player positiona
snd both types of targets. Examination of these tables may help in N ;
élarifying the meaning of the obtained discriminant coefficients, As an
example, Table V-9 presents the frequency counts for the Job and XPR
variables for both the successful and uusuccessful observer players in
handing off military targets. It can be seen that there is very little
difference between the "successful" and "unsuccessful" groups in the
number of individuals reporting experience in handoff (17 vs. 19). As
regards the Job varlable, twenty-one of the unsuccessful group were

pllots as contrasted with only 16 of the successful group. Therefore,

for the TO category, the discriminant coefficient (Table V-8) associated : i
with Jeb (-,725) is lavger than that for Experience (-,063). The high
negative loading for Job indicates that pilots functioning as observers
handing off military targets performed at a lower level than non-pilot

observers.

Table V~13 gives the means and standard devlations for the two

factor scores by category. Each category is further divided imto

A X AR IR (e TR e e e L L

successful and unsuccessful according to the time criterisa far each type

of target. This table will further aid in deciphering the mesning of !

I e e

the discriminant coefficients. As en example, the relatively large
discriminant coefficient associated with the Verbal Fluency Factor (VEF)
4 on several occasions can be clarified by examination of the differences

between the meens of the succesaful and unsuccessful categories. These

differences are particularly marked iu the case of the TO and AQ categories.

V-12
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Table V-9

Distributions of Job and Expexience For Unsuccessful
and Successful Observers and Target Scores

5 ) (Successful < 129.25 Seconds - Unsuccessful > 129.25 Seconds)
. i ,
Successful Obgervers Unsucceasful Observers ; y
Category Code Freq. % Freq. . o
Pilot 0 16 61.5 21 80.8 :
Other 1 10 38.5 5 19.2 )
i

No Experience 0 4 19.0 4 17.4

Experience 1 17 8l1.0 19 82.6

'e

Table V~10 H

Distributions of Job and Experience For Unsuccessful
Pilots and Target Scores

U PRI AT WS

(Succesaful < 129.25 Seconds ~ Unsuccessful > 129.25 Seconds)

P L b ol bt ana ot S,

Successful Pilots Unsuccessful Pilots
Category Code Freq. z Frey. 2
! Pilot 0 23 88.5 27 90.0 ;
5 Other 1 3 11.5 3 10.0
: No Experience 0 3 15.0 4 15.4 4
| ' Experience 1 17 85.0 22 84.6 '

TP TY!
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Distributions of Job and Experience For Unsuccessful
and Succesaful Obvservers and Area Scores

Table V-11

(Successful < 240.5 Seconds - Unsuccessful > 240.5 Seconds)

Category
Pilot

Other

No Experilence

Experience

Distributions of Job and Experience for Unsuccessful
and Successful Pilots and Area Scores

Successful Observers

Code

0

Freq. X
20 83.3
4 16.7
3 14.3
18 85.7
Table V-12

Unsuccessful Observers

Freq.
11

17

18

2

60!7
39.3

21.7

78.3

(Successful < 240.5 Seconds - Unsuccessful > 240.5 Seconds)

Category
Pilot

Other

No Experience

Experience

Succeasful Pilots

Code Freq.
0 23
1 2
Q 1
1 20

92.5

8.C

4.8

95.2

V-14

Unsuccesaful Pilots

Freq.
27

4

19

2
87.1
12.9

24.0

76.0
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Table V--13

Means and Standard Deviations

Categorty

TO

TP

TP

TP

A0

AD

(Successful)
(Unsuccessful)
(Successful)
(Unsuccessful)
(Successful)
(Unsuccessful)
(Successful)

{Unsuccessful)

Fluency Factor Scores

x SF ¢ SF
-.236 . 769
-.119 .852

.161 .921

.164 .887

.042 .562
-.375 .939

«348 . 808

.016 <945

V-15

for the Spatial and

by Category

x VFF
.186
~.232
-.065
.082
.227
~.237
.060

-.027

o VFF
1.008
. 666

.781

. 966
.736
.821

.851

o s e e we B2
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In these twn cases, the successful players had a higher VFF score than
the unsuccessf:l players.

Fowever, as previously noted, tho ultimare usafulness of the dig-
criminant analysis 1s in uslug information to classify individuals iuto
categories. Therefore, it must first be determined i1f a successful
clasyification has been cobtained. <Classificatlon involves comparing
predicted category meumbership with the actual category membership. In
the present case, the categories were formed on the basis of handoff
performance (time) for each of the two types of targets. This actual
category membership was then predicted by the discriminant functions.
Tables V-14 through V-17 present the classifications cbtained by the
discriminant function analysis for both pilot and observer players for
the two types of targets. As an example, Table V-i4 preseats the pre-

diction results for pilot nlayers receiving handoffe of military targete

han y targate.
Their actual performance shows approximately an equal split between the
unsucceasful and successful categories (i.e., 2b unsuccessful and 27

suc: ssful). However, based on the four independent variables, the
discriminant analysis successfully classified only nine (34%Z) of the
unsuccessful players. The results were better for the successful players
with 63 percent being correctly classified.

