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ABSTRACT 

The purpose of the experiment was to evaluate pre-defined 

display formatting from the standpoint of response accuracy 

and reaction time for use with a tactical information display 

for the U.S. Navy.  Subjects were required to retain a single 

consonant probe in short term memory while searching one of 

six pre-formatted displays for a target label.  Upon detect- 

ing the target a keyboard entry was made reflecting the data 

associated with that target label.  The subject was then 

presented with a two or four letter set from which he was to 

indicate the presence or absence of the memory probe.  Reac- 

tion time increased and response accuracy decreased to a 

highly correlated and statistically significant level as the 

number of elements in the display screen increased.  The 

secondary memory probe task was not found to have a statis- 

tically significant effect on the search reaction time 

among the 24 subjects who participated in the experiment. 
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I.  INTRODUCTION 

A.  GENERAL 

The interblend of system designer and engineer with 

human engineering has gained considerable momentum during 

the past two decades (McCormick, 1976).  The relatively 

recent awareness of the necessity to match human capacities 

and limitations with engineering feats is obvious through 

a statement such as, "The products generated by the engineer- 

ing process affect human welfare in many ways.  People may 

benefit directly from the product. They may be the users, 

operators, or maintainers of the product.  The human engineer 

plays a particularly important role in product and system 

design because he influences the selection among design 

alternatives as they relate to people."  (Kidd and VanCott, 

1972) 

Thus, to do the task of human factors engineering requires 

that the role of potential system users be represented in 

regard to comfort, safety, operation and maintainability.  In 

addition, the human factors engineer must evaluate the opera- 

tor as an integral system component and become intimately 

aware of his contribution to the total system.  In effect, 

human factors engineering, "can be considered as the process 

of designing for human use."  (McCormick, 1976) 

Particularly in a world of ever increasing technological 

demands, man is busily producing or improving machine 
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functions to extend his own capabilities. Machines are 

presently performing functions which were heretofore only 

imagined.  Paradoxically, however, the limitation of any 

machine is dependent upon the interface of the operator with 

his equipment.  It is, therefore, little wonder that careful 

consideration of the man-machine relationship has become 

imperative. 

While investigating the homogenization of man and tech- 

nology it is necessary to understand the total behavior of 

the operator utilizing the equipment (VanCott and Chapanis, 

1972).  For example, if the retention and recall of a series 

of letters or characters is required in a task then surely 

some insight by the human factors analyst into memory and 

temporal decay would be needed.  Likewise, a knowledge of 

eye movement and visual search is required when performing 

research concerning visual displays.  In addition, the human 

factors specialist must as well analyze the environment under 

which the operator is subjected. 'Considerations might entail 

such factors as speed of equipment operation, simultaneous 

tasks performed by the worker and the extraneous demands in 

the human behavior and equipment arena. 

In any system design or change it is not only"necessary 

that the human factors specialist consider human welfare, but 

must as well have an assurance that the system under investi- 

gation is functionally effective. To gain this assurance 

requires an understanding of the mission or objective of the 

system, knowledge of the overall function of the system and 

12 



the link between the system under scrutiny and component 

systems or subsystems (McCormick, 1976).  In traditional 

systems where the role of man has been previously defined, 

indepth mission and function analysis may be less emphasized 

to get to the specific evaluation of the operator's perfor- 

mance of the equipment redesign (Kidd and VanCott, 1972). 

Therefore, in all cases requiring investigation into a 

man-machine relationship the first step is a statement of 

the problem as it relates to human factors considerations. 

B.  PROBLEM 

This thesis addresses but a small segment of man's inter- 

face with a complex system: Naval Tactical Data System 

(NTDS). As a command and control system, NTDS has been a 

part of the tremendous growth in Navy technology.  It has 

been expressed that, "Probably tne most striking development 

in naval technology since 1945 has been the progressive dis- 

placement of weapons by sensors and command/control devices." 

