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~”tests of military targets. The recordings were played back to activate

the disp lays during experimentation . Sixteen Naval personnel (eight relatively
experienced with UGS and eight inexperienced) were given training on the
displays. Each subject then monitored each disp lay in turn for two hours ,
reporting target information as he would operationally. The reports were
compared to known ground truth and were scored on total detections , false

• 
- alarms, detection accuracy, and target direction (i.e., direction of target

movement).

Operator performance was unaffected by the type of disp lay used.
Operators were able to detect a higher percentage of targets during period s
of low target activity than during periods of high target activity . However,
the accuracy of the detections was higher during the high activity period .
Levels of experience did not have a significant effect on performance.
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F O R E W O R D

A field of special interest to the Battlefield Information Systems Technical Area of the Army
Research Institute for the Behavioral and Social Sciences (AR I) is that of human factors problems
of surveillance information presentation and interpretation. One source of surveillance information
is remote monitoring by unattended ground sensors (UGS). When an unattended ground sensor is
activated by personnel or vehicle movement in its vicinity, a monitor display elsewhere indicates
the activation. The research presented here compares the relative effectiveness of four different
UGS displays.-an X-T plotter and three variations of a situation map display--in terms of their
effect on monitor performance. It is part of a continuing ARI program on factors affecting
performance of operators monitoring remote sensing devices.

Work was done in cooperation with the Combat Surveillance and Target Acquisition
Laboratory of the U.S. Army Electronics Command (ECOM/CSTA) at Fort Monmouth , N.J., and
is responsive to special requirements of Army Project 1X7637 23D101 and of the Office of the
Assistant Chief of Staff for Intelligence. ARI research in this area is conducted as an in-house
research effort augmented by contracts selected for their unique capabilities and facilities for
specific research tasks. The present project was conducted joint ly by personnel of AR I and
HRB.Singer , Inc. of State College, Pa.

€~~ 1
7Technical Director
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COMP A RIS ON OF F OU R  UNATTE NDED GR O U N D  SENSO R DISPLAYS

B R I E F

Requirement:

To compare under operational conditions four different types of unattended ground sensor
(UGS) displays , the RO-376 X-T plotter and three variations of si tuation map display, in terms of
their effect on monitor performance.

Procedure:

The RO-376 X-T and the three situation map displays--a blinking light to indicate an activation ,
a light that increases in intensity with each additional activation , and the latter light plus the
capability of reviewing previous activations in compressed time--were compared in terms of
operator performance. Four two-hour UGS scenarios were compiled from recorded field tests run
at Fort Bragg, Noah Carolina , using typical personnel and vehicle target patterns , noise sources,
and two levels of target activity. The recordings were played back to activate the displays during
experimentation.

Sixteen Naval personnel (8 relatively experienced with UGS and 8 inexperienced) were given
training on the disp la ys. Each operator then monitored each display in turn for two hours ,
reporting target information as he would operationally, except that prepared report forms were
used. The reports were compared to known ground truth and were scored on total detections , false
alarms , detection accuracy, and direction of target movement.

Findings:

• Operator performance was unaffected by type of display used. Operators were able to detect a
higher percentage of targets during periods of low target activity than during periods of high target
activity. However , accuracy of detection was greater during high target activ ity. Levels of

-
‘ experience , time effects , and scenarios did not have a significant effect on performance .

Utilization of Findings:

The performance data from this effo rt provide the best available estimates of expected operator
performance until more extensive field data are available. Typically, in the selection of type of
display for a given objective , operator performance with available displays should be a major
criterion used. In the present experiment , however , type of display was shown not to affect
operator performance and thus offers no basis for differentiating among displays. Other measures .
such as cost and availability, can provide added basis for selection of displays.

~
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COtIPAR I SON OF FOUR UNATTENDED GROUND SENSOR DISPLAYS

BACKGROUND

One of the primary unattended ground sensor (UGS) monitor disp la ys
currently used by the Army is the X—T plotter (usually the RO—376 or
Bass III Sensor Display Unit). These X—T plotters , by means of either
30— or 60—pen recorders , portray time verticall y. Activations of sensors
are shown by short horizontal lines in specified columns , each column
portray ing the return from a sing le sensor. This permanent record , plus
information as to where the sensors are dep loyed , how far apart they are ,
and what type of sensor is being used , enables the operator to estimate
when an enemy activates a sensor , where the enemy is , in what dir2ction
he is going , and at what speed. Because the record is permanent , the
operator ’s report can be checked.

An alternative UGS disp lay (the situation map disp lay) consists of
30 lamps , each lamp linked to an individual sensor in the sensor field.
Upon activation of the sensor , the corresponding lamp is illuminated
at a predetermined blinking rate for a period of five seconds. After
a five—second dormancy , the lamp again is able to light up if the corre-
sponding sensor is again activated. Previous experimentation with this
d isp lay 1 had revealed certain shortcomings. Subsequentl y, several varia-
tions of the map display were proposed and configured by the Combat Surveil-
lance and Target Acquisition Laboratory (ECOH/CSTA) , Fort Monmouth , New
Jersey. The lamps in this display were situated beneath a scaled skctch
map of the actual sensor field. The lamps were placed at points which
represented the actual deployment locations of the corresponding sensors.
Art advantage of this disp lay is that it aids the operator in identifying
quickl y the location and direction of movement of the source cf activations
by permitting direct simultaneous observation of the map and activating
points.

Subsequent to the development of the map display , researchers incorpo-
rated the use of a playback unit into the system. This innovation allows
the monitor to review previous activations on the disp lay at his option.
This reviewing process was conducted in compressed t ime , i.e. , a shorter
period than real time. The rate of 8 X real time has been most commonly
used.

