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ABSTRACT 

A survey was conducted t o  determine the opinions of sonar operators concerning 
the prevalence and judged impact of 19 s t ressors  on various aspects of task 
performance: v i g i l a n c e ,  v i sua l  information process ing ,  aud i to ry  information 
processing, reasoni ng/deci sion making, perceptual-motor processes, general motivation 
t o  perform well, and overall performance effectiveness. The average rank ordering of 
the s t ressors  by 212 Royal Navy operators w i t h  respect t o  adverse impact on overall 
e f f e c t i v e n e s s  was a s  fo l lows  (worst l i s t e d  f i r s t ) .  boredom, f a t i g u e ,  poor 
displaylcontrols,  command pressure, operator overload, poor work s ta t ion ,  night 
watchstanding, hea t ,  no ise ,  l i g h t i n g  problems, minor  i l l n e s s ,  co ld ,  motion, 
vibration, motion sickness, a i r  contamination, risky peacetime operations, a i r  
pressure, wartime danger. There were d i f fe ren t ia l  responses among various subgroups 
of the operators. Some of the more important d e t a i l s  are discussed i n  this paper. 

INTRODUCTION 

A survey o f  212 Royal Navy sonar operators 
was conducted for the purpose and employing the 
methods described by Smith, Mackie, and Wylie 
(1985). Some o f  the major r e su l t s  a re  presented 
below. 

RESULTS 

The survey r e su l t s  were analyzed using a 
variety of s t a t i s t i c a l  methods appropriate t o  
the types o f  data generated by ranking and 
rating procedures. (The de ta i l s  of the data 
analyses a re  g i v e n  i n  Wylie, Mackie, and S m i t h  
(1985). The ranking r e su l t s  generally showed 
tha t  the sonar operators agreed very strongly 
tha t  various s t ressors  have d i f fe ren t  impacts on 
d i f f e r e n t  a s p e c t s  of performance. Often,  
however, the s t ressors  were viewed d i f fe ren t ly  
depending on the opera tor ' s  platform, type of 
sonar, and experience. The operators also rated 
the frequency o f  occurrence and the severity of 
the various stressors very d i f fe ren t ly  depending 
on these  f a c t o r s .  Table 1 summarizes t h e  
ranking of the adverse impact of the s t ressors  
on overall operator effectiveness by submarine, 
surface s h i p ,  and helicopter sonar operators. 

Space does not permit detailed discussion 
of the r e su l t s  fo r  a l l  19 s t ressors  ( see  Wylie, 
Mackie, and Smith (1985) fo r  a f u l l  r epor t ) ,  so 
the f ive  s t ressors  ident i f ied  a s  par t icu lar ly  
important by Mackie, Wylie, and Smith (1985) 
w i l l  be discussed. 

Boredom, Monotony 

Boredom a s s o c i a t e d  w i t h  monotonous 
ope ra t ing  cond i t ions  was t h e  s t r e s s o r  most 
frequently ranked f i r s t  i n  adverse impact on 
overall operator effectiveness.  Nearly half of 

Table I R A N K I N G  OF THE ADVERSE IMPACT OF 19 STRESSORS 
O N  OVERALL SONAR OPERATOR EFFECTIVENESS (WORST LISTED FIRST) 

SUBMARLNE S U R F A C E  S H l P  1lELlCOPTEP 
OPERATORS OPERATORS O P E R A l O R S  

I Boredom. monotony I Boredom, monotony I Fatigue. tlrcdncl. 
2 Fatigue, tiredness 2 Fatigue. tiredness 2 Boredom, monotony 
3 Command P ~ C S S U T C  3 DisplayslControls 3 D ~ s ~ l a y s I C o n i r o l s  
4 D~splays/Controls 4 Night watchstanding 4 Opcrator overload 
5 Operator overload 5 Command Prcssurc 5 Command prcssurc 
6 Work  s t a t m  dcsign 6 Opcrator ovcrload 6 Work rtat#on dcsrgn 
7 H u t  7 Work Stallon dcsign 7 Vibration 
8 Illness 8 Noise 8 Noise 
9 Noise 9 Illness 9 Cold 
10 Amr c o n t a m x n a t m  10 Motmn sickness I 0  Lighting 
II Lighting 11 Lighting I 1  Heat 
12 Night watchstanding I2 Heal 12 Phtrorm m o t m  
13 Cold I 3  Platform motion 13 lllncss 
14 Air prcssurc 14 Cold 14 Motion sickness 
15 Plat lorm motion I 5  Air pressure I 5  Njght watchstanding 
16 Motion sickncrs 16 Vibrstlon 16 Risky pcacctime 01)s 
17 Vibration 17 R i s k y  peacettme ops 17 Air Contsmination 
I 8  Risky p e a c e t ~ m c  OPE 18 Air contarninaim 18 Threat Of  cnemy action 
19 Threat of enemy action 19 Thrcat ol  enemy action 19 Air prcssurc 