(Friedman, 1977) 

In brief, NTDS is a computer controlled system which 

collects, processes, displays and reports tactical data to 

shipboard decision makers.  In effect, multiple ships and 

aircraft can be linked together through radio systems into 

a single operational unit. Through this real-time data, 

command personnel can assess the tactical situation quickly 

and accurately and can employ and reinforce the sensors and 

weapons of the forces. 

13 
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NTDS information is displayed automatically on a number 

of various operator consoles in a ship's Combat Information 

Center (CIC).  The consoles vary in type and style but, for 

the most part, consist of a planned position indicator radar 

scope (PPI) and auxiliary information displays.  (See Figure 1) 

Console operators are required to review and scan present 

information, update tactical data, perform control device 

entries and communicate with other NTDS operators, super- 

visors and ships or aircraft.  The total system, consoles 

and auxiliary information displays were designed to extend 

man's capability in military operations and are constantly 

undergoing design changes and consideration to improve the 

ability to meet new demands.  In any design change, though, 

the man-machine interface should be optimized. To do this 

requires evaluating alternative improvement recommendations 

by means of controlled experiments to extract measurements 

of relative value. 

The essence of this thesis is to study, through a con- 

trolled experiment and from a human factors engineering 

standpoint, a proposed NTDS auxiliary cathode ray display 

readout (ACRO).  The experiment entails a simulated opera- 

tional evolution involving operator's search, accuracy and 

short term memory tasks. 

C.  TIME SHARING AND OPERATIONAL SIMULATION 

In real world situations it is a rare set of circum- 

stances when an operator in a man-machine system can isolate 

his attention apart from other on-going tasks (Norman, 1969) . 

14 
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Cathode-Ray   Tube  Readout 
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The operator must set priorities and shift demands in a 

dynamically changing operational environment.  This phenom- 

enon of time sharing of mental information processing has 

been defined as "the requirement (of a human operator) to 

divide his attention between two or more sources of infor- 

mation,"  (Gabriel and Burrows, 1968) 

The oscillation of attention from one set of circum- 

stances to another has long been an area of interest to 

researchers.  It has been said, for example, that Julius 

Caesar could simultaneously dictate four letters while 

drafting a fifth (James, 1890).  Research involving divided 

attention has been primarily utilized to study the amount of 

resource an operator must use in his performance and to 

simulate an operational environment.  In effect, through 

research involving a time sharing task, a form of speed and 

load stress can be induced:  load refers to the variety 

of stimuli to which the operator must attend, speed deals 

with the time available per stimulus (McCormick, 1976). 

In sum, through a technique such as time sharing it is 

possible to extend the research model from those conditions 

expected in the ideal laboratory arena to include the 

additional variables associated with the operational system 

(Rolfe, 1969).  It is with this criterion that the inter- 

mingling of search and short term memory tasks were utilized 

for the present experiment. 

16 

  



D.  VISUAL SEARCH AND DETECTION 

The eye is more suitable than any other sense organ for 

receiving most types of information needed by an operator 

(Baker and Grether, 1963).  Differences in brightness, size, 

distance, color, location and movement of objects in a scene 

can be detected by the eye in equipment operation, but 

even these remarkable qualities are frequently not enough 

in a man-machine relationship.  Measurements of extreme 

accuracy, speed of movement, historical comparison and 

resource quantity may be visual factors which the eye alone 

cannot provide to the operator.  As a result, a display is 

provided which integrates the capabilities of the eye with 

the operation of the man-machine system (Grether and Baker, 

1972). 

