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6.. PSYCHOLOGICAL STATE AND OVERVIEW MAINTENANCE 

AA third factor that was outlined in chapter 2 to influence ability to maintain overview is the 
situationn dependent state of the operator. Motivation and tiredness were mentioned as relevant 
exampless of psychological states. Since motivation might increase ability and willingness to 
putt effort in task performance, this dissertation hypothesises that motivation to perform all 
taskss well (i.e. monitor all tasks in time) increases ability to maintain overview. The opposite 
effectt is hypothesised to occur with tiredness: due to decreased willingness to put effort in 
taskk performance (cf. Drew, 1940), tiredness is hypothesised to increase the risk of attention 
narrowingg and overview loss. 

Thee present chapter examines the effects of these two psychological states in three 
experiments.. The first experiment (Experiment VIII ) examines the effects of motivation and 
efforteffort investment on ability to maintain overview. The last two experiments (Experiment IX 
andd X) investigate whether tiredness increases the risk of overview loss. 

6.1.. EXPERIMENT VIII : MOTIVATIO N AND EFFORT INVESTMENT 

Sincee motivation is generally believed to enhance performance, motivation to perform an 
ensemblee of tasks well (i.e. monitor all relevant information sources in time) may increase 
abilityy to maintain overview. Previous motivation studies however, have particularly 
examinedd the effect of motivation to perform one task well. Bahrick, Fitss and Rankin (1952) 
forr instance, found that motivation to perform well on a central task resulted in preoccupation 
withh this task and decreased sensitivity for changes in the environment of the operator. One of 
thee aims of the present study was to examine whether overview maintenance was enhanced 
whenn operators were more generally motivated to perform all tasks well and monitor all 
informationn sources in time. 

Sincee people have the tendency to avoid losses (e.g. Tversky & Kahneman, 1981), 
punishmentss may be the best incentives to enforce particular behaviour. There are, however, 
moree studies that point in the direction of rewards as the best enforcer of task performance 
(e.g.. in Baron, 1988; Schmidt, 1998). The second aim of the present experiment was to 
investigatee whether costs or rewards related to performance of a distracting secondary task 
increasedd preoccupation with this task, and thus resulted in failure to attend a primary 
informationn source in time. 

Sincee people prefer to invest least possible effort (e.g. Johnston & Heinz, 1978), the 
requiredd level of effort investment may also affect motivation to perform tasks well. 
Particularlyy during activities that require intense processing, for instance when information is 
hardd to understand or difficult to manage, operators do not tend to switch from one activity to 
another.. They have to interrupt the current reasoning process, switch to another task, and pick 
upp the reasoning process again when returning to the interrupted task (e.g. Garavan, 1998). A 
thirdd objective of the present experiment was to investigate whether increased effort costs to 
alternatee attention between information sources would increase the tendency to lose overview. 

6.1.1.. The experiment 

Thee present experiment used the Master Mines test in which operators had to monitor an 
alwayss available primary information source, and also had to solve problems, which were 
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6.. Psychological state and overview maintenance 

basedd on the game of Master Mind . The problem-solving task was not simultaneously visible 
withh the primary information source and had the potential to distract operators from 
monitoringg the primary task in time. To manipulate effort investment in attention alternation 
betweenn the task windows, the problem-solving task had two switching-cost conditions. In 
onee condition, preliminary switching from the problem-solving window to the primary radar 
windoww resulted in a loss if operators had not finished their current trial first. In the other 
condition,, operators could alternate freely between both task windows. Operators were in one 
off  these conditions. The expectation was that the absence of external switching costs would 
resultt in fewer failures to attend the primary information source in time due to more free 
switchingg behaviour, which would be less dependent of the dynamics of the information 
sourcee in the focus of attention. 