the sonar opeCators ranked this  s t r e s s  fac tor  
f i r s t  ( i . e .  worst") or second i n  impact on 
overall effectiveness.  The  rankings by a l l  
operators of the e f f ec t s  of boredom and monotony 
on each of the seven aspects of sonar operation 
a r e  summarized i n  Figure 1. There a r e  
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Median 
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Figure 1. Rankings Of BOREDOM 
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Figure 3. Sever i ty  o f  BOREDOM & FATIGUE 

s t a t i s t i c a l l y  s ign i f icant  differences ( p  < .001) 
among these rankings. I t  i s  evident t ha t  the 
operators judged vigilance and motivation to  be 
most adversely affected by boredom and monotony; 
the median rank i s  2 on each o f  those scales.  
I t  i s  interesting tha t  although the median ranks 
were re la t ive ly  lower on the other four Elements 
of sonar operation, the ranking on overall 
effectiveness" was nonetheless very h i g h  (median 
rank 2 ) .  T h i s  can be interpreted to  mean t h a t  
vigilance and motivation received proportionally 
g r e a t e r  weights i n  the sonar  o p e r a t o r s '  
evaluation o f  "overall effectiveness." 

The d i s t r ibu t ion  of t h e  responses of a l l  
operators among each frequency-of-occurrence 
catesory fo r  boredom i s  shown i n  Figure 2 .  
There i s  a strong mode, or peak, i n  the 121-270 
days pe r  yea r  ca tegory .  Note a l s o  t h e  
next-most- frequent response category was 27 1-365 
days per year. Boredom/monotony was judged  by 
the operators t o  occur very frequently indeed. 
and i n  f a c t  t o  occur more frequently than any 
o t h e r  l:tressor except  "poor work s t a t i o n  
design. 

The s e v e r i t y  r a t i n g s  of a l l  o p e r a t o r s  
regarding the impact of boredom on effectiveness 
a re  summarized i n  Figure 3. In this figure,  the 
modal ( i  .e. ,  most frequent) response category 
(e.g.. " ra re ly  or never," "some of the time," 
e t c . )  i s  shown f o r  each of t h e  f i v e  
sub-questions of the severity section of the 
questionnaire ( i  .f., "improves," "no impact," 
" s l igh t ly  reduces, e t c . )  I t  can be seen tha t  
the operators '  judgements of the negative impact 
$f boredom were suf f ic ien t ly  strong tha t  the 

improves" and "no jmpact" c a t e g o r i e s  most 
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Figure 4 .  Rankings o f  FATIGUE 
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Figure 5 .  Frequency o f  FATIGUE 

frequently received "rarely or  never" responses. 
whereas the "s l igh t ly  reduces," "reduces," and 
"greatly reduces" categories most frequently 
rece ived  responses a t  t h e  oppos i t e  extreme: 
"nearly always." 

Fatigue, Tiredness 

Nearly equal numbers of operators, together 
comprising nearly 60% of the to ta l  group, placed 
fatigue i n  the top three ranks w i t h  respect t o  
impact on overall performance. Fatigue was not 
placed i n  rank 1 as frequently a s  boredom, b u t  
i t  was ranked very h i g h  indeed by the majority 
of operators, and considerably higher than the 
other 17 s t ressors .  

The rankings  by a l l  ope ra to r s  of t h e  
e f f ec t s  of fatigue on each of the 7 aspects of 
sonar operation a re  summarized i n  Figure 4 .  
There a re  s t a t i s t i c a l l y  s ign i f icant  differences 
( p  < .001) among these rankings. I t  can be seen 
t h a t  the impact of fa t igue  was judged grea tes t  
on  v i g i l a n c e  and on o v e r a l l  e f f e c t i v e n e s s .  
However, i t  i s  i n t e r e s t i n g  t h a t  t h e  judged 
impact was hardly l e s s  severe for  the other 
elements of sonar operation (visual information 
processing, auditory information processing, 
e t c . ) .  T h i s  i s  i n  cont ras t  t o  the rankings f o r  
boredom (Figure 11, and suggests t ha t  i n  breadth 
of impact, fatigue was judged t o  be more severe. 
There was s t r o n g  agreement among o p e r a t o r s  
regarding the impact of fa t igue ,  and there were 
no s t a t i s t i c a l l y  s ign i f icant  differences among 
operators grouped by platform type, Fa1 klands 
experience, r a t e ,  or sonar type .  