Table V 3 summarizes the proportion of correct classification for
bothk poritions and both target types. This data does not preaent a very
encouraging pilcrure of the prcbability of correct classification using
the variables sclected for the present study. In the best case, that of
observer trying to hand off a military target (Table V-15), correct

classificatlon was ouly achieved in 64 percent cof the cases. A validity

V-1i6
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Table V-14

Prediction Results and Target Scores (Pilot Players)

No. Cases Predicted Category Membership

Actual Category Unsuccessful Successful
(Slow) (Fast)

Unsuccessful (Slow) 26 9 (34.6%) 17 (65.4%)

Successful (Fast) 27 10 (37.0%) 17 (63.0%)

Prediction Results and Target Scores (Observer Players)

No. Cases Predicted Category Membership
Actual Category Unsuccessgful Successful
{Slow) (Fast)
Unsuccessful (Slow) 26 17 {65.42) 9 (34.6%)
Successful (Fast) 24 9 (37.5%) 15 (62.5%)
V-17
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Teble V-16

: Prediction Results and Ares Scores (Cbaerver Playere) .-71

} No. Casss Predicted Category Membership

' :
Actual Category Unsuccessful Succesaful :

(Slow) (Fast)

_ Unauccessful (5low) 26 14 (58.3%) 10 (41.7%)

E Buccessful (Fast) 24 10 (41.7%) 14 (58.3%)

i 2

;

: ! .

§ Table V-17

Prediction Results and Areas Scores (Pilot Players) —

No. Cuses Pradicted Category Memberahip
Actual Category Unsuccessful Successful
(Slow) (Fast)
: ; Uneuccessful (Slow) 25 17 (68.0%) 8 (32.0%) ;
j | Successful (Fast) 25 12 (48.0%) 13 (52.0%) ;
| |
H :
}
; 2
] i
|
5 =
! 1
v-18
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Table V-18

Proportion of Correct Clasaification

L e ]

o~

Ny

-

Condition No. Percent Correct
Casesg Classification* ]
Cbserver Player
Target Score 50 64.00
Pilot Player ‘
Target Score 53 49.06
Observer Player
Area Score 48 58.33
Pilot Player
Area Score 50 60.00 1
*Based on original category membership. 3
4
.
!
{
i
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of this magnitude (corresponding to .8) may be useful in claagification

2

1f it were possible to choose a faworseble selection ratie. In this

case, the selaction ratic acts as & substitute for high validity, if the

test has any validity. Thus, accordimg to Taylor snd Bussell's tables,
with an obtained validity of .8 in the best csse, and estlimatiag that 50
percent of current job incumbentes are rated satisfactory, a selection
factor of .30 would result in 90 percent successful performance on the
part of those so chosen. This would mean administering the tests used
in this study and accepting the best 30 performers out of each group of
100. It is doubtful that the Army, in the absence of the drsft, could -
afford the luxury of this low selection rario. In addition, replication
of the present study, probably with a larger sample of subjects, would
be required to establish the usefulness of the measures used iu this
study in selecting subjects who must perform target handoff as part of

cheir job.

Part I{: Aualysis of Handoff Communications

Method

The verbal interchange between the players in the simulated hand-
offs was recurded on an Ampex Model 77 tape deck. Kecording speed was
3 1/4 inches/secund on standard quality 1/4 inch tape. Voice recordings
obtained with this equipment were judged to have high quality.

A listing was then obtained of the times required by the pairs of
subjects to pevform each of the six handoffs. This list wzs invpected

and a number of palrs were ildentified with times elther above or

n. c. Taylor and J. T. Russell, "The Kelationship of Validity Coeffi-
clents to the Practical Bffectiveness of Tests in Selection: Discussion
and Tables,” Journal of Applied Peychology, 1939, 23, 565-578.
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below the median of the tiwme distributions for handoff of the two types
of targets. The intention of this initial effort was to compare fast to
slow handoffs for each target. It was hoped that this comparison would
be useful in revealing gross differences in verbal behavior between fast
and slow handoffs. As an initlal pilot effort, eight pairs of subjects
performing handoffs were selected for comparison. As can be seen in the
far right-hand two columns of Table V=19, three of the pairs had scores
above the median for Area Targets, while five were below. Similarly,
three pairs had scores above the median for Military Targets, five were
also below. Unfortunately, not all of the recordings of handoffs were
compiete; technical difficulties or experimenter error resulted in
considerable missing iufvrmation. The must probable cause for the gaps
in the recordings is a faulty pilug discovered late in the courss of the
study. However, it was felt that enough information survived toc meke
preparation of typed transcripts possible. These transcripcs were
prepared without any editing or deletion; and even so, transcription
proved %o be a difficult and time-consuwming task. 7Two excmples of these
transcripts are included as Appeandix C.