Motivationn to perform well was manipulated by means of incentives on all tasks of the 
test:: poor monitoring of the primary information source always resulted in a relatively large 
punishmentt in order to represent the serious consequences that would be the result of failing 
too attend such an important information source in time in a realistic man-machine setting. 
Secondaryy problem solving performance was motivated in two conditions: in the 'punishment 
condition',condition', operators were punished if they did not succeed in problem solving within the 
indicatedd time. In the 'reward condition', success in problem solving within the indicated 
timee resulted in a reward. Operators were in one of these conditions. The expectation was that 
rewardss would motivate operators somewhat better to be involved in a task than would 
punishments.. Therefore, the expectation was that rewards would increase preoccupation with 
thee problem-solving task somewhat more than would punishments. 

Furthermore,, the overall effect of incentives on overview maintenance was compared to 
a)) the results of a previous experiment without incentives, and b) with the results of a 
subsequentt experiment performed with intrinsically motivated operators. The expectation was 
thatt incentives for good performance of the task ensemble and intrinsic motivation to perform 
alll  tasks well would result in better ability to maintain overview than when operators were not 
motivatedd in a particular way. 

6.1.2.. Method 

6.1.2.1.6.1.2.1. Participants 

Thee participants in the present experiment were 36 undergraduate psychology students of the 
Universityy of Amsterdam (5 male, 31 female), aged between 18 and 40. Besides test-earnings, 
theyy received course credits for participation. Eight participants did not know the game of 
Masterr Mind, the other 28 participants had played the game before. 

6.1.2.2.6.1.2.2. Test: Master Mines with incentives 

Inn this experiment, the computerised Master Mines test was used (Experiment II, Chapter 3). 
Switchingg from the (primary) radar window to the (secondary) Master Mind window was 
alwaysalways possible. However, in the condition with switching-costs, preliminary switching from 
thee Master Mind window to the radar window without first finishing the current trial (the 
currentt range of slots) resulted in the loss of the unfinished trial. Previous trials always 
remainedd available until the colour pattern was discovered. 
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Dependingg on the incentive condition, participants received a fixed amount of money at 
thee beginning of the test (Table 19), which was visible in the corner of the information source 
windows.. In the primary information source, each exploded mine resulted in a loss of 2 euro. 
Operatorss could prevent mines from exploding by clicking the mine. The time until the 
participantt discovered the explosion was transformed in an additional loss (one second 
correspondedd with a loss of one eurocent). Since participants could steer their ship, running 
downn a buoy resulted in a loss of 20 eurocents. Additionally, each second the ship of the 
participantt sailed outside the buoyage was punished with a loss of one eurocent. 

Duringg the one-hour test, the secondary Master Mind problem-solving task was presented 
inn 3 periods of 18.5 minutes. In each period, Master Mind had a different difficulty level 
(patternn length consisting of the number of pegs), which could either be 'easy' (3 pegs), 
'moderatelyy difficult' (4 pegs), or 'difficult' (7 pegs). Master Mind performance was 
motivatedd in either of two ways. In the 'reward condition', participants received a small 
amountt of money when they succeeded in pattern discovery within the indicated time. In the 
'punishmentt condition', participants lost some money if they failed to discover the pattern 
withinn the indicated time (Table 19). The incentives were taken from or added to the money 
thee participants had received prior to test administration. The mean solution-time for each 
patternn was based on the mean solution duration of problems with similar difficulty level in 
previouss Master Mines experiments. The solution time was shown when participants started 
problemm solving for the first time in each problem-solving period. In order to withdraw each 
possiblee time cue from the secondary task, participants were only informed about wins or 
lossess after they had discovered the right pattern. 

TableTable 19: Incentives used in the primary and secondary task of Master Mines. In the reward 
condition,condition, pattern discovery within time resulted in the indicated win. In the punishment 
condition,condition, failure to discover the pattern in time resulted in the indicated loss. The expected 
numbernumber of solutions, solution-times, and utilities per problem-solving difficulty level are 
basedbased on means of previous experiments. 