The d i s t r i b u t i o n  of responses  of a l l  

458 

 at PENNSYLVANIA STATE UNIV on September 16, 2016pro.sagepub.comDownloaded from 

http://pro.sagepub.com/


PROCEEDINGS of the HUMAN FACTORS SOCIETY-29th ANNUAL MEETING-1985 

~ 17 
, 18 

y 9 t 1  I I I , , , I  
Visual Auditory ReaSOningl Perceptual Overall 

V8gliance Information Informailon Dec$s,an Motor Motivation Eftecl!ve 
Processing Processing Making Processes ness 

Figure 6. Rankings of COMMAND PRESSURE 

opera tors  t o  t h e  frequency- of - oc c u r r e n ce 
ques t ion  i s  shown i n  Figure 5 .  The most 
frequent response was 121-270 days  experienced 
per year. Clearly. fatigue was judged to occur 
very frequently. Again ,  a l l  operators were i n  
s u b s t a n t i a l  agreement; t h e r e  were n o  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  among 
ope ra to r s  grouped by p la t form,  Fa1 klands 
experience, r a t e ,  or sonar, 

The s e v e r i t y  r a t i n g  responses of a1 1 
operators regarding the impact of fatigue on 
effectiveness are summarized i n  Figure 3. T h i s  
pattern of modal response i s  identical  t o  t h a t  
f o r  boredom, and i s  considerably d i f fe ren t  from 
the other 17  s t ressors ,  which were judged t o  be 
l e s s  s eve re .  Again, t h e r e  was s u b s t a n t i a l  
agreement among the operators : there were no 
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  among 
operators grouped by platform type, Falklands 
experience, r a t e ,  or sonar type. 

Command Pressure 

Command pressure was defined for  the sonar 
operators by th i s  statement: "COMMAND PRESSURE 
t o  g e t  t a r g e t  information quick ly  
( c l a s s i f i c a t i o n ,  manoeuvres, e t c . )  . ' I  The 
ranking by a l l  operators of the e f fec ts  of 
command pressure on each of the 7 aspects of 
sonar operation are summarized i n  Figure 6 
Di f fe rences  i n  rankings  were s t a t i s t i c a l l y  
s ign i f icant  ( p  < .001). I t  i s  evident tha t  the 
impact of command pressure was judged t o  be 
g r e a t e s t  on the  reasoning/dec is ion  making 
f u n c t i o n ,  a r e s u l t  i d e n t i c a l  t o  t h e  s t r e s s  
a s soc ia t ed  w i t h  ope ra to r  overload t o  be 
discussed next. I t  was c lear  from discussions 
w i t h  the sonar operators t ha t  command pressure 
i s  brought t o  bear under p r e c i s e l y  those  
circumstances i n  which ope ra to r s  f e e l  
overloaded: d u r i n g  t imes of t a r g e t  c o n t a c t ,  
par t icu lar ly  mu1 t i p l e  contacts. The median rank 
fo r  the impact of both overload and command 
pressure on reasoning/decision making was rank 
3 .  Comparison of Figure 6 t o  Figure 9 reveals 
the s imi la r i ty  of the two ranking patterns.  
There were s t a t i s t i c a l  ly s ign i f icant  differences 
( p  < .001) i n  the rankings of command pressure 
by  submarine, s u r f a c e  s h i p ,  and h e l i c o p t e r  
operators. This i s  reflected i n  the rankings 

40 501 
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F igure  7. Frequency Of COMMAND PRESSURE 

shown i n  Table 1. 

The pe rcen t  of responses i n  each 
frequency-of-occurrence ca tegory  by  a l l  
operators i s  shown i n  Figure 7 .  The most 
frequently used response category was 31-120 
days experienced per yea r .  There were 
s t a t i s t i c a l l y  s ign i f icant  differences ( p  < .001) 
by platform i n  response t o  t h i s  question also. 
The most  f r e q u e n t  response f o r  h e l i c o p t e r  
o p e r a t o r s  was 11-30 days ,  whereas t h e  most 
frequent response for  surface s h i p  a n d  submarine 
o p e r a t o r s  was 31-120 days.  The response 
d is t r ibu t ions  indicated tha t  command pressure 
apparently i s  f e l t  most frequently by submarine 
sonar operators. 