Table V~19 gives the times for the six handoffs for the eight pairs

of selected subjects. The median of the distribution of times for each

handoff is also given. 1t should be noted that performances are highly -

variabla, both within palrs of subjects and between palrs. This great
variaﬁllity rendered tie task of analysis very difficult. The wmissing
data shown by the asterisk: in Table V-19 indicate that while times were
recorded for these handoffs, no tape record was obtained.

Table V-20 gives the word counts for the selected handoffs. Hot

surprisingly, there is a nearly perfect correspondence with the time to

v-21
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Table V-20

Word Counte for the Eight Sets of Selected Faninffs

e

Handoffs
Palr 1 2 3 2 3 L]
i 211 13 207 168 177 262
2 41 4 6 51 12 10
3 285 16 39 59 45 57
4 238 * * & 41 32
5 370 x * & * *
6 ® * 75 257 31 46
7 * d @ 44 46 42
8 * #* w 66 9 52
# = No recording chtainud.
v-23
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handoff (Table V-19) and the oumber of words used. The slowest pairas
use¢ the most words.

Table V-21 shows the message rates in word/seconds for the selected
handoffs. Tiwse dats do not presant A clear picture of the relationship
between spezking rate and time to pertorm a handoff. The tabled data,
huvtver, are not sufficlent to perforn #tatistical smalyses. As more
tranacripts are prepared, appropriate anziyses will be carried out to
gein further understanding of the role of message rate.

Table V-2l shows the nuudar of messages interchanged between each
palr of pleyers in the selected saxple. The tabled data again show
great variability. It im obvious that the minimum number of messages to
solve the problem presented the players is two -- a target description
by the observer player, and an annouscemeat of target acquisition by the
piiot player. HMHowever, thers is varisability in time between the pairs
when oaly two messages are interchanged. This variability ias likely due
to either search time, or the length of the two messages. There is
inadequate data available at tule time to yileld & reasonable estimate of
search time. It is, of course, possivie to estimate the time for each
handoff that each player spent talkin;. However, subtrecting talkiag
tige from the rotal will yield a remainder that might be filled with
search time, but 1s most likely aleo occupied by other processaes such as
decision makin; and hypotheses genaration., From the deta showa in Table
V-20 and V-22, it 1s possibls to calculate aveiage messag. lengtu.

These data appear in Table V-23. Uufortuaately, this analysis does not
seem to add much to our understanding of the hendoff wessage. The

message length data 1is probably compromised by the incluzion of short

Y-24

PR VNE P

e em S i e b



e ol ke e o i, gt

L s mempmmie AR AGARR S i C A MG AR Sy P - o1y d B b

Message Rates in Words/

Paixs 1 2
1 2.19 .72
2 .85 .36
o 1.98 2.29
4 1.70 *
5 1.81 *
6 * *
7 * *
8 * *

* = No recording obtained.

[P U VU USRI VY DI S TS -

Table V=21

Seconds For the Selected Handoffs ;
i
[
Handoffs
|
3 4 3 6 5
.69 1.93 .59 .87
.42 1.50 1.00 .83 ;
1.76 2.46 1.88 2.59 ]
* * 1.14 .94 3
* * %* *
|
1.44 1.98 1.29 1.05 i
* 2.10 1.92 1.31 3
3 1.74 .64 1.16 @ 3
|
i
i
]
i
i
1
]
i
Fl
]
v-25 :
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Table V-22
Number of Interch.nges for the Selected Handeffs
4
Yaeudaf £ 3‘
Paire 1 2 3 4 5 6 f
1 23 4 24 18 11 24
2 8 2 2 8 2 2 F
3
3 16 2 2 2 2 2 ]
4 6 * ¥ * 2 2

5 20 *® * " » * !
¢ y * 2 7 2 2
1
7 * * » 2 2 2 }
8 * * * 6 2 2 3
Y
* = No recoriing obtained. ]
1
o
| 3
o

!
[
L
! j
. 1
]
;]

|

i
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Teble V-23

: Average Number of Words/Message for the Selected Handoffs

Handoffs

P Pairs 1 2 3 4 5 6
F ; 1 9.17 3.25 8.62 9.33 16.09 10.92
% 2 5.13 2.00 3.00 6.38 6.00 5.00
; 3 17.81 8.00 15.00 7.38 22.50 28.50

4 39.67 * * * 20.50 16.00
E 5 18.50 * ® * * *
i 6 * * 37.50 36.71 15.59 23.00
! 7 ® * * 22.00 23.00 21.00
l 8 * * * 11.00 4.50 26.00

* = No recording obtained.