MasterMaster Mines 

PrimaryPrimary  task 

Startt  amount 
Expectedd losses 

Secondaryy task (per 
difficult yy level) 

Easyy (3) 
Moderatee (4) 
Difficul tt  (7) 

Total l 

Expectedd earning 

Solutionn time 
perr  pattern 

.888 min. 
2.500 min. 
18.000 min. 

3**  18.5 min. 

Gain n 
Winn Loss 

-- € 2.00 

€0.022 -€0.01 
€0.066 -€0.03 
€0.433 -€0.21 

Expected d 
numberr  of 

actions s 

22 explosions 

222 solutions 
88 solutions 
11 solution 

Utilit y y 
Rewardd Punishment 

conditionn condition 

€€ 6.00 € 8.00 
.. € 4.00 - € 4.00 

€€ 0.44 - € 0.22 
€€ 0.48 - € 0.24 
€0.433 -€0.21 
€1.355 -€0.65 

€€ 3.35 € 3.35 
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6.. Psychological state and overview maintenance 

6.1.2.3.6.1.2.3. Design 

Halff  of the participants could switch between the problem-solving window and the primary 
radarr window without any consequence. The other half lost the unfinished trial when they 
switchedd preliminary from the problem-solving window to the primary radar window. Within 
thesee conditions, half of the participants were in the 'punishment' condition, the other half 
wass in the 'reward' condition. The order of problem-solving difficulty was counterbalanced 
overr participants and test conditions. 

6.1.2.4.6.1.2.4. Apparatus 

Thee test was administrated on a PC. All actions were performed with the mouse. 

6.1.2.5.6.1.2.5. Procedure 

Afterr reading the test instruction, participants practised the test until they understood the 
details.. After the test finished, participants received their earnings with a minimum of €1, -. 

6.1.2.6.6.1.2.6. Dependent measures 

Thee measure of primary radar task performance was the number of mines the participant failed 
toto prevent from exploding. Additionally, information was also available of the number of 
timess participants had sailed outside the buoyage or had run down a buoy. Secondary task 
performancee was measured as the number of problems solved. 

Sincee preoccupation with the problem-solving task would result in failure to attend the 
radarr window in time, the number of exploded mines in relation to problem solving conditions 
wass a primary measure for attention narrowing and overview loss. More detailed information 
off  preoccupation behaviour was available from the frequency of task window alternation, the 
durationduration of uninterrupted problem solving, and the percentage of time one of the task 
windowswindows was selected during the test. 

6.1.3.. Results 

6.1.3.1.6.1.3.1. Primary task performance: mine-hunting 

Inn the present experiment, thirty-two participants (88%) caused at least one mine explosion. 
Onee participant, who had caused 12 explosions, was the only person who had crossed the 
buoyagee and had ran six times down a buoy. This participant, however, did not differ from the 
otherr participants on characteristics such as age or extreme low a-priori motivation, and was 
thereforee not excluded from analysis. 

6.1.3.2.6.1.3.2. Secondary task performance: Master Mind problem solving 

Inn the present experiment, operators managed to solve at least 7 and at most 66 colour patterns 
duringg the easy problem-solving condition. During the moderately difficult problem-solving 
condition,, they solved at least 7 and at most 48 problems. During the most difficult problem-
solvingg condition, 20 participants (56%) did not manage to solve a problem in the available 
time.. Of the other participants, 12 (33%) solved one problem, three participants (8%) solved 2 
problemss and one participant (3%) solved 3 difficult problems. 
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Problemm solving performance over the three difficulty levels was analysed by repeated-
measuress ANOVA. In general, participants solved fewer difficult problems than easy 
problemss (Fu,35> = 315.000, p < .001; Table 20a/b). 