I Nearly always 

t Most of lhe time 

O m "  

u- 
NO Slightly Greatly 

Reduces improves Reduces Reduces 

Figure  8. S e v e r i t y  of COMMAND PRESSURE/OVERLOAD 

The modal severity ratings by a l l  operators 
of the impact of command pressure i s  shown i n  
F igure  8 .  I t  p re sen t s  a p a t t e r n  t h a t  i s  
repeated for  many of the s t r e s s  factors:  the 
e f f ec t s  a re  judged "some of the time" t o  have a 
de t r imen ta l  impact a t  each of t h e  thre ;  
in tens i t ies :  " s l  i g htl y reduces effect1 veness , 
"reduces effectiveness," and "greately reduces 
e f f e c t i  vene s s . I' s t a  t i  s t i  ca 1 1 y 
s i g n i f i c a n t  d i f f e r e n c e s  ( p  < .001) i n  t he  
severity ratings by submarine, surface ship, and 
h e l i c o p t e r  o p e r a t o r s .  Submarine o p e r a t o r s  
judged command pressure  t o  be most s eve re ,  
s u r f a c e  sh ip  o p e r a t o r s  were in t e rmed ia t e  i n  
t h e i r  judgements, and h e l i c o p t e r  ope ra to r s  
judged i t  to be l e a s t  severe. Helicopter crews, 
of course, a re  typically insulated from higher 
leve ls  of command by several miles of a i r  space, 
a fac tor  tha t  was commented upon frequently by 
operators during group discussions. 

There we r e  
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Operator Overload 

I t  may seem incongruous t h a t  overload 
should follow so closely i n  the rankings behind 
boredom a n d  monotony, b u t  i t s  h i g h  standing i n  
the rankings stems from the nature of the sonar 
operator 's  job. Boredom i s  associated w i t h  the 
grea tes t  proportion of the time, d u r i n g  which no 
ta rge ts  of i n t e re s t  are held; overload, w i t h  
t h a t  small b u t  very important fraction of the 
time when con tac t  i s  held on t a r g e t s  of 
significance. 

The r a n k i n g  by a l l  operators of the e f f ec t s  
of operator overload on each of the  7 aspects of 
sonar operation a re  summarized i n  Figure 9 .  
There a re  s t a t i s t i c a l l y  s ign i f icant  differences 
( p  < .001) among these rank ings .  

Median Rank 

:t 

ink 13 

I I I 2  
v~suai Auditorv Reasoninal PerceDtual OW,; 

Vigilance Information Information DeczSion Motor Motivation Elfective. 
Processing Processing Making Processes ness 

F igure  9. Rankings of  OVERLOAD 

Percent of 
Operators 
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Figure 10. Frequency o f  OVERLOAD 

T h e  d i s t r i b u t i o n  of responses by a l l  
operators among each frequency-of-occurrence 
category fo r  overload i s  shown i n  Figure 10. 
There i s  a strong mode f n  t.he 31-120 days 
experienced per  year  ca tegory .  The modal 
severity r a t i n g s  of overload by a l l  operators 
a re  identical  t o  those of command pressure, a n d  
a re  summarized i n  Figure 8 .  

Danger From Enemy Action During War 

This s t r e s s  fac tor  was defined for  the 
sonar operators by the statement: "DANGER FROM 
E N E M Y  ACTION DURING WAR may produce a 
psychological s t r e s s  t h a t  a f f e c t s  sonar  
operations . ' I  Because we expected a substantial  
number of operators w i t h  Falklands experience to  

be included i n  the survey, we f e l t  a unique 
opportunity was available t o  obtain first-hand 
reports of the e f fec ts  of t h i s  s t ressor  on 
performance. 

"Danger from enemy action" was by a wide 
margin the s t ressor  fur thes t  down on the ranking 
scale,  w i t h  the most frequent response being 
rank number 19. The ranking instructions given 
t o  the operators indicated tha t  this end of the 
scale was intended ,,for s t ressors  whose i t pac t  
was minimal, o r  perhaps even he lpfu l  t o  
performance. Numerous wri t ten comments and 
comments made during group discussions indicated 
the operators judged tha t  the threa t  of enemy 
action m i g h t  improve operator performance i n  
many respects. (Those operators who had not 
seen action i n  the Falklands were asked t o  r a t e  

= 100 
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F igure  11. 
( rank  15) by Falklands experience for  t h e  s t ress  f a c t o r  THREAT OF 
ENEMY ACTION 