V=27
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aokaowledgenents and does mot reflect the relative contribution of

wither the player or observer.

Table V-24 presents the average messuge length for the handoffs for
both players. ¥From this table, it is obvious that the shaerver player
does most of the talking. In fact, examination of the table reveals
that a high ratio of observer'’s message length to pilot's messzage length
seens to be associated with rapid handoff. However, the present sample
of bhandoffe is too small to allow statistical analysis of this possi-
bil ty.

As a next step, the sample of handoffs was examined for some cue to
differences in language usage. It was felt that an examination of
deacriptive strategies might reveal some of the differeuces underlying
handoff performance. As a last step, a ¢ount of nouns aud adjectives
was pexformed.

Wher the stimulus object controls the speech response, the aspecch
Tesponee may be a noun or adjective. An important aspect of functional
speech involves responses under the control of these types of stimuli,
Without an adequate repertuire of nouns and adjectives with which to
describe or label the object {in this case, the target), vavrious com-
munication difficulties occur.3 If more and varied labels caa be
applied to a stimulus object it becomes wore likely that true configu-

ration of the object will be percelved by the listener. The observer in
the present case must present the pilot with a “verbal representation"
of the stimulue object (the target). 1t seems logical, therefore, to

hypothesize that a good handoff wight rely on the abllity of the observer

A. W. Staate and C. K. Staats. Complex Hwnan Behavior, New York: Holt,

Rinehart and Winston, Inc., 1963.
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to provide an accurate set of demcriptors for the target and for reference
points. Accordingly, a simple count o adjectives and nouus was carried
out for the semple handoffs. The results of this count are summarized
in Table V-25. For each pair of players, the count for nouns 18 fol-
iowad by that for adjectives. It could be hypotheeized that & message
that contained a relatively high proportion of adjectives relating to
nouns would be “'richer” in information. The use ¢f a high preponderanca,
of nouns would conmatitute mr.rely naming features in the scene. The use
of adjectives would add to this simple descripiion h adding detail
which should aid in discriminating the target. This hypothesis seems to
be borne out by the counts of nouns and adiectives listed for handoff
No. 1. The picture is ner as clear for the other handoffs. It may be
that the redundancy of information afforded by the use of many adjec-
tives 12 malaly effective in solving difficult handoff problems. This
hypothesis will be further examined when the bulk of the handoff re-
cdings are analyzed.

Addi+ional simple word-count analyses will also bte cai "ied out at
* o+ tim2 with a search for uses of color and shape in target descrip-
tilou heading the list.

The next step in the analyses would logically cemnter arcund con-

sideration of larger, more abstract units of meaning. Bereleon,4

in
his excellent treatment of content analysis, lists five major units of
snalygls: words themes, characters, items, and time and space maas-

ureg. The word is the smallesat unit, and to this point in the analysis,

43. Berelson. ''Content Analysis,” in G. Lindzey, ed., Handbook of Soctal
Paychology, Vol 1, Cambridge, Massachusetts: Addisom-Wesley, 1954,
Chapter 13.
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Counts of Nouns and Adjectives for the Sample Handoffs

Pair 1 2
1 26/8 4/4
2 4/5 3/1
3 34/10 3/0
4 27/10 *
5 39/17 n
6 * *
7 * *
8 * *

* = No vecordings obtalned.

Table V-25

Handoff
3

13/6

2/1

v-31

13/1
5/6

12/4

29/20
7/1
8/4

{wn

i1/1
4/2
6/5

8/3

4/4
6/2

2/1

jon

17/9
4/3
13/7

7/8

7/6
3/5

7/7
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word counts have served as the basis for diacusaion. The mext step in
the analysis will be the defimition of prominert theses. In the par-
lance of content anslysis, a theme is often 2 seatence, a propositiosn
about something. The study of relevant themes within the handoff
weasages will prcbably be the final step in the comtent amalysis. The
theme is a very difficult unit of analysis, but often it is the cnly way
to isolate larger units of meaning. Because theme enalysis ls very
time-consuning, this effort will mot begin until early in the third

contract year.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

The research effort presented in this report was coucerned with two
primary gosls or objectives. These were:

* The exploration of the structure of abilities which underlie

performance in handoff.

The szmassing of a data bank of bateline information concerning
“he behaviors involved in target handoff.