Thee relevant manipulations of this experiment (switching-costs and motivation) were 
analysedd by a repeated-measures ANOVA with problem-solving difficulty as within-subjects 
factorr and switching-cost or motivation condition as between-subjects factor. Participants who 
lostt a trial when they switched preliminary from the problem-solving window to the primary 
radarr window did not solve more problems than their colleagues who could alternate freely 
betweenn task windows (F(i, 34) < 1; Table 20a). There was also no interaction between 
problem-solvingg difficulty and switching-cost condition (F(i, 34) < 1). 

TableTable 20a: Mean number of problems solved and SD during the three different problem-
solvingsolving difficulty levels for participants who could alternate between task windows without 
externalexternal switching costs (n = 18), and participants who lost a trial when they alternated 
preliminarypreliminary from the problem-solving window to the radar window (n = 18). 

MasterMaster Mines 

Switching-costt condition 

Noo external costs 
Withh external costs 

Total l 

Problemm solving difficulty level 

Easyy Moderate Difficul t 
(33 pegs) (4 pegs) (7 pegs) 

28.7828.78 (9.89) 10.17 (5.79) .89 (.90) 
26.3926.39 (8.91) 9.28 (4.38) .28 (.46) 
27.5827.58 (9.36) 9.72 (5.08) .58 (.77) 

Total l 

39.8339.83 (14.59) 
35.9435.94 (11.77) 
37.8937.89 (13.22) 

Participantss who were rewarded for success in problem solving did not solve more 
problemss than participants who were punished for failure to solve problems in time (F(i, 34) < 1; 
Tablee 20b). There was also no interaction between the number of problems solved during more 
difficultt conditions and reward or punishment for problem solving performance (F(i, 34) < 1). 

TableTable 20b: Mean number of problems solved and SD during the three different problem-
solvingsolving difficulty levels for participants who were rewarded for success in problem solving 
(n(n = 18), and participants who were punished for failure to solve problems in time (n = 18). 

MasterMaster Mines 

Motivationn condition 

Reward d 
Punishment t 

Total l 

Problemm solving difficulty level 

Easyy Moderate Difficul t 
(33 pegs) (4 pegs) (7 pegs) 

27.2827.28 (10.86) 10.11 (6.08) .67 (.91) 
27.8927.89 (7.87) 9.33 (3.99) .50 (.62) 
27.5827.58 (9.36) 9.72 (5.08) .58 (.77) 

Total l 

37.7237.72 (9.88) 
38.0638.06 (16.18) 
37.8937.89 (13.22) 

6.1.3.3.6.1.3.3. Attention switching costs and attention narrowing 

AA number of task performance measures were compared between participants who could 
alternatee their attention freely between the information windows, and participants who lost a 
problem-solvingg trial when they switched preliminary from the problem-solving window to 
thee primary radar window. Task performance measures were: a) the number of explosions, b) 
thee duration of uninterrupted problem solving, c) the window alternation frequency, and d) the 

75 5 



6.. Psychological state and overview maintenance 

percentagee of time one of the task windows was selected. They were analysed by repeated-

measuress ANOVA with problem-solving difficulty as within-subjects factor and switching-

costt condition as between-subjects factor. 

Participantss in the condition with preliminary switching costs caused more explosions than 

participantss in the condition without external switching costs (F(i,34) = 4.311, p< .05; Figure 7a). 

Thee increase in number of explosions over more difficult problems was not larger in the 

conditionn with switching-costs compared to the condition without switching-costs (F(i, 34) < 1). 

Snitchingg costs 
freefree switching erase unfinished trial 

Easy y 

Moderate e 

Difficul t t 

Switchingg costs 
freefree switching erase unfinished trial 

FigureFigure 7a: Mean number of explosions and SD 
(n(n = 36) during three levels of problem-
solvingsolving difficulty with and without 
preliminarypreliminary task-switching costs. 

FigureFigure 7b: Mean inspection duration of the 
problem-solvingproblem-solving task and SD (n = 36) 
duringduring three levels of problem-solving 
difficultydifficulty in the conditions with and without 
preliminarypreliminary switching costs. 