How the information viewed on a display is translated to 

the operator is a complex task.  In brief, the human eye 

moves in a series of discrete jumps or saccades from one 

portion of the scene to be viewed to another portion.  These 

jumps may occur four or five times per second and move with- 

out further correction.  That is, once the eye movement has 

begun it continues to its computed end point without correc- 

tion adjustments.  These jumps are then much like jumping 

from a chair:  when put into motion the jumper continues 

in motion until reaching the floor regardless of corrective 

action taken while mid-air.  The eye, in the search, is 

seeking meaningful information from the scene viewed and 

takes in information only during the fixation pause between 

17 
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saccades. During the fixation the eyes code still pictures 

from the scene viewed and place these pictures in memory in 

the brain (Lindsay and Norman, 1972). The amount of infor- 

mation transmitted by the eye to the brain far exceeds that 

which is perceived, however (Welford, 1970). 

The eye may wish to identify an object, such as an auto- 

mobile or alpha-numeric character, and may not consider 

range, orientation or location; only those features which 

are important in identifying the object sought are critical. 

On the other hand, in locating an object in a scene the 

important considerations are position and orientation 

(Lindsay and Norman, 1972).  Likewise, search time in locat- 

ing a specific target in a field of view is partially 

related to the number of items visible in the field.  Numer- 

ous studies have been conducted which indicate that search 

time is approximately proportional to the number of objects 

present in the display (Green, McGill, and Jenkins, 1953; 

Boynton, Elworth and Palmer, 1958; McGill, 1960, Baker, 

Mcrris and Steedman, 1960; Williams and Borow, 1962).  It 

has been found however, that another factor contributing 

to search time is the number of objects similar to the 

target and not merely the number of objects in the scene 

(Williams, 1966). 

In general, then, search time depends on the number and 

similarities of target and background.  As a result, in a 

cluttered field, the number of missed targets tends to 

increase proportionally with an increase in clutter.  If the 

18 
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missing of targets is critical then one consideration for 

human engineering might be to filter our irrelevant targets 

(Baker and Grether, 1963). 

E.  MEMORY 

According to Lindsay and Norman (1972) there are three 

distinct types of memory:  a sensory information storage, 

short term memory and long term memory. 

Sensory information storage is the system which main- 

tains a short, accurate and complete picture of the world 

as it is received by the sensory system.  An example is to 

close the eyes and then quickly glance at a scene and close 

the eyes again.  The scene continues to be "seen" for a 

short while and then slowly dies away. 

Short term memory retains not the complete image, but 

an immediate interpretation of events.  For example, the 

words of a spoken sentence are recalled, not the sounds 

which make up the sentence.  Anyone who has tried to repeat 

a sentence of a completely foreign language can attest to 

this condition.  The capacity of short term memory is limited 

and the duration short.  A telephone number read or heard 

can be retained in short term memory, but soon lost unless 

repeated over and over. 

Long term memory is the most complex and deals with 

events long past.  For example, to respond to the question, 

"Where were you last Saturday night?" requires reaching into 

long term memory. 

19 
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In human engineering it is critical that information 

presented to an operator' via displays enhances his enlighten- 

ment of the equipment operation through his use of sensory 

information storage, short term memory and long term memory. 

The use of flashing versus continuous warning lights, audi- 

tory versus visual warnings and written check lists versus 

memorized procedures are indications of but a few considera- 

tions in the use of the cognitive process during equipment 

operation. 

Memory fades over time without a repetitive rehearsal 

of the information to be retained (Norman, 1969).  Thus, 

the overtaxing of an operator in a continually changing 

operational environment may cause him to be unable to per- 

form his tasks at a level demanded by the system designer 

or equipment engineer. 

F.  INTRODUCTION OVERVIEW 

The present study represents an attempt to take into 

consideration the effects of visual search and detection, 

short lerm memory load and stress in simulating an operational 

environment for evaluation of a proposed auxiliary tactical 

data display for the U.S. Navy.  The methodology of the 

experiment was designed to gather subject reaction time and 

correct responses under various degrees of display complexity 

and to investigate the effect on reaction time due to memory 

load demands.  The primary purpose was to determine, from a 

fixed set of formatted displays, the amount of information 

20 
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I 
an operator can assimilate and to submit recommendations 

as to an optimal display format. 
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II.  METHOD 