A mo re recent var iat ion of the map disp lay features an exponential
• lamp dr iver circuit . Basically , this circuitry increases light intensity

in the lamp with successive sensor activations. In addition , a slower

4 ’

1 Mar tinek , H. , Hilligoss , R. , and Lav icka , F. Compar ison of three
d isplay devices for unattended ground sensors. ARI Technical Paper ,
in press. 
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decay of light magnitude provides a sustained signal for a period of time
following sensor activation. Consequently , a temporary record of recent
activations is provided the monitor.

To evaluate these developments , an objective assessment of the
displays and their effect on monitor performance was necessary. In
addition , since previous research had been based on the string , or trail ,
dep loyment of sensors , it was possible that different results would he
obtained if a different deployment technique were used. To check this
possibility, a new sensor dep loyment technique , area deployment , was used
to drive the disp lays. Br iefly, area dep loyment consists of sensors
dep loyed in a grid (Appendixes A and B) across a designated area as
opposed to the sequential alignment in the sensor string technique. Area
dep loyment is intended for large areas where coverage by radar or other
means cannot be used. It is designed to detect enemy forces intruding
into a given geographical area , in contrast to the sensor string technique
which is employed along trails or roadways.

OBJECTIVES

1. To determine the relative effectiveness of several UGS disp lay
devices under typ ical operational conditions. The displays to be compared
were : (1) the RO—376 X—T plotter , (2) the situation map display with
blinking lights , (3) the situation map disp lay with exponential lamp
driver , and (4) the situation map display with exponential lamp driver
and compressed time playback capability.

2. To determine how target activity, t ine effects , and operator
experience affect operator performance and the relative effectiveness of
the displays used.

3. To determine the approximate level of operator performance using
the area deployment of sensors.

METHOD

Population and Samp le

Army enlisted UGS operators who have been trained at the Combat
Surveillance and Electronic Warfare School , Fort Huachuca , Ar izona and
who have had some field experience constitute the population of concern.
In view of the difficulty of ohtainimg a sufficient sample of experienced
Army personnel at one location , school trained Naval enlisted personnel
who had had field experience on several maneuvers were used. In addition
to that experience , two hours training was given on the various map
d isplays and the interpretation of area dep loyment sensor activations. A
total of 16 Naval  personnel served as subjects.

• .-
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Equi pment

The RO—376 X—T plotter simulator consists of a viewing window and
a drive mechanism that presents sensor activation data exactl y as the
infoimation would appear on the actual RO—376 (40 channels were used
to represent two 20—sensor fields). Previously prepared X—T plots were
d isp layed on this simulator. The three situation map displays used in
the experiment were configured at the Combat Surveillance and Target

• Acqu isition Laboratories , Fort Monmouth , N.J. Tie map disp lay with
• compressed time used a recorder equipp ed to operate at a speed of 8 X

real time , at the subject’s option. All three were driven by tape
recorders. On all three disp lays , 40 lamps were used , representing two
20—sensor fields.

0 Resear ch Des ign

The 16 subjects monitored each of the four disp lays dur ing four
two—hour sessions. Four two—hour scenarios were prepared so that no
subject would observe the same scenario more than once. Each scenario
contained two half—hour segments of high activity (9—14 targets) and
two half—hour segments of low activity (2—5 targets). A Graeco—Latin
square des ign prov ided balance of disp lays , scenar io , and order of
presentation (Append ix C).

Variables

Independent Varia~ les. The independent variables were :

1. Displays. The RO—376 X—T plotter simulator and three different
situation map displays.

2. Target density level. Low dent~ity level (2 to 5 targets per
half  ho ur )  and high density level (9 to 14 targets per half hour).

3. Operator experience. Subjects were assigned to groups on the
basis of their field experience with UGS. Two groups of 8 subjects
each , one relatively experienced and one relatively inexperienced , were
tested. Group membership was determined on the basis of supervisor ’s
ratings. A questionnaire completed by the subjects showed that the low
exper ience group had had almos t no experience w ith UGS beyond Se rvi ce
School attendance and that the high exper ience group averaged over a

• year in field experience.

4. Periods. Each operator worked for a total of four 2—hour periods.

5. Scenarios. Each operator observed each of the four scenarios.

6. Order of displays. Order of presentation of the four disp lays was
systematically controlled.

7. Order of scenarios. Order of presentation of the four scenarios . 
-
~

was sys tema ticall y controlled.

— 3 —
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Dependent Variables. The dependent variables were :

1. Correct detection. If an operator reported a target at the time
a target was activating the designated pens or lamps of the disp lay , the
response was classified as a correct detection.

• 2. False alarms. If an operator reported a target at the time no
target was activating the designated pens or lamps of the display , the
response was classified as a false alarm.

• 3. Accuracy. Ratio of correct detections to total number of targets

L reported by the operator.

• 4. Correct direction. If an operator reported the actual route of
a given target , the response was classified as a correct direction response.

• Scenarios

r The scenarios were developed from recordings of personnel and tracked
F and wheeled vehicle f ie ld  runs conducted at Fort  Bragg , Nor th  Carolina

in April  and May of 1973. Records of a to ta l  of 40 seismic sensors of the
more than 130 dep loyed were selected to be used in developing four  test
scenarios (A , B , C , E) and one prac t ice  s c e na r i o  (0). Typical background
noises such as are caused b y weather , noisy sensors , a r t i l l e ry, and air-
craft were not eliminated. All scenarios contained approximately the
same number of targets. Table 1 shows the exact number of targets per

• h a l f—hour  segment in each scenario. Over 90% of the targets were vehicles ,
in groups of 1 to 9. Vehicle d r ive rs  were given orders to travel at a
given speed , in most cases 10, 15 , or 20 miles per hour.