Tae first objectlive was approached by admiaistering a battery of
perceptual and verbal tests to a group of Army personnel and us;ng the
test results as predictors of success in simulated handoffs. The selec~
tion of tests for this effort was based on hypotheses derived from pilot
work also using simulated handoffs. Briefly, it was hypothesized thst
verbal skills would be important to the observer describing the target,
while perceptual and spatial orientation abilities would determine the
performence of the AH pilot trying to find the target.

The results of the effort to determine the reole of verbal and
perceptual abilities in target handoff were disappointing. Only moderate
relationships were obtained between the measures employed and target
handoff performance. It was concluded that the battery of tests used in
the current research would only be useful for sclection and classifica-
tion under conditions when the Army was able to select only those
individuals scoring in the top 30 percent on the tests. However, in
the absence of the draft, it is unlikely thst the Army could afford to
be g0 selective about its manpower.

The second objective was attainet¢ by tape recording the verbal
lnterchanges between 68 pairs of individuals performiang six simulated

VI-1
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hendoffs. This group of lndlviduals was drawn from cperational air
combat units at Fort Hood, Texas, and featured a prepondersnce of

hendof f~-experienced aviators.

The tape recordings were first transferred to casasttes from the g
original reel-to~reel medium. Selected handoffs were then reviewed and
typed tranacripts prepared. These transcripts vere then submitted to
content analysis. Unfortunately, due to the pressures oi time, it was
not possible to progress beyond some rather elagentary word~count teche~
niques. However, based on a limited sample of handoffs, the foilowing
conclusions were tentatively reached.
° The shorter message is most effective.

High message rates (word/second) may be more effective.

The ratio of observer speaking time to pllot speaking tiae
seems lmportant {observer talks more) .

2 LS s

The use of a relatively large number «f adjectives yilelds a
richer, more effective target descriptiom.

These analyses will be continued and the scope expanded to include all

retrievable handoff recordings. Additional simple word-cuunt analyses

will be performed aimed at inveatigating the rile of color and shape in
target description. However, it ias expected that these simple analysee
will be supplanted with more complex techniques aiming at more abstract

units of meaning, i.e., themes.

o e b1 ke a s e

;

Finally, it was alsc tentatively concluded that each handoff situ~ . i
ation 18 largely unique, and that the specification of a set of procedures
to deal with esch possible situstion or even sete of situations is

nearly impoasible, The uniqueness of any handoff situstion can be

appreciated by considering that each of the elements that define the

Vi-2




situation, i.e., terrain, target type, illumination, range, heading,
etc., has many realistic levels. When these and other elements are

combined, the universe of situations become a factorial with the number :

t
of possible combinations rapidly approaching infinity. Therefore, a

number of more general approaches t¢ the problem are under considera- :

tion. The bulk of these notions center around continued use of the

target handoff simulator as a basic test-bed. Briefly, these general

approaches can be regarded as alternate training strategies. The list

of strategiles which may be considered includes:

é ¢ The use of supplementary printed meterials which give exawples

of "effective' procedures.

The use of supplementary printed materials setting forth rules
for effective handoff.

The use of timing devices to teach the use of limited, con-
denged messages.

b

The use of ccunting techniques to limit the number of words in
any transmission.

[P,

Several other strategies may be considered which are even more

general, and are not based on the results cof the current study. These

b B o ey s &

are;

Free-play with sumuary feedback after each haadoff.
. Prompting as required. ' f
Free-play with summary feedback after a series of handoffs.

These strategies will, o¢f course, be supplemecrted by others and an
\ effort will be made to identify severai with the most potential for
i i tryout.
These training epproaches center around the simulator and may be

supplemented by carefully designed field exercises which muy feature

VI-3
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simulated targets or the use of other measures designed to reduce impact
on scarce resources. The final product of this research will be an
integrated appreach to target handoff traiming with emphasis on field
and claseroom exercises as appropriate. 1t is hoped that any approaches

recommended can be validated in the field before implementation.

CONCLUDING REMARKS

During the contract year, contact was establiahed between the
handoff research staff and individuale from the Army Elaectronic Commang,
Fort Moamouth, Nuv Jersey. These ludividuals were concerned with a
concept which would exchang: loformation between elements of Army air
vig & digital data link. 1his proposed system soon became known as the
“Target Handoff Information System" (THIS). Briefly, this system would
allow the rapid transferral of data concerning target type and location
frow a scout helicopter to an AH, or vice versa. The data would be
digitized, cowpressed, and transmitted by radio in brief bursts and tbus
would be almost immune from enemy atteuwpts &t electronic interxference.
A staff wember visited Fort Monmouth and discussed handoff and heli-
copter tactics with the THIS staff. The THIS sgystem is currentiy only
in the conceptusl stage, although a requeat for proposal for three
prototype systcems is belng firmed up. While it seeme obviocus that this
syatem will soclve a great many of the problems associated with target
handoff, it should be pointed out that ic¢ is intended for use in advanced
aircraft which will not reach the operational units until the 1980s.
Even then, problems of reliability and maintainability may cumbine to

render the system ineffective from time to time., Therefore, the current

VI-4

N
| NN

P

LR U ¥ RSP

[SUY SATN

L




e e T T g = s e s amon e s o -
- m—

T e e et A § T WA A s S 1w A 3 et A e e .