A. SUBJECTS 

Subjects for the experiment were 24 U.S. Navy enlisted 

men temporarily assigned to the transient quarters at 

Naval Training Center, San Diego, California.  They were 

randomly selected for the experiment without regard to 

training, age or background except all were naive with respect 

to NTDS console operation.  Each subject was tested for 

visual acuity through the use of a standard eye chart at a 

distance of twenty feet and was likewise queried as to his 

ability to sharply distinguish the characters on the cathode 

ray displays used during the research.  In addition, each 

subject was questioned concerning his length of military 

service and military rate and rating.  All performed the 

tasks voluntarily and were requested to not ilscuss the con- 

duct of the experiment among other participants. 

B. APPARATUS 

Subjects were seated on a non-swivel desk chair in a 

noise reduced room in front of the experiment displays, a 

TEKTRONIX 4066-1 and VTO-5, at a distance which they deter- 

mined to be most comfortable; generally 16 inches.  The 

typewriter keyboard of the TEKTRONIX cathode ray display was 

approximately twenty-six inches above the floor for ease of 

inputs required during the experiment.  Also, the display 
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screen of the TEKTRONIX was approximately twenty five degrees 

below the horizontal sight line for ease of reading.  Directly 

above this lower display was placed a VTO-5 cathode ray unit; 

the screen of which was approximately five degrees above the 

horizontal line of sight.  The two oscilliscope displays were 

positioned in this fashion, the VTO-5 resting on the TEKTRONIX 

4006-1, in order to simulate the porposed NTDS auxiliary dis- 

play (ACRO) on the radar scope console (Figure 2).  All sub- 

ject responses were entered through the TEKTRONIX keyboard to 

a digital lab PDP-12 computer manufactured by Digital Equip- 

ment Corporation.  The computer was programmed to provide the 

display variation and sequencing of the two displays and was like- 

wise utilized for timing subject responses and the gathering 

of other pertinent data relevant to the experiment. 

C.  TASK 

Each trial during the experiment was initiated by a 

ready signal, "READY?" appearing in the center of the lower 

scope for 500 msec.  This signal was then followed by a two 

or four letter non-repetitive consonant set which remained 

illuminated on the screen for two seconds.  The set was 

made up of the following characters: 

B,C,D,F,G,H,J,K,L,M,N,P,Q,R,S,T,W,X,Z. 

Afte:" two seconds lapsed, one of the six formatted displays 

shown here as appendix A through F appeared in the upper 

screen and, simultaneously, a probe signal was presented 

23 
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VTO-5   Display 
(ACRO  simulation) 

'Eye   Level 

TEKTRONIX   4006-1   Display 
(PPI   Console   simulation) 

Figure   2:     Oscilliscope  Display   Simulation 

24 

ii —ii i i a    I, i ii HIiiAIM THI in   i 



on the lower screen.  This probe signal was a duplication 

of one of the labels appearing in the upper screen, but 

without the three digit sequence assigned to the label. The 

operator's task was to search the upper screen for the label 

which matched the probe signal and to respond, on the key- 

board, by entering the three number value associated with 

that label.  If he correctly entered the three digit value 

within eight seconds he was automatically sequenced to the 

next portion of the trial.  If, however, the eight seconds 

lapsed without correct entry or if he incorrectly entered 

the label data he did not progress to the next portion of 

the trial.  Instead, he received an incorrect for the trial 

and a new trial was initiated beginning with the ready 

signal.  Following a correct label data entry, though, and 

at fifteen seconds following the ready signal, a single 

letter would appear on the lower scope.  The subject then had 

five seconds to respond indicating whether or not the probe 

letter was a member of the memory set shown at the beginning 

of the trial.  Each trial consumed a total of twenty seconds. 

Figure 3 is included as an aid for understanding the task 

sequencing. 