Table 1

DISTRIBUTION OF TARGETS BY SCENARIO SEGMENTS

.0?

L i - -  Scenario
Segment A B C E D Target Densi ty

1st half hour 4 3 4 4 4 Low

2nd ha l f  hour 9 10 11 10 7 Hig h

3rd half  hour 2 5 3 2 3 Low

4th  half  hour 13 10 9 14 9 HIg h

Total  28 ~~~~~ 
‘i~ ~~~~~ 
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Procedure

- Four opera tors at a time were given a general br ief ing exp laining
the purpose of the research and what their roles would be. They were
given two hours of instruction and prac tice on the various disp lays
(Appendix D). They also practiced reporting target activations , using

• the prepared forms. Following a one—hour lunch break , the opera tors
returned for their first two—hour testing session. On the morning of
the fol lowing day , the group returned for their second testing session.

-• The third and fourth sessions were held in the afternoon. The last two
sessions were separated by a 10—minute break. The complete testing
schedule is shown in Appendix C. At each session , subjects worked on

• a different display and scenario.

0 All subjects used the two report forms (Appendixes A and B) to record
0 target information. One form (Green) was used to report activation on

the lef t half of the display (Sensor Field 1) , and the other (Blue)
was used to repor t ac tivations on the right half of the display (Sensor
Field 2) .

Some equi pment f a i l u r e s  and human errors occurred during tes t ing ,
but a record of these was kept for consideration in subsequent scoring.

-
~~ These disruptions included:

1. A malfunctioning lamp circuitry in two displays——the situation
map display with blinking lights and the situation map display with an
exponential lamp driver circuit. Testing was discontinued and resumed
when circuitry was repaired , and subjects were rescheduled.

2. The RO—376 X—T plotter drive mechanism stopped several times
during testing. Experimenters repaired the mechanisms , resei clocks ,
and resumed testing.

3. Several subjects were unable to attend their scheduled sessions.
I Experimenters rescheduled all subjects so that no experimental cells

went u n f i l l e d .

RESULTS

Targe t De tec tions

Displays. Table 2 shows the mean number of correct target detections
for each of the four displays. The differences between disp lays were

- I not statistically significant (Table 3). In spite of the operators’
greater familiarity with the RO—376 and the availability of a permanent