Participantss in the condition without preliminary switching costs inspected the problem-
solvingg window for a shorter time period than participants in the condition with preliminary 
switchingg costs (F(i , 34) = 4.637, p < .05; Figure 7b). No evidence was found that the increase 
inn inspection duration over more difficult problems was less in the condition without 
preliminaryy task-switching costs (F,i,34) = 1.528, p > .10). 

Thee attention alternation frequency was higher for participants who could alternate freely 
betweenn information windows than for participants who lost a trial if they switched to the 
primaryy radar window before finishing a problem-solving trial first (F(i . 34) = 5.483, p < .05; 
Figuree 7c). There was also a tendency of participants in the condition with preliminary 
switchingg costs to alternate less frequently during more difficult problems in comparison to 
participantss in the condition without preliminary switching costs (Fn, 34) = 4.058, p < .075). 

Participantss who could freely alternate between information windows, showed a tendency 
too spend more time with the problem-solving task than participants who lost a trial if they 
switchedd preliminary from the problem-solving window to the radar window (F(|, 34) = 3.624, 
pp < . 075; Figure 7d). There was no interaction between switching-cost condition and 
problem-solvingg difficulty (F(i i34) = 1.388, p > .10). 
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Easy y 

Moderate e 

Difficult t 

Switchingg costs 
freefree switching erase unfinished trial 

freefree switching erase unfinished trial 

Switchingg costs 

FigureFigure 7c: Window alternation frequency and 
SDSD (n = 36) during three levels of problem-
solvingsolving difficulty with and without 
preliminarypreliminary task-switching costs. 

ZZ55oXoX 83% 82% 79%79%79% 100% % 

FigureFigure 7d: Percentage of time participants 
attendedattended the problem-solving window and 
SDSD (n = 36) during three levels of problem-
solvingsolving difficulty in the conditions with and 
withoutwithout preliminary switching costs 

6.1.3.4.6.1.3.4. Secondary-task incentives and attention narrowing 

Withinn the present experiment with incentives, the effects of reward and punishment on a) the 
numberr of explosions, b) uninterrupted problem solving duration, c) window alternation 
frequency,, and d) percentage of time that one of the task windows was selected were analysed. 
Analysiss was performed by repeated-measures ANOVA with problem-solving task-difficulty 
ass within-subjects factor and motivation condition as between-subjects factor. 

Noo difference was observed in explosion rates between the participants who were 
rewardedd or punished for problem-solving performance (F(i, 34) = 2.425, p > .10; Figure 8a). 
Thee increase in explosion rate with more difficul t problems was similar for participants who 
weree rewarded for success in problem solving and participants who were punished for failure 
too solve problems in time (F(i,34) = 3.157, p > .075). 

Incentive e 
punishmentt reward 

Incentiw w 
punishmentt reward 

FigureFigure 8a: Number of mine explosions and SD 
(n(n = 36) in the reward and punishment 
conditioncondition during different levels of problem-
solvingsolving difficulty. 

FigureFigure 8b: Inspection duration of the problem-
solvingsolving task and SD (n =36) in the reward 
andand punishment condition during different 
levelslevels of problem-solving difficulty. 
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6.. Psychological state and overview maintenance 

Theree was no difference in inspection duration of the problem-solving window between 

thee punishment and reward condition (F( l i 34) < 1; Figure 8b), and no interaction was observed 

betweenn motivation condition and problem-solving difficulty (F(] i 34) < 1). 

Ass with the explosion rate and duration of continuous problem solving, there was also no 

differencee in task window alternation frequency between participants in the reward and 

punishmentt condition (Fn, 34) < 1; Figure 8c). No interaction was observed between 

motivationn condition and problem-solving difficulty (F(i )34) = 1.375, p > .10). 

Switchingg costs 
freefree switching erase unfinished trial 

freefree switching erase unfinished trial 

Switchingg costs 

FigureFigure 8c: Task alternations per minute and 
SDSD (n = 36) in the reward and punishment 
conditioncondition during different levels of problem-
solvingsolving difficulty. 