1.  Appendix A is in error in that all display letters were of 

the same size:  a 5 by 7 dot matrix with each character approx- 

imately .08" wide and .12" high.  Also, the numerical value for 

each label was made up of three digits and not four as shown in 

Appendix A. 
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D.  DESIGN 

The experiment was designed to compare six display for- 

mats for search time and accuracy.  The six formats were 

chosen from a set of nineteen provided by Fleet Combat Direc- 

tion Systems Activity (FCDSS) San Diego.  Two of the formats 

represented formatting styles suggested by FCDSSA San Diego, 

two by FCDSSA Dam Neck, Virginia and two representing the 

current Direct Readout Display of NTDS consoles insofar as 

amount of information displayed is concerned.  Each format 

was comprised of NTDS acronym labels, for example, BRNG, GMT, 

THRT, etc; the number of labels ranging from a low of six on 

ACRO #1 to a high of forty on ACRO #6.  During each trial 

the three digit value associated with each label was made up 

of randomly assigned numbers with no leading zeros and with 

each label during each trial having a new set of values. The 

relative position of a label to the format display was the 

same throughout each of the six displays. 

In conjunction with the search and accuracy task the 

memory task was utilized to simulate ongoing requirements 

that an operator would encounter during NTDS employment. 

That is, the memory task was used as a tool to indirectly 

examine disruptive effects on the format display task in an 

operational environment. 

Specifically, each subject was given twenty-six practice 

trials prior to undergoing the experiment.  During these 

trials he observed the procedure, performed practice trials 

and was free to ask questions.  Subjects were told to keep 
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their hands near the keyboard, to type in their inputs to 

the search task in a manner which they found to be most com- 

fortable and to strike the "1" key (left hand) for a "no" 

input concerning the memory probe and the "0" key (right 

hand) for a "yes" response. At the conclusion of the prac- 

tice trials a brief rest was taken during which time the 

subject could ask questions and prepare for the research 

trials. 

Every subject then underwent 120 continuous trials. 

Each of the six formats appeared in random order during each 

block of six trials. The result was that each format was 

displayed 20 times during a session.  The probe for the 

search task was likewise randomly determined from the labels 

appearing in the display.  Throughout the 120 trials each 

subject received an equal number of two or four letter 

stimuli for the memory task.  Subjects were individually 

tested either during a morning session or in the afternoon; 

during normal working hours in all cases. The total time 

for each session, including visual acuity test, practice 

runs and actual experiment was approximately one hour. 
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III. RESULTS 

A.  SEARCH TASK RESPONSES 

During that portion of the experiment involving the search 

of the formatted displays and label data inputs the subjects 

averaged 99.33 correct responses out of a possible 120. The 

scores ranged from a low of 61 to a high of 113.  Likewise, 

the response time, for which a maximum of eight seconds was 

allotted, averaged 4.976 seconds and ranged from individual 

average of 4.284 to a high of 5.570. 

-   -The-relatib~nship between the number of labels in each 

display (ranging from six in ACRO 1 to forty in ACRO 6) and 

the total number of correct responses, across all subjects, 

is shown in Figure 4. The estimated flH6Sr-"refa1I onsTiip~of ' 

correct responses to ACRO size is expressed by 

Y = -3.97CX) + 484.72 with the calculated correlation between 

the two variables being -.97. As the number of labels in the 

displays increased the total number of correct responses de- 

creased. 

On the other hand, the relationship between reaction time 

in locating and correctly inputting the label data to the 

number of labels in each display is positively correlated__at 

.95.  In this case, the estimated linear equation represent- 

ing Figure 5 is Y s .034(X) + 4.29.  As the number of display 

labels increased the reaction time increased. 
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B.  ANALYSIS OF INCORRECT RESPONSES 

Next, subject error in responding to the visual display 

search task was of two types:  (a) error of commission which 

resulted in the subject's incorrectly inputting the label 

data entry within the allotted eight seconds (e.g., task is 

to find "BRG" which requires the associated data entry of 123 

and subject incorrectly inputs 124) and (b) lapse errors 

which were caused by subject's failure to locate the appro- 

priate label and/or input a three digit set within eight 

seconds.  As indicated by Figure 6, the percent of lapse 

errors increased with an increase in display complexity while 

percent of errors of commission remained fairly constant with- 

out regard to ACRO size. 