- record with its use , performance was not superior to that obtained wi th
• 

. the si tua tion map displays. -
~~~

-~~~~ - 5 -
L
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Table 2

MEAN TARGET DETECTION SCORES BY DISPLAY

Display Mean Scores

RO— 376 14.87

• Blinking lights 15.25

Exponential lights 16.75

Exponential lights with
compressed time 16.87

Table 3

ANALYSIS OF VARIANCE SUMMARY——TARGETS DETECTED

Signif icance
Sou rce df SS MS F Level

Between Subjects 15 371.6250
Experience 1 72.0000 72.000 3 . 3 6 4 2  NS
Subj ti. E = el 14 299.6250 21.4018

Within 112 1506.2500
Period 3 12.9375 4.3125 1.0826
Display 3 25.1250 8.3750 2.1025
Scenario 3 6. 7500 2.2500 0.5649

• Experience X Period 3 17.0625 5.6875 1.4278 NS
Experience X Disp lay 3 12. 2500 4.0833 1.0251 NS
Experience X Scenario 3 5.6250 1.8750 0.4707 NS
Residual = e2 30 119.5000 3.9833

• Activity (Lo—Hi) 1 892.5312 892.5312 66.8428 .01 *

Activity X Experience 1 38.2813 38.2813 2.8669 NS
Activity X (Subj W. E) = e3 14 186. 9375 13. 3527

: Activity X Period 3 2.9063 0.9688 0.3131 NS
Activity X Disp lay 3 21.5938 7. 1979 2.3266 NS
A c t i v i t y  X Scenario 3 27.5937 9. 1979 2.9730 .05

• Activity X Experience X Period 3 23.9062 7.9687 2.5757 ~~~~

Activity X Experience X Display 3 8.0937 2.6979 fl .8720
Activity X Experience X Scenario 3 12.3437 4.1146 1.3300 NS

Residual = e4 30 92.8125 3.0938 . 



Activity Level. Table 4 shows the mean de t ec t ion scores for the 
two activity levels . Although the average numb e r of det ec tions during 
high ac tivity was significa ntly g r ea t e r tha n during low ac tivit y (Table 3 ) , 
the a verage number of targe ts presented was also g r ea t e r during high 
activity. Thus , the ratio of d e t ec t ed targets o ve r presented targe t s was 
lower for the high ac tivity period. The de t e c tio n r a tios a r e diffe r e nt 
at the . 001 leve l, using the Chi square test for signi fi cance . The lowe r 
detec tio n ratio for the hig h activ it y condition can be a ttribut e d t o 
"ope r ator overload " and "target overlap ." " Op e rat o r overload" refer s t o 
inadequate time for the o p e r a t or t o interpret a ll the senso r a c tivations 
prese nted and to prepar e t he require d targe t r e port s . " Ta r ge t ove rl a p " 
refers t o simulta neous or imme dia t ely successive activation of senso r s 
b y differe nt targe t s . In s uch instances , t he signals caused by o ne 
targe t may b e emb edded i n the signal pat t e r n gene r a t e d by anothe r t a r ge t, 
so tha t the t a rge ts a r e di ffic ult t o detect . 

Table 4 

MEAN DETECT ION SCORES BY ACTIVI TY LEVEL 

==============================-=---- ------- - ---------------

High Ac tivity 

Low Ac tivity 

Ta r ge ts 
Detected 

(pe r scen a rio) 

1 o. 6 

5. 3 

Ta r ge ts 
Pr esen t ed Detected 

(pe r sce na rio) Pr e s e nt e d 

2 1. 50 • 4 7 

6. 75 • 79 

Scena r ios . No significan t differe nces were found betwe e n scena rios . 
indicating that the diffi c ulty of detecting targe ts of the four t est 
scenarius was similar . 

The interactio n betwee n activit y a nd scenario s was s t a t is ti c~lly 

significant at the . 05 leve l . Thi s inte r ac tion may be a n a rt ifact 
at tributable t o difference s in the numbe r of targe t s in the l o w a nd high 
activity segments of the scenarios . While the total numbe r of ta r ge ts 
varied little among the s cena rios , the s cena rios having the lowes t numbe r 
of targets in the l o w activity segments (A a nd E) had the hig hes t numbe r 
o f targe t s in the high activity segmen t. Since the expe rimental design 
balanced scenarios ac r oss displays and o rde r of presentation, scenar io 
inequality did not affect the r esul t s of primar y inte r est . Table 5 
shows the t o t al targets detec t ed dur i ng each activit y level of the f o ur 
scenarios. 

- 7 -



Table 5

TOTAL DETECTION SCORES BY ACTIVITY LEVEL BY SCENARIO

Scenar io
A c t i v i t y  Level A B C E To tal Score

Low 82 87 92 80 341

High 167 172 155 185 679

Total Score 249 259 247 265

False  A l a r m s

Table 6 shows the mean number of false alarms on the four displays.
Subjec ts  repor ted  a g rea te r  number of false alarms while monitoring each
of the three situation map d isplays than while monitoring the RO—376. The
differences between displays was not statistically significant (Table 7).
Table 8 contains a breakdown of the mean number of false alarms by time
period.  The d i f f e r e n c e s  between periods was statistically significant
at the .05 level (Table 7 ) .  No simple explanation for this difference
is apparent. A combination of learning , notivation , and fa tigue e f f e c ts
may have contributed to these results. Neither the activity variable nor
the scenario variable showed significant differences. The interaction
between these two variables was found to be significant at the .05 level.

* 
Table 6

MEAN FALSE ALARM SCORES BY DISPLAY

Display Mean sc ore

RO—376 9. 62

B l i n k i n g  l ig h t s  11.81

Exponential lights 11.00

Exponential li ghts wi th
compressed time 13.44
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Table 8 

HEAN FALSE ALARM SCORES BY PERIOD 

Period Hean Sc o r e 

1 8. 75 

2 16. 0 7 

3 9.81 

4 11. 25 

Table 9 shows th e t otal number of false ala rms r eported dur ing 
each ac tivity l evel of the fo ur scenarios. Although whole scenarios 
we r e r elatively simila r in difficulty, individual activity pe r iods did 
differ significantly ac r oss scenarios. Variation 1n false ala r ms was 
g r ea t est between the low ac tivity segments of t~e various scenarios . 
Less diff e rence in number of false alarm& oc~urrPd during high ac tivity 
periods. Note that scenario B had the leas t ,umber of false a larms 
reported during low ac tivity and the most :eport~d during high a ctivi t y , 
while the opposite was true fo r scenari0 C. It is possible that 
t a r ge t pa tt e rns we r e more dissimilar riu r ~ng t he various l ow ac tivity 
periods th an during high activi t y periods; ~onse1uently , monito r s 
responded less consistently with r espect to fJlse alarms . 

Percent Accuracy 

Table 10 shows the pe r cent dccuracy for ea~h of the four di s plays . 
The diff e r ence in accuracy was no t statistically significant fo r the 
displays (Table 11). Table 12 shows the pe r cent 3ccuracy for activity 
l e ve l s . Moni t o r s were ab l e to func t ion with a greater deg ree of 
accuracy during periods of high activity than du ring periods of low 
ac tivity . Table 11 shows that this difference was significant at the 
• 01 l e ve l. 
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Table 9

FALSE ALARM SCORES BY ACTIVITY LEVEL BY SCENARIO

Scenario
Ac t ivity Level A B C E Total Score

Low 71 57 103 86 317

Hig h 113 115 91 98 417

Total Score 184 172 194 184

Table 10

PERCENT ACCURACY ON DISPLAYS

Disp lay % A c c u r a c y

RO—376 60.82

Blinking lights 56. 35

Exponen tial lights 60.48

Exponential ligh ts wi th compressed time 55.79
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Tabl e 12

PERCENT ACCURACY BY TARGET ACTIVITY LEVEL

% Accuracy

Hig h A c t i v i t y  61.95

Low Activity 51.91

Table 13 shows the average percent accuracy for both levels of experi-
ence. These results suggest that experience does not improve overall
accuracy. The more experienced operators made more correct responses and
also reported more false alarms than did the less exper ienced opera tors ,
thus obtaining nearly identical accuracy scores. Table 11 indicates that
d i f f e r e n c e s  on the exper ience  va r iab le  were not s t a t i s t i c a l ly si g n i f i c a n t .
h owever , the in te rac t ion  of experience and activity level was statistically
significant. Table 14 shows the percent accuracy for the two levels of
experience at both activity levels. This table clarifies the nature of
the significant interaction between experience level and target activity.
Alth ough overall accuracy was nearly identical for the two experience
levels , the more experienced operators were more a ccu ra t e  d u r i n g  h i g h
a c t i v i t y  and less accurate  dur ing low a c t i v i t y  than  the less exper ienced

• ope ra to rs .  Table 15 shows the percent  accuracy  f o r  bo th  a c t i v i t y  levels
of a l l  scenarios.

Table 13

PERCENT ACCURACY BY EXPERIENCE LEVEL

% A c c u r a c y

Hig h Experience 58 .24

Low Experience 58.04

4
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Table 14

PERCENT ACCURACY FOR ACTIVITY BY EXPERIENCE LEVELS

Experience
Activity Level High Low

Hi gh 63. 18 60. 44

- 

• 
Low 50. 03 54. 32

Table 15

PERCENT ACCURACY BY SCENARIO BY ACTIVITY LEVEL

Scenario
Ac t iv i ty  Level A B C E

Low 53. 94 60. 70 47. 49 48 .47

Hi gh 59.81 60.13 63. 25 65. 59

A significant ( . 05)  interaction of activity and scenarios was found

for percent accuracy. No significant results were found between scenar-
ios; however , when act ivity levels within the sce nar ios are compared ,
some d i f f e r e n c e s  are observed. Percent  accuracy du r ing  hig h a c t i v i t y
periods for all scenarios was similar. Percent accuracy during low
a c t i v i t y  pe r iods  across scenarios showe d g rea te r  v a r i a t i o n , probably

0 causing the sig n i f i c a n t  i n t e r a c t i o n  e f f e c t .  D i s s imi l a r i t i e s  of t a rget s
d u r i n g  these low a c t i v i t y  pe r iods  would appear to account  f o r  the
d i f f e r e n c e  in pe r fo rmance  accuracy.

Targe t Direc tion

A direction response was scored correct i f  a mon i to r  repor ted  the
actual route of a given target. Table 16 shows the mean number of
correct direction scores for the four displays. The difference between

disp lays was not statistically significant (Table 17). Table 18
shows the mean direction score and direction completeness score (direc—
tion score d iv ided by total possible direction score) for both target

a c t i v i t y  levels.  An ana lys i s  of va r i ance  (Table  17) indicated that

_  -~~~~ ----- ~~~ - -
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the  d i f f e r e n c e s  fo r  a c t i v i t y  level were s i g n i f i c a n t  at the .01 level .
• However , the s i g n i f i c a n t ly g r e a t e r  number of c o r r e c t  d i r e c t i o n  r e p o r t s

during high activity periods was due almost entirely to the greater
number of targets present , as evidenced by the direction completeness
scores in Table 18.

Tabl e 16

MEAN DIRECTION SCORES BY DISPLAY

D isp lay Mean Score

RO—376 3.44

Blinking lights 3.81

Exponential lights 4.06

Exponential lights with
compressed time 2.37

CONCLUSIONS AND D I S C U S S I O N

The results on all four performance measures comparing d isp lays are
consistent: No significant differences were found. This finding strong ly
indicates relative equality among displays. With a minima l amount of
training, monitors were able to perform as well on the situation map
d isp lays as on the RO-’376 for which they had received substantiall y more
training and experience.

5 Howeve r , all field data in this experiment were collected on an area
deployment test. None of the monitors had had previous experience with
th is par ti cular dep loyment technique. An area deployment familiarization
briefing was provided prior to this experiment , but monitors had difficulty
working with this new concept. It may be inferred that performance scores
decreased because of use of this dep loyment technique since the monitoring
task is more difficult and less familiar than that for string deployment.

Recurring significant results were obtained in the analysis of the

• t a r ge t  a c t i v i t y  v a r i a b l e .  Most  of this variance is attributable to the
unequal  number  of t a r g e t s  p r e sen t ed  in the  two ~ir t i v i t y  per iods .

04

— is — 

—“-- -~~- .—----- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



-~~~~ - 
-