85% % 100% % 

FigureFigure 8d: Percentage of time participants 
attendedattended the problem solving window and 
SDSD (n = 36) in the reward and punishment 
conditioncondition during different levels of problem-
solvingsolving difficulty. 

Participantss who were rewarded for success in problem solving did not spent more time 

withh the problem solving task than their colleagues who were punished for failure to solve 
problemss in time (F( 1,, 34) 1;; Figure 8d). There was also no interaction between problem-
solvingg difficulty and motivation condition (F(,, 34) = 1.200, p > . 10). 

6.1.3.5.6.1.3.5. Overall motivation and attention narrowing 

Thee effects of different kinds of motivation were analysed by comparing test performance in 
thee present incentives experiment with a previous experiment without motivation 
manipulationss (Experiment II ; performance of half the total group of participants), and a 
subsequentt experiment with intrinsic motivated watch officers (Experiment LX). Since 
experimentt II and FX used preliminary switching-costs, from the present experiment only 
participantt performance in the switching-cost condition were taken in order to increase 
comparability.. Differences in test performance between the mentioned three experiments were 
analysedd by independent t-tests, and consisted of: a) the time-corrected explosion rate, b) the 
numberr of problems solved per minute, c) the alternation frequency, d) the continuous 
inspectionn duration of the problem solving window, and e) the percentage of time one of the 
taskk windows was selected. 

Inn the present experiment with incentives, participants did cause more explosions than 
participantss in experiment II without incentives (t(52) = .553, p > . 10), but caused more 
explosionss than intrinsically motivated operators in experiment IX (t(48) = 2.041, p < .05; 
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Tablee 21a). There was no difference in explosion rate between participants in experiment II 

withoutt motivation manipulations and intrinsically motivated operators in experiment IX (t(66> 

-- 1.229, p > . 10). 

TableTable 21a: Number of participants per experiment, total duration that both the primary and 
secondarysecondary task were available, number of explosions, and time-corrected explosion rate 
duringduring three comparable experiments with different motivation conditions. The SD of the 
explosionexplosion rate is between brackets. 

MasterMaster Mines 

Motivatio nn condition (Exp.) 

Noo particular  motivation (II ) 
Motivatio nn via incentives (VIII ) 

Intrinsi cc motivation (IX ) 
Total l 

Numberr  of Total duration Number  of Explosion/ 
participant ss of problem- explosions man hour 

solvingg task 

nn = 36 45 min. 78 2.89 (3.58) 
n== 18 55.5 min. 57 3.42 (2.81) 
nn = 32 45 min. 48 2.00 (2.09) 
nn = 86 48.5 min. 183 2.67(2.96) 

Externallyy motivated participants in the present experiment solved more problems than 

participantss who were not motivated in a particular way (t<52) = 2.296, p < .05) and participants 

whoo were intrinsically motivated (t{4g> = 2.575, p < .05; Table 21b). There was no difference 

inn the number of problems solved per minute between non-motivated and intrinsically 

motivatedd participants (t(66> = 1.743, p > .075). 

TableTable 21b: Number of problems solved, window alternation frequency, duration of 
uninterrupteduninterrupted problem solving, and percentage of time the problem-solving window was 
selectedselected during the three comparable experiments (Experiment II, VII and IX) with different 
motivationmotivation conditions. The SD is between brackets. 