The correlation of lapse error to ACRO size was positive 

at  .97 and is represented by Y • ,72(X) - 3.21.  This trend 

is in keeping with the finding that increased reaction times 

are closely associated with increased display size and like- 

wise reemphasizes the necessity to filter out irrelevant tar- 

gets in those situations where the missing of targets is 

important. 

The relative stability of errors of commission is expressed 

by a calculated positive correlation coefficient of .62 and 

the estimated linear relationship of Y * .10(X) + 2.33.  This 

trend could be associated with influential factors other than 

display size.  For example, an inappropriately designed key- 

board for data entry, stress while undergoing the experiment 

or incorrect perception of the data label may have been 
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contributing factors to the commission errors observed. 

These topics are, however, beyond the scope of this study. 

C.  TESTS OF STATISTICAL SIGNIFICANCE 

An analysis of variance (Edwards, 1968) was performed to 

test the null hypothesis that mean reaction time did not 

differ significantly with regard to the number of labels in 

each ACRO display.  Table I, a two way analysis of variance 

(ANOVA), rejects the null hypothesis and indicates there is 

a significant difference, (P<.001) in mean reaction time 

with regard to the number of labels through which the sub- 

ject must search. 

Two Way Analysis of Variance Table 

Source Degrees 
Freedom 

Sum of 
Squares 

Mean 
Square F ratio 

ACRO 5 28.7544 5.7509 64.7983* 

Subjects 23 24.3169 1.0573 11.9127* 

Error 115 10.2063 .0888 

Total 

*P<.001 

143 63.2776 

Table I 

Duncan's Multiple range test (Edwards, 1968), Table II, 

was used to determine which of the ACRO mean reaction times 

differed.  The underscored means do not differ significantly 

at a probability less than .001.  That is, for example, 

ACRO 1 and ACRO 3 do not differ; ACRO 2, ACRO 5, ACRO 4, 
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ACRO 6 do not differ significantly.  These results are also 

in keeping with findings that the larger display size results 

in greater inaccuracy and delayed response time. 

Duncan's Multiple Range Test 

ACRO number (number of labels) 

ACRO  ACRO  ACRO  ACRO  ACRO  ACRO ...» • 
1(6)  3(10)  2(19)  5(24)  4(33)  6(40)  lest R 

Mean 4. 360 4.550  5.120 5.261 5.391 5.478 

4.360 .190   .760 .901 1.031 1.118 
R2 
.4752 

4.550 .570 .711 .841 .928 
R3 
.4899 

5.120 .141 .271 .358 
R4 
.5000 

5.261 .130 .217 
R5 
.5078 

5.391 .087 
R6 
.5140 

* 

* .* 

*            * 

II 

* 

Table 

Finally, a three way ANOVA (Edwards, 1968) was conducted, 

Table III, to determine the significance of the memory task 

on mean reaction time for the display search requirement. 

The null hypothesis that no significant difference exists 

on visual search mean reaction time due to the memory task 

load could not be rejected at .001 probability level. 
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Three Way Analysis of Variance Table 

Source     Degrees   Sum of    Mean 
Freedom   Squares   Square   F ratio 

Memory 1 .8477 .8477 4.8098 

ACRO 5 57.5898 11.5180 65.3556* 

Subjects 23 48.1211 2.0922 11.8717* 

Error 258 45.4688 .1762 

Total        287    152.0273 

*P<.001 

Table III 

D.  RESULTS OVERVIEW 

Therefore, factors which affect correct responses to the 

visual display search task are the number of similar labels 

through which the operator must search.  In addition, reac- 

tion time for correct responses is delayed as the complexity 

of the display increases. 