. e, MO AT el il < ARALA - b sebmbo v Pkt

f
{

research should be continued, both as a means of providing an effective

system until the THIS system is implemented, and also as a backup to

-

this system, should it fail.
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APPENDIX A

Date
Position P o ___
Paired With
Correct Correct
Time 1 Time 4
Time 2 Time 5 N
Time 3 Time 6 -

DO NOT MARK ABOVE THIS LINE

PERSONAL HISTORY

Name: Rank.:
(Last) (First) (MI)
Primary MOS: Years Service
Age: ___ Present Job Title: Time in Present Job
Present Military Unit SSAN

How far did you go 1im achool?
) a. High school or GED

b. Had some college work

e S

c. Graduated from college
d. Completed some graduate training

e. Completed Masters

Rt B S

f. Cowpleted PhD

g. Post Doctoral

. o AT D
-~

Pleagse estimate how many targets you have initiated/veceived.
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APPENDIX B

INSTRUCTIONS TO PILOT PLAYER

A color tramsparency will be presented on the screen in front of
you. Like the one now on the screen, the transparency will depict an
area of terrain with a target or a target area. The target will be
generally obscured and the target areas will not be obvious. Half of
the presentations will be target area sllides. In these you will be
required to locate a small area of terrain that your observer is at-
tempting to describe. The other half of thke slides will contain wili-
tary targets (vehicles, structures, etc.) that you must locate given
your partner's instructions. It is important that you locate the target
or area as quickly as pessible, using the information given to you by
your partner, Your partner will know the target location; however, his
field of view, angle of regard, etc., will differ frow yours. Your
partner will begin by describing the target to you. After that, he will
try and describe its location. You may ask whatever questions you want
of him. In your communications, your callsign will be BLACKHAWK. Yor.r
partner's callsign will be BLUEBIRD. Please try and identify all of
your communications by your callsign. This will aid in later analysis.
Other than the callsign, any other communication format you may use is
entirely your choice. If you have had experience as an attack heli-
copter pilot or observer, please attempt to make your communications
realistic to a real combat target handoff. A trial will begin when the

' a scene appears on the screen, the other

experimenter signals "begin,'
player will describe it to y-n. Continue until you acquire the target.

Six trials with six different problems will be presented. When you are

B-1
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sure you have the target, ackmowledge by saying, "I have the target."
The experimenter will then verify your judgment. If you are correct,
press the "pickle" switch; this will terminate timing. The next trial
will begin with the appezrance of the next slide. Remember, you must
locate the target as quickly as possible. Please ask any questions now;

it wili not be possible to stop during a trizl.
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APPENDIX B
INSTRUCTIONS TO OBSERVER PLAYER

A transparency will be projected on the screen in front of you.
This transparency will be of an area of terrain with a target or target
area marked as in the example on the screen. There are six slides
besides this example. Three will require you to describe the location
of a military target emplaced in terrain, three will require that you
describe a target area. In the area presentation no military target

will be obvious. The sheet in froant of you will name the target featured

on each of the slides in order of their appearance. Your partner will
be presented with the target area as it would appear from a greater
distance and from a differing angie. The carget location will not be
obvious to him. Your task will be to help your partner locate the
target by describing what you see. Always identify yourself at the
beginning of a message with your callsign, BLUEBIRD. The callsign of
your partner is BLACKHAWK. Other than the use of callsigns, you may use
any wmessage format you are comfortable with. However, the intent of
this study is to look at target handoff. Therefore, if you have had
experience in handoff, try aud search as you would in a realiscic combat
situation. When the other individual has acquired the target, he will
verify and the trial will be over.

The trials will begin when the slide projector cycles. Begin de-
scription as soon as you are able after the plcture appears. Always
begin your message with a description of the target (e.g., "T62 tank,"
etc.) from the 1ist. The trial will end when the other player signals
that he has identified the target. Each trial will proceed in the same

fashion until all six have been shown. Please ask any questions now; it

will not be possible to stop during a trial.
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APPENDIX C

Examples of Handoffs

The following pages present two examples of handoff as tramscribed

verbatim from tape recordings obtained during the course of the main

study. The two examples were chosen to illustrate some of the diversity
of responses to the handoff task.