~~~

H h
‘04 0) CI) CI) Cl) CO CO Cl) Cl) - — Cl) Cl) CO Cl) CI) Cl) Cl)

Z Z Z Z~~~~~..C C ) Z  Z Z Z Z Z Z
• - 0--I

S
CO

.0-4
CO

‘.0
C) N.’.0 CO on Ni 0’. -r in N. en -r — N- CO
— Ni 0 0  -r on 0’. Ui 0’. CC — CO N. C O ’ 0
-r — en —r — -r C’) Ni N. Ui — Ni - Ni in
Ui — en in en N. -t Ui 0 N. N. — -r
0 .-i Ni 0 0 00  N. 0 0 0 0 0 0

CO
U CO O N i U i N . C ) ’ . O C O N i  C O 0 ’o N i  ‘.O C) .-~~~~ 0 — N i
C.) Cl) C’- en ‘.o -r en N. CC Ni CO Ni Ni C’) CO Ni C) N.

• Ui N — Ni in CO N. en — en CO ‘—4 Ni ‘.0 -r Ni en -r -r• 404 Ni Ni -r ‘0 0’. Ni ‘.0 0’ — en • C CO en en C’-) CC CO
C) .  . . C’-)

Ni -r o -r o o o o—  0’. 0 -~~— — — 0 0 —
E’4 in

I
I 

en
>4 N - C O O ’ .  C )C O U i C) 0’ .0’.-r CO C O O ’. O’. o’.c’.-r c’.o’.-r -.c

0’N- -4 U i L $ ’ ) e n - 40 1 f l C O 0  N J N iU i  on L r’ ) e no oc ’ )-~rCO N. in Ni Ni —r N. ‘0 ’.0 en 0’. -r en CO CO CO CO N i -.0 ’-° Ni en
N. CO ‘.oNi -r ‘.o -.o Ni 0’. 0’. CC CC in — en • Ui 00’ .  N. in Ni

• . 0’.
O N i C O  cn C ) e n — N i o — N .  0 ’ C ) N i  en lr- - r e n cN i o n

0) CI) ‘.0 if’. —r — Ui Ui or’.
Ni

.0 44)