MasterMaster Mines 

Motivatio nn condition 
Noo particular  motivation 
Motivatio nn via incentives 

Intrinsi cc motivation 
Total l 

Numberr  of Alternation Continuous Time % of 
problemss frequency problem-solving problem-solving 

solved/minn duration window selection 
.511 (.21) 2.28/min(1.05) 25.76 min (10.81) 79.2% (13.5) 
.655 (.21) 2.54/min (.95) 22.52 min (7.47) 84.9% (10.3) 
.377 (.43) 2.38/min(1.02) 20.81 min (8.19) 71.5% (12.0) 
.488 (.33) 2.37/min(1.01) 23.24 min (9.42) 77.5% (13.3) 

Theree were no differences between externally motivated participants in the present 

experimentt and non motivated participants in experiment II in information window alternation 

frequencyy (t(52) = .904, p > .10), duration of continuous problem solving (t(52) = 1.140, p > 

.10),, and percentage of time that one of the information windows was selected (t(s2j = 1.513, p 

>> .10; Table 21b). There were also no differences between externally and intrinsically 

motivatedd participants in window alternation frequency and duration of continuous problem 

solvingg (t<4g) < 1, p > .10 for both analyses; Table 20b). Externally motivated participants, 

however,, spent more time with the problem solving window than intrinsically motivated 

participantss (t<48, = 3.887, p < .001). Intrinsically motivated participants did not alternate more 
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6.. Psychological state and overview maintenance 

frequentlyy between information windows than non-motivated participants (t<66}  < 1, p > .10), 
butt inspected the problem-solving window for a shorter time period (t(66) = 2.108, p < .05) 
andd a lower percentage of time (t(66) = 2.482, p < .05; Table 21b). 

6.1.4.. Discussion 

Inn contrast to what was expected, operators who were motivated by incentives to perform all 
taskss well did not manage to maintain overview as well as intrinsically motivated operators. 
Externallyy motivated operators even experienced more preoccupation with distracting 
problemm solving than operators who were not motivated in a particular way. Although failure 
too attend the primary information source in time was punished far more severely than success 
inn secondary problem solving could yield them, operators who were externally motivated 
showedd the irrational preference to focus on problem solving. As a result, they solved more 
problemss than other operators, but also failed more frequently to attend the primary 
informationn source in time. This finding indicates that incentives on separate tasks within the 
ensemblee of information sources did not result in overall motivation to attend and perform all 
taskss well. 

AA possible explanation might be that operators estimated the utility of well (secondary) 
problem-solvingg performance to be higher than well performance of the primary task. The 
utilitiess of separate tasks were, however, so much in favour of the primary information source, 
thatt it is more likely that operators who were involved in problem solving were so much 
focusedd on success within this task, that they 'forgot' the far more serious consequences of 
failuree to attend the primary task in time. Externally motivated operators indeed spent more 
timee with the problem-solving window than intrinsically motivated operators, but there were 
noo differences in inspection duration and frequency of window alternation between externally 
motivatedd operators and other operators. These findings may indicate that externally 
motivatedd operators were so much focused on problem solving that they did not specifically 
forgett to attend the primary information source in time, but rather lost the feelings for the 
dynamicss of the tasks. 

Onn a broad level, these findings are in accordance with a study of Bahrick, Fitts, and 
Rankinn (1952), who found that incentives on a task in focus of the attention decreases 
sensitivityy for more peripheral information. However, it remains extraordinary that the 
relativelyy large costs of failure to perform the primary task in time in the present experiment 
didd not compensate the motivation to be involved with (secondary) problem solving, which 
wass promoted by small incentives. This is not in accordance with the theory of Tversky and 
Kahnemann (1981) that people prefer to avoid losses rather than have a chance to win 
something.. Apparently, the incentives in the present experiment did not sufficiently motivate 
thee operators to perform well on the task-ensemble. To get a more complete picture of the role 
off  incentives on overview maintenance, more research is required, for instance into 
manipulationss of primary task incentives. 

Inn the present experiment, operators who were rewarded for success in problem solving 
didd not experience more attention narrowing due to preoccupation with this task than 
operatorss who were punished for poor problem solving. There were also no other performance 
differencess between the rewarded and punished operators. This finding is not in agreement 
withh findings reported by Baron (1988) and Schmidt (1998) that rewards motivate better than 
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punishments.. Lack of motivation in spite of incentives may have been a possible cause for 
failuree to find what was expected. This explanation is however not very likely, since 
comparisonn with similar experiments without incentives showed that incentives increased 
motivationn to perform the task well8. Another possibility is that the wins and losses were too 
smalll  to really make a difference in the performance results of the operators. 