In the handcffs, the observer player used the callsign, BLUEBIRD,
while the pilot player identified himself by BLACKHAWK. Except for the
initial exchange, the transcripts use the abbreviation BB for BLUEBIRD
and "7 for BLACKHAWK. Also, the reader may note that some of the
transcripts end without a positive indication of target acquisition by
the pilot player. In these cases, the pilot pointed cut the target to
the experimenter who verified his choice. The pilot then closed his
switch, terminating timing. Thus, although the transcript does not
indicate a successful acquisition, it was in tact achieved.

The playere in example #1 generally perforu at a less effective
level than do the players in example #2. The differences between the

two pairs of players are most marked in handoffs 3, 5, and 6. The

players in the first example were not communicating effectively, and the

pllot player became very exasperated with the quality of informaticmn

being provided him. Yet, in both examples the players were experienced

aviators who claimed extensive experience in target handoff.




EXAMPLE #1

Handoff #1: Time, 96 seconds

START

BLACKHAWK, thias is BLUEBIRD.

(BH)
(BB)
(BH)
(BB)
(BR)

(BB)

(BH)

(BB)

(3H)

(BB)

Go ahead.

0K, do you have the bridge in sight?

Roger. I have the bridge.

OK, do you have the town on the opposite side of the bridge?
Roger. I have a group of houses.

OK. On the other side of the river, approximately 100 meters
from the end of the river, is a tree aud there's a bunker at

the base of that tree. And it's spproximately 10 meters off
the road.

On the same side as the village. It's on the opposite bank.
Roger. I'm looking.

OK. There's a tree there, a big tree all by itself.

Roger. 1Is it a dead tree or a live tree?

It looks like a live tree. It has scwe yellow foliage on it.

Roger. Understand it's on the other aide of the group of
houses.

it's on the opposite bank of the river from where the houses
are,

I have negative contact,
OK. PFrom the houses put yourself on the road.
Roger.

Near the houses cross the bridge.
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(BH)
(BB)
. (B1)

(8B)

(BH)

Roger.
OK. You see a car?
Roger that. Got the car.

The car is pointing right at the tree, it's approximately 200
meters from the car.

Roger. I‘ve got it.

Handoff #2: Time, 18 seconds

START

BLACKHAWK, this is BLUEBIRD.

(BH)
(8B)

(B11)

Go ahead.

I have a group of vehicles on a dirt road.

I have contact.

Handoff #3: Time, 300 seconds

START

BLACKHAWK, this is BLUEBIRD.

(BH)
(BB)
(BH)

(BB)

(BH)
(BB)
(ri1)

(BB)

Go ahead.
OK. To my front I have a dirt road.
Roger,

OK. To the left, correction, to the right of the dirt road
about 10 meters in some trees 1s a 105.

Roger. Understand a 105 in the trees.
In the trees, just off the road.

Rager. T.ocking.

A small trail that goes off the road and it's just inside the
trees.

c-3
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(8H)

(BB)

(Bl RBoger. Negative contact at this time. 5till looking.
(BB) OK. From my position it's to the right, there's a very small
trails that goes off to the ~rvecwmw—s
$ (BH) Roger. I've got contact.
(B8) 0K?
(BH) No, I don't have contact.
(BB) Do you have the dirt road?
(BH) I've got the dirt road. Dirt road is perpendicular to me at
this time,
(BB) Perpendicular?
(BH) Roger.
(BB) OK. It should be near 12 o'clock, somewhere in that vicimity,
: there should be a small trall, just a vehicle track.
]
(BE) I have negative contact with I've vehicle tracks
but they're on the cpen side of the field, not in the trees.
: (BR} OF. Do they go inte the tress?
i
! (BH) Not that I can gee at this time.
(BB) I've got no other references here, There's a road and some
: trees and that's all I've got in front of me. There's & trail
that goes off of the road.
(BRH) I can't find it.
]
END
E
3 Handoff #4: Time, 57 seconds.
START

BLACKHAWK, this is BLUEBIRD.

BLUEBIRD, go ahead.

Do you have the hardball in sight?
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(BH) Go. the hardball in sight.

{BB) Do you have buildings at an intersection.

(BH) Rogexr., I'v. got buildings at intersection at my 1l o'clock.
(BB) OK. Do you have the windmill?

(BH) Looking at this time. Hegatlve tally on the windmill.

(BB) OK. Do yocu have any buildings at all? Describe the buildings.
(BH) Roger. I've got several farre buildings at my 11 o'clock.

(BB) OK.

(BH) Negative on that intersection., Those were farm buildings at

11 o'clock. I also have some buildings out at my 1 o'clock
and I've got a dirt trail btraunching off the hardball.

(BB) The dirt trail branches off +his hardball. Dec you have one
building in sight? Looks like a house or carage.

{31 Roger., Qut a2t the end of the dirt road.