-r
u~i — —r en en en en en en C) — — — en en en en en en c,

C) ‘0 — en en
Cl) If’) Ni
i—i — —Cl) —

~~~~~

• >4

- I - - I z
-~~ en

0) 0
>‘. -‘4

II ‘ 0 (0 1-4
1~.

0 544 ) 44 (4) 0)
U 0 ) ’  U• ‘ 0 C 0 44 S • 0~~~~ C C O

0 r-4 (0 5~~~— “ .4 0 . 5  “ .40) 1 4 ( 5 0 )  ~— 4 4 ” - ’ .  0 C 0
U ,‘4 U ‘04 U .0 “.4 0. 5 . .

Cl) II 0 4 C ) C O  ~~~~0. 5 4 4 ( 5 5 0 . 0 . 0 .
4.0 Ni I ) ~~Cl) S - 0 4 U X )~~~X - ~U C.) 0) O C . ) ’-’ ~~~C ) C O C . ) C.) C.) 0)
U
“( S  • 5 5 5 1 1  ‘-~~~~~>< ~~~~~~~~ II

U U U
5 5  0 5 0 0 — 4  ~~~~~~~~~~~~ ~~~>~~~~~~~~~ -~~~‘.‘---4

CO 5 4-° >~~“ 4 5 5 5 ( 0  ~.0 4 J 4.J ~~~~4 0 4J 4.0 4.O 4.J (0
‘—4 U ‘0 (5 44 “.4 .04 .04 5 “.4 .04 -04 .0.4 .0.4 ‘04 .04 .04 .0-4 5

0 4 4 0 )  0 5 4 4 4 4 4 4 ’ 0  > > >  > > > > > > ‘ 00) U 0) “-) 0 -‘-4 n. 5 s .,--i . .,.o ..-i ...i .0 , -4 ,0
~4 ‘0.4 4

U U Q. .0 ‘ . ‘ 4 4 4 C 5 0) 0. O.. Q. Cfl 4.0 4.J 4J ~~~~~~. 0 4 . JI.J 4.J 4.J (5
1.1 ~~~) < 5  . 0 W ” ~4 U < ~~~0 ) ~~~W U Q U  U U U U C ) U 0)
5 4.J 44) CO 0~~~~~C ) C O C 3 ) 44) 44)~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~0 0)

Cl) CC

-~~~ -~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~ -~~ tJ



Table 18

MEAN DIRECTION AND DIRECTION COMPL ETENESS
SCORES BY ACTIVITY LEVEL

Mean Scojes
Mean Direction

Direction Completeness

High Ac tivity 3.42 .159

Low Ac tivity 1.03 .153

Table 19 summarizes total performance measure scores for each of the
f our displays used in the present experiment. This experiment is the first
systematic work undertaken using the area deployment technique. Conse-
quently , the parameter data obtained provide the only such information
currently available as of the publication of the present technical paper.
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APPENDIX C GRECO-LATIN SQUA RE DESIGN

• 1st 2nd 3rd 4th
TWO HR. TWO HR. TWO HR. TWO HR.

SUBJECT SESSION SESSION SESSION SESSION

1 XT EX CT BL
A B C E

2 CT BL XT EX
A B C E

3 BL CT EX cr
B A E C

• 4 EX XT BL CT
• B A E C

5 EX XT BL CT
C E A B

6 BL CT EX XT
C E A B

- 

7 CT BL Xl’ EX
E C B A

• 8 XT EX CT BL
E C B A

9 EX Xl’ BL CT
B A E C

10 BL CT EX XT
B A E C

11 CT BL Xl’ EX

9 
16~~~~~~ T EX CT

A — Scenario A XT — R0376
B — Scenario B EX — Map Disp lay wi th Exponential Lights
C — Scenario C CT — Map Disp la y with Exponential Lig hts
E — Scenar io E and Compressed Time

BL — Map Disp lay with B linking Lights
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APPENDIX D TEXT FOR PRETEST BRIEFING AND RESPONSE REQUIREMENTS

PRE—EXPERIMENT BRIEFING

I am ~Ir. Edwards , a resear ch psychologist with HRB—Singer , Inc.
Dr. Shvern is a p ro jec t  psychologis t  f rom the U .S .  Ar my Research Insti-
tute for the Behavioral and Social Sciences (ARI) , the organization
responsible for this effort. Mr. Parker is an electronics specialist
from the Army Electronics Command at Fort Monmouth , New Jersey.

Our purpose in coming here is to evaluate , with your assistance ,
f o u r  types  of una t tended  ground sensor disp lays. Some of you may have
part icipated in a similar effort here last year. This is a follow—on to
that study. The Navy is again cooperating in the effort because of their
in te res t  in the devel opment of impr oved UGS d isp lays , and your Command has
arranged for your participation. Your task in the experiment will be to
act as a sensor operator in a number of different situations using d iffer-
ent display devices. Many of the skills you have acquired in school and
on the job will apply to these tasks ; h owever , some of the displays will be
new to you , and details such as measurement and reporting procedures will
differ. In these cases , training and instructions will be provided. If at
any time during your work with us , you do not understand something or you
are not sure of what you are to do — — — ASK. You will not he penalized
and asking mi ght  prevent  your having to repeat  some of your work. If any
of the equi pment appears to be ma l func t ion ing , in fo rm one of us immediatel y.

• Previous studies of this  kind have dealt  p r ima r i l y  with sensor s t r i n g s
emplaced along roads , t r a i l s , or o ther  i n f i l t r a t i o n  routes .  Here , we
are apply ing  seismic sensors to an area i n t r u s i o n  problem. In such a
s i t u a t i o n , we would have sensor f i e l d s  emp laced over a wide geograph ica l
area t h a t  an enemy fo rce  would u t i l i z e  should he elect to maneuver his
forces  cross coun t ry  and not along the ex is t ing  road network.  Such a
s i t u a t i o n  could be expected in a m i d — i n t e n s i t y  c o n f l i c t  in W e s t e r n  Europe .
This type of sensor f i e l d  would be used to detect  and identif y d i f f e r e n t

• t a c t i c a l  maneuvers  such as r econnai ssance probes , feints , or major attacks ,
and is r e f e r r ed  to as a Gated Array .

For our experiment , we have taped ac tua l  sensor a c t i v a t i o n s  f rom a
Gated A r r a y  du r ing  a f i e ld  exerc ise  at Fort Bragg , Nor th  Carol ina.  The
tapes inc lude  s ignatures  of individual  and groups of tanks , APC ’s , t rucks ,
jeeps , and personnel col lected under s imulated b a t t l e f i e l d  condi t ions
comp le te  wi th  noise such as a r t i l l e r y  f i r e , he l i cop te r s , and wind. These
tapes wil l  be played back to a c t i v a t e  the four  disp lay devices. You
wi l l  i n t e r p r e t  the  d i sp lays  and e x t r a c t  i n f o r m a t i o n  using our procedures

- - and forms .  Since we know where and when target  ac t iva t ions  ac tua l ly
occurred , we can score your r epor t s  f o r  accuracy  and thereby de te rmine
which display device operators  can best use in this  par t icu la r  s i tuat ion.