Perceo i  o f  responses i n  o r  above t h e  average median rank 
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F igure  12. Frequency of WAR STRESS 

this  factor w i t h  respect t o  t h e  impact they 
thought i t  would have), 

There was a s t a t i s t i c a l l y  s i g n i f i c a n t  
difference ( p  < .005) between the  rankings of 
operators w i t h  Fa1 klands experience and those 
wi thout .  F igure  11 shows t h e  pe rcen t  of 
responses i n  or above the average median rank 
(rank 15)  by Falklands experience. I t  may be 
seen tha t  those w i t h  Falklands experience ranked 
wartime s t r e s s  uniformly higher than those who 
d i d  not have such experience (possibly meaning 
t h a t  those w i t h  actual wartime experience found 
i t  less  helpful t h a n  imagined by those without 
t h a t  experience). The differences i n  ranking 
among the 7 d i f fe ren t  aspects of sonar operation 
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Figure 13. Sever i ty  o f  WAR STRESS 

were s t a t i s t i c a l l y  s ign i f icant  ( p  < .005), and 
i t  can be seen tha t  both the groups w i t h  and 
w i t h o u t  Falklands experience ranked the impact 
of wartime s t r e s s  grea tes t  ( i . e . ,  l e a s t  helpful 
( ? ) I  on reasoning and decision making. 

The pe rcen t  of responses  i n  each 
frequency-of-occurrence ca tegory  by  a l l  
operators i s  shown i n  Figure 12 .  Many operators 
commented d u r i n g  group discussions tha t  i t  was 
d i f f i c u l t  fo r  them t o  estimate how frequently 
they would experience psychological s t r e s s  due 
to a s t a t e  of war. A t h i r d  of the operators 
w i t h  Fa lk lands  exper ience  responded i n  t h e  
31-120 days category, an interval which includes 
the duration of the Falklands h o s t i l i t i e s .  

The modal severity ratings by a l l  operators 
of the impact of danger from enemy action d u r i n g  
war on ope ra to r  e f f e c t i v e n e s s  a r e  shown i n  
Figure 13. In dramatic contrast  t o  the severity 
rati,ngs fo r  a l l  other s t ressors ,  the operators'  
responses indicated an expectation fo r  improved 
performance. In f a c t ,  t h e  most f r equen t  
response was tha t  the e f f ec t s  of war would 
"nearly always improve" operator effectiveness. 

CONCLUSIONS 

Boredom, f a t i g u e ,  command p res su re ,  
operator overload, poor displays and controls,  
and poor work station and personal equipment 
design were judged by sonar operators of the 
Royal Navy to  be the most s ign i f icant  s t ressors  
i n  sonar operation. The grea tes t  "knowledge 
gaps"  were found regarding those very s t ressors  
whose impact i s  judged  t o  be worst f o r  sonar 
opera t ion :  boredom, f a t i g u e ,  overload and 
command p res su re  (Mackie, Wylie, and S m i t h ,  
1985). As a matter of p r i o r i t i e s  we recommend 
t h a t  f u t u r e  r e sea rch  address  development of 
e f f e c t i v e  countermeasures t o  t h e  e f f e c t s  of 
boredom and f a t i g u e ,  a l though overload and 
command pressure issues should by no means be  
neglected. 

There i s  a p o t e n t i a l l y  e f f e c t i v e  
countermeasure,  o f t e n  suggested (Wilkinson, 
1964; Wylie and Mackie, 1974; N M R D C ,  1975; 
Wagenaar and Sanders, 1978; Wilde and Stinson, 

1983) b u t  inadequately tested . (par t icu lar ly  for  
narrowband s o n a r ) ,  t h a t  holds promise o f  
reducing the adverse e f f ec t s  of the several 
fac tors  outlined above. I t  i s  fundamentally 
aimed a t  increasing probability of detection and 
cor rec t  c lass i f ica t ion  through use of signal 
injection techniques combined w i t h  systematic 
operator performance evaluation and feedback. 
We a r e  p re sen t ly  conducting a program of 
l abora to ry  r e sea rch  t o  i n v e s t i g a t e  t h e  
effectiveness and potential l imitations of t h i s  
approach t o  countering the negative e f f e c t s  of 
boredom, monotony, and fatigue. The program 
will  t r y  t o  es tab l i sh  opt imum parameters (e.g. ,  
injected signal ra tes  and  cha rac t e r i s t i c s ) ,  t r y  
t o  determine t h e  p r a c t i c a l  performance 
impl i ca t ions  of t h e  method, a n d  address  
potential  user acceptance issues and ef fec t ive  
responses t o  them,. 
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