(BB) That's it

(BH) Roger. Got it in sighi-

(Experimevter) That's nou it.

(BH) OK. On the hardball you got the buildings. 1've got my --
1 got those buildings at 11 o'clock. There's a group of about
8ix buildings. Where are they from your position?

C e

(BB) That's the buildings that I thought I was looking at.

3 END

; Handoff #5: Time, 300 seconds. : },

; BLACKHAWK, this is BLUEBIRD. |
(BH) BLUEBIRD, go &head.
(BB) I have trucks concegled in trees to my front. Can you see a

hill or & ~=-~- can you see a hilltop?
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(BH)

(8B)

(BH)

(BR)

(24)

(BB)
(BH)

(BB)

I've got a hill mass approximately a click to a click and a
half to my 12 and 1 o'clock

OK. Lock to the base of the hilla.

Rogar. It's too fer a distance to pick up. Looks like I'm on
top of the hill looking down right now.

That's where I am. You must be further away. I can‘t give
him anything. There's trees out there. OK, the target 1 have
two, well, I have one truck that's circled and I've got two
trucks in sight; they're 2 1/2sg,

I'm looking at this time. I don't have much. I've got a

dirt road at my 12 o'clock at the base of tha hill and I

have vehicle tracks brauching out from there. And am approxi-
mately at 100 meters on the other side of the dirt road at

the base I've got another dirt road.

OK. I don't have any dirt roads in sight.

OKO

Can't do it.

END

Handoff #6: Time, 300 seconds.

START

BLACKHAWK, this is BLUEBIRD.

(38)

(BB)

(BH)
(88)
(34)
(BB)
(21)

(B1)

SR, s ki a3 IRt s = 222

BLUEBIRD, go ahead.

I've got a small mound at my 1 o'clock. There's a vhite
portion that's small, it's covered with green and there should
be a white portion ian that small mound.

Roger.

That's 1it.

That is a double hill ~ observe-.

It's a concealed observer.

No. I don't have it after all,

OK. I am loocking at a hardvall rvoad at approximately 300

meters from my posit‘on and I also have a aill mass over here
with a road on 1it,
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(BB)

(BH)
(BB)
(BH)

(BB)

(BH)

(BB)

(BH)

(BB)

(BH)

(BH)
(BB)

(BH)

(BB)

(BH)
(BB)

(8B)

OK. It's just a small mound. It's got green trees all around
it and right in the middle of it is a white area.

It's got green all around it?
Looks like sand or dirt or smelting.
Negative contact at this time.

OK. Look to elther side of the road. Are there wires on the
road?

Yes, there's wires rumning to the road, there's no wires on
the road.

Wires to the road -- hmm.

It's & double set of power lines running perpendicular to the
road.

Yes,
£
4 &

(e}

ower lines. OK. Look to either side of the power lines

p
that small hill mace, emall knole.

Roger. 1l've been looking. I think I have contact at this
time. I'm not sure.

I have negative contact.
I'm unable to describe further.

I'm looking at hills and at my 11 and 1 o'clock, group of hills
out there approximately 500 to 800 meters.

OK. These are closer, closer to my position. Just the small
ones.

I don't know wh 't your position is.
I don't know what your's is either.

OX. Out there tc your 11 o'clock.
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EXAMPLE #2

Handoff #1: Time, 48 seconds

START

BLACKHAWK, this is BLUEBIRD. Target area this side of trestled bridge.

(BB)
(BH)
(8B)

(BH)

(BB)

(BH)

(8B)

Am I looking for an erea, BLACKHAWK?
That's affirmative.
OKI

It's a road intersection, closest one, first on this side of
trestled bridge.

OK. You say this side, BLACKHAWK? You got buildings on your
side?

That's a negative,

OK. Target.
END
Handoff #2: Time, 11 seconds.
START

(8B)

Target. 2 1/2 ton truck.

END

et

Handoff #3: Time, 14 seconds.

(BR)

START

Target is a 105 field piece. '

END
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Handoff #4: Time, 34 seconds

START

(BB) Terrain area. Have numerous bulldings in vicinity with
‘ windmill in center adjacent tc road with power lines.

(BH) BLUEBIRD, you got a vehicle zoing down road in front of you?
(BB) That's a negative.
(BH) OK. Target.
(BB)  OK. There's a small pond.
(BH) Small pond? That's the target?
(BB) A very small pond adjacent to the road.
(BH) oK.
END

Handoff #5: Time, 12 seconds.

START
(BB) Target is a shelter, possible enemy headquarters. It's a
square block.
END
Handoff #6: Time, 12 seconds.
START
(BB) Terrain area, hilltop, bald spot near center of hill,.
(BH) Target.
| END
i
| y
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