~~~~~~ 
_ _ _
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Each of you w i l l  work on the  exper iment  f o r  about 2 days .  Dur ing
- t ha t  t ime , you wi l l  be given t r a i n i n g  on the new disp lay equ ipment

and a practical exercise to familiarize you with the test situation.
Then , you wil l  work w i t h  each type of disp lay fo r  two hou r s  each wi th
app rop r i a t e  breaks , lunch , e tc .  If you cannot be here dur ing  the
time presently scheduled , tell us now so we can reschedule you.  You
must be here for all scheduled times or we cannot use your re”ults.
He re is your schedule for  the e x p e r i m e n t .

Now about the displays .  The f i r s t , the RO—376 Event Recorder ,
you have t ra ined  on and have worked w i t h  in the f i e ld .  This wi l l  be
the s tandard  disp lay s ince it is the present operational device.
Your repor t s  using th is  device wi l l  be compared to your resu l t s  wi th
the o the r  devices. Tra in ing  Oit the RO — 376 w i l l  be minimal  s ince th is
device should be f a m i l i a r  to you.

The second display is a s i t u a t i o n  map d i sp lay  wi th  b l i nk ing
ligh t s .  This disp lay consists  of a map w i th  ligh ts  i n d i c a t i n g  the
location of the sensors.  Each sensor ac t i va t i on  causes the correspond—
ing ligh t  to bl ink fo r  f i ve  seconds. Thus , you can see th’.s p rogress ion
of the enemy on the  map by which l ight  is b l i n k i n g .

The th i rd  device is also a s i t u a t i o n a l  map disp lay. This  d i sp lay
d i f f e r s  f rom the fo rmer  onl y in the activation of the lamps and is
r e f e r r ed  to as the exponen t i a l  lamp d i sp lay .  When a sensor is
activated , the first activation will energize the lamp an-I cause i t
to g low f a i n t l y .  If no more a c t i v a t i o n s  occur , the diml y g lowing lamp
will grad uall y e x t i n g u i s h .  However , w i t h  successive activations of
the sensor , the lamp wi l l  begin to glow more br i gh t l y  u n t i l  i t
reaches a maximum and w i l l  remain  a t  the maximum as long as activations
occur. When no more a c t i v a t i o n s  occur , the lamp wi l l  gr adua l l y  grow
dim and f i n a l l y  e x t i n g u i s h .