It must be emphasized that the data points for each 

ANOVA were based solely on correct responses which could 

differ for each subject. This possible inhomogeneity of 

variance is not considered crucial in these findings, however, 

due to the extremely large ratios computed for the signifi- 

cance test.  That is, including correct responses per ACRO 

per subject reduces the sum of squares for error and has the 

overall affect of increasing the ratio for the significance 
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tests.  This increase merely strengthens rejection of the 

null hypothesis. 
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IV.  DISCUSSION 

It is not unexpected that reaction time increased and 

response accuracy decreased as a function of display com- 

plexity. These findings are supported by Egeth, Atkinson, 

Gilmore and Marcus (1973).  In general, as an operator must 

scan a display for vital information he can more readily 

and correctly identify his target in an uncluttered field of 

view.  Particularly in this present study where each label 

was, for the most part, similar in length and orientation, 

the subject had to sight each label and locate his target. 

Thus, simply stated, the time required in reading a lengthy 

list of similar items is greater than that of reading a 

condensed list. Also, in reading a lengthy list the likeli- 

hood for error is increased either by failure to locate the 

target or hurriedly and mistakenly identifying a false target 

Likewise, the failure of the memory task to be statis- 

tically significant (at a probability level less than .001) 

on the formatted display mean reaction times is supported by 

Wattenbarger and Pachella (1972).  Their findings concluded 

that a memory load of less than 6 items had no effect on the 

primary task.  In the present study the consonant set of 2 

or 4 letter memory stimuli did not interfere significantly 

with correct visual search reaction time. 

Finally, though visual search time and accuracy of re- 

sponses tested statistically significant, this study can make 
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no assessment as to the practicality of this difference. 

That is, the mean reaction times for display formats differed 

by approximately 1.1 seconds.  The practical importance of 

this reaction time difference, in comparison to possible 

computer software limitations in a NTDS operational evolu- 

tion, is a question for consideration in implementing the 

ACRO formatted display system. 
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V.  RECOMMENDATIONS 

In general, the key to designing an appropriate format 

from those examined in this study is to incorporate the 

dimensions of reaction time versus correct responses. 

Obviously the display with the least amount of detail pro- 

vides greatest accuracy and substantially diminished reaction 

time latencies.  However, in an operational system the time 

requirement in a correct interpretation of display informa- 

tion may not be as critical as in this study. As well, the 

problems involved in numerous simple formats versus complex 

arrangments might complicate NTDS computer programming beyond 

acceptable limits.  The compromise necessary to optimize all 

variables must be dealt with in order to provide the NTDS 

system with the additional tool possible through the ACRO 

display. Other avenues are available for consideration in 

future experimentation. 

An area of interest in a continuing study would be an 

experiment in which the subject pages or sequences from a 

general, all inclusive, display to a series of less complex 

formats.  For example, the operator is requested to provide 

weapon information from the general format relative to a 

specific target, (e.g., a strike aircraft). He then requests 

the less complex strike aircraft format and from this dis- 

play further requests an additional display specific to 

weapon information.  From the present study it has been shown 
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that the least complex displays provide the greatest accuracy. 

Utilizing the above recommendation it may be that the trade 

off between the possibility of increased reaction time could 

be off set by an increased response accuracy. 

Also, utilizing the basic scenario of the present study, 

it would be of interest to analyze reaction times and 

accuracy of responses when the format target label flashes 

at an appropriate rate.  It is highly suspected that the two 

variables of reaction time and accuracy would change radically. 

The incorporation of experienced versus inexperienced 

operators could as well provide insight into recommended 

display formats.  In this regard, the secondary task should 

be complicated to include a larger memory set or eliminated 

completely.  Experienced NTDS operators, because of selection 

and training, could possibly assimilate more information and 

demonstrate greater oscillation of attention with no degrada- 

tion in performance.  The present study opens many avenues 

for continued investigation. 
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