The f o u r t h  disp lay is iden t i ca l  to the s i t u a t i o n  map d i sp l ay
with  exponent ia l  lamps above except t ha t  you have a review or p layback
capab i l i t y .  W i t h  the s i t u a t i o n  map d i sp l ay ,  you have no permanent
record or way of check ing on your dec isions like yo u do with the
R O—376.  However , if , in the f i e l d , there was a tape recorder  to
record the ac t i va t i ons, then you could play them back if you wished
to see the a c t i v a t i o n s  a second t ime . In a d d i t i o n , if you p lay the
recording back at 10 t imes norma l speed , you would , in a sense ,
comp ress t ime and be able to review more quickly .  This , then , is
your f o u r t h  disp lay——a s i t ua t i on  map disp lay which allows you to p lay
back what  has happened in the past , at 10 t imes  normal speed. As an
add i t i ona l  condi t ion  of th is  disp lay , every ha l f  hour you w i l l  have a
required review of what has occurred dur ing  the previous half  hour
but in 10 timec normal speed. This forced review is another  approach
we are t r y in g  out .

~~~ 0I~~
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You r task , then , with this fou r th disp lay will be to in te rpre t  the
blinking l ights , which represent ac t iva t ions  in the field , on the map
d isplay exac tly like the third display. However , if you wish to review
what you thought to be a target pa t t e rn  ac t iva t ion , you would so indicate.
We will stop the clock and rep lay in 10 t imes normal speed the last few
minutes of activations. For the purposes of this experiment , we would
pre tend no time elapsed dur ing this p layback. When the review is over ,
you would once again view the display in normal time. Then after one—
half hour (of clock time ) is over , you would have mandatory review of

• the entire period. Are there any questions to this point?

What you will be seeing will be targets recorded during the maneuvers
at Fort Bragg. For our purposes , a target will be an individual person
or veh icle or a group of personnel or vehicles traveling together. Vehicle
group size will range from two to a maximum of nine. Personnel groups
may range from 5 to 100 individuals. Let me emphasize that ojects travel-
ing in groups are to be reported as one target. Thus, a column of nine
trucks will be reported as one target.

In all cases , you will be working with two separate sensor fields.
On the map they are located — — — (point out on map). (Figure D—1.)
Each field contains 24 sensors (20 of which are active) , implaced in
a gated pattern. Field 1 sensors are numbered 1 throug h 24 on the map
displays and appear on the corresponding channels on the RO—376. Field
2 sensors are numbered 35 through 58 on both map and X—T displays.

(Pass out sample target logs.) This is the Target Log you will be
using to report your detections. There are two forms , one for each field.
Field I will always appear to the left on the map and X—T disp lay s , and
targets detected there will always be reported on the green (Field I)
logs. Targets thtected in Field 2 (always on the right side) will be
reported on the blue forms.

At the top of each target log is a place for you to fill in your
subject number , the disp lay you are using , and the scenario (or tape)
you are working on. The test monitor will give you this information
prior to each session. Make certain it appears on each log sheet.

• Each scenario m.sv contain more than 20 or 30 targets , so you will be
using a number of log sheets in each session.

On the upper part of the log is an implant sketch of the sensors
In each field. Note again that Field 1 contains sensors I — 24 and
Field 2 sensors 35 — 58. You are to use this matrix to make notes of
sensor activations. Let me stress that we want you to make \- )EIr notes
on the Implant sketch rather than on the map disp lay overlay or X—T
plot. We also want you to trace the path of each target by noting
sensor activations at various points in the field. We will cover
that procedure In detail when we get to the practice t Ape. Below the
ske tch is a d istance scale to be used in measur ing distances on the
sketch.

The bottom of the log contains the space for the a tual r~~- .rding
of target information.

— 29 —
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1. Target Number — Here you wi l l  number the targets you detect in
each field. Those t a rge t s  you de t ec t  in Field 1 wil l  be recorded on the
green logs and will be numbered 1 thro ugh whatever the total number of
targets you detect in Field 1 t u rns  out to be. Targets detected in
Field 2 will be recorded on the blue logs and numbered 1 throug h

2. First Activated Sensor — In this column you will write the number
at the first sensor in the field activated by the target. (Show Example)

3. Time of First Activated Sensor — In this column you will enter
the time when you establish that a valid activation has occurred.

a. For the X—T display , this will be the time of the third pen
activation.

• b. For the map display with blinking lights , this will be the
time of the third lamp activation.

c. For the map d isp lay with exponential lamps , this will be when
the lamp reached full intensity.

d. For the map display with review capability , if you are operat-
ing in compressed time , this will be when the lamp reached full
intensity. In this case you will not be able to use clock time.
If you wish to record time during this period , say loudl y to the
opera tor “TIM E”. He will tell you the tape recorder counter
numbers which you will write in the time column of the log.
We will later convert these numbers to real time and make the
speed calculation in this condition. You may also tell the
operator to stop if you wish to fill in the answer sheet.

4. Last Activated Sensor — Record in this column the number of the
last sensor in the field activated by the target.

5. Time of Last Activated Sensor — This time will be recorded using
• the same ground rules as the time of first activation.

6. Estimated Distance — You will measure this distance (in meters)
from the path of the target you have traced on the sketch.

7. Speed — You wilJ calculate speed using the time difference
(in minutes) between the first activated sensor and the last activated
sensor and the distance (in meters). For this , round time to the neares t
minute , round d istance to the neares t 100 me ters , and use the calcula tion
table provided (F igure D—2).

8. Target Confidence — Answer the question , “How conf ident are you
that this is a valid target.” Use these guidelines :

Extremely Confident — 90 — 100%
• Conf ident  — 70 — 80%

Unce r t a in  — 40 — 60%
Doubt f ul — 0 — 30%

— 31 —
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- RESPONSE REQUIREMENTS

OUTLINE

A. Gene ral

B. Review of Steps

A. GENERA L

To determine target course direction through the sensor f ield , and
• distance traveled , it will be necessary for you to use your judgment.

Since we are interested in considering targets which traverse the entire
a rray (f iel d) ,  the notations of “valid” sensor activations , when connected
by a line , should portray the generalized route of the target through the
area.

Since it cannot be determined from the available sensor data how far
each target passed from a given sensor , it will not be possible to deter-
mine the prec ise path followed. However , a fa irl y accurate route can be
developed by using a “curve—fitting ” techn ique . This involves smoothing
out sharp angles resulting from connecting these sensors.

The start and end points of the route (recorded for time and distance
determination ) can be selected by noting the points at which the approx-
imate route crossed the first sensor row, and the corresponding point
when the route passes through the last row of sensors. These can be
called points “A” and “B” respectively.

The length of the route can be obtained by using a paper edge to
record st ra ight line route segments in sequence between points A and B,

• then determining total length in meters by using the bar scale on the

ç 
- target log form.

Time data is developed f r o m  the activation times noted for the sensors
nea res t  points  “A” and “B ” . In v i r t u a l l y  every case , th i s  w i l l  be the

- • f irst and last sensor activated by a given target.

B. REVIEW OF STEPS

1. Comp lete notations on the target log of val~ d sensor activations ,
along with appropriate times.

2. Connect in sequence all activated sensors with a light line .

3. Smooth out this line to obtain an approx irn ite route.

4. Mark points A and B where this route enters and leaves the sensor •

field.



RESPONSE REQUIREMENTS (Continued)

B. R E V I E W  OF STEPS (Cont ’d)

5. Determine route length in meters between points A and B by using
a paper edge and the bar scale on the target log. Record this length

I on the log in the appropriate location.

6. Develop total elapsed times from the sensors nearest points A and
B. Record this time on the log.

• 7. Using the speed table and the data just determined , record the
apparent target speed in meters per minute on the target log. Note that
times are needed only to the nearest minute , while route length is needed
only to the nearest 100 M.

/
• I
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