AA third, and more behaviour-related cost-effect on attention narrowing was the presence 
off  external attention switching costs. As was expected, external switching costs caused a 
higherr rate of attention narrowing compared to conditions without external switching costs. 
Withh 'free' task-switching opportunities, operators applied shorter uninterrupted inspections 
off  the problem-solving window than did operators that could only switch without costs on 
particularr moments. Furthermore, window alternation frequency decreased more during 
difficultt problems in operators who could not switch without external costs at every moment 
thann in operators who could switch freely at every moment. This might indicate that external 
costss that are linked to attention alternation in particular conditions, increase the tendency of 
operatorss to follow the dynamics of the information in the focus of attention. When no 
externall  costs are linked to attention alternation, operators have an increased tendency to 
determinee their alternation behaviour more independently from the task dynamics. Since 
operatorss who could only switch without external costs at predefined moments tended to 
spendd less time with problem solving, this might indicate that they were well aware of their 
limitations,, which they compensated by attending the primary task somewhat longer (i.e. until 
thee next mine appeared). However, in spite of the absence of external attention alternation 
costs,, operators still experienced attention narrowing with the result of failure to attend the 
primaryy information window in time. This may indicate that internal switching costs were also 
ann important factor in the decision of operators to switch their attention from one information-
windoww to another. Furthermore, operators with free task-switching opportunities still 
inspectedd the difficult problems longer than the easy problems. We may conclude that 
operatorss were intrinsically motivated to finish a line of thought first before they switched to 
thee primary task (cf. Moray & Rotenberg, 1989). Decreased motivation to invest effort in 
attentionn alternation is also a main point during the development of fatigue, which is 
examinedd in the next experiments. 

6.2.. EXPERIMENT IX: INCREASING TIREDNESS 

Too maintain overview in a complex man-machine environment, operators have to alternate 
theirr attention among the relevant and available information sources in time. However, 
attentionn alternation costs effort and, as the previous and other experiments have shown (e.g. 
Johnstonn & Heinz, 1978), individuals tend to reduce effort investment. Due to this tendency, 
operatorss may easily lose overview. Since operators who become tired9 have an even greater 
tendencyy to prevent effort investment (e.g. Krueger, 1991) tiredness may be a hazardous 
psychologicall  state for ability to maintain overview. An early study of Drew (1940) showed 
thatt pilots became rigid and started to neglect peripheral information when they became tired. 

88 Performance improvement due to incentives was at least found for problem-solving performance. 
99 In this dissertation, no explicit distinction is made between tiredness due to time on task (fatigue), tiredness due 
too sleep-deprivation, or tiredness due to fluctuations in the circadian rhythm (sleepiness or reduced alertness). 

81 1 



6.. Psychological state and overview maintenance 

Thee present experiment examined whether operators experienced more attention 
narrowingg and overview loss when they become more tired. 

6.2.1.. The experiment 

Ass in the previous experiment, also this experiment used the Master Mines test. Operators had 
thee primary task to prevent mines from exploding, which were visible on a radar screen. In the 
meann time, they also had to solve problems, which were based on the game of Master Mind®. 
Thee secondary problem-solving task had the potential to engage the operator, with the result that 
hee would fail to attend the primary information window in time. Both task windows were not 
simultaneouslyy visible, but operators could switch between the windows whenever they wanted. 

Thee experiment started late in the evening and continued during the night. Operators had 
workedd a whole day long before they started test performance. To examine whether 
increasingg tiredness would increase the risk of attention narrowing and overview loss, the 
experimentt was divided into four time periods of equal length. Operators were not allowed to 
sleepp during the night, but had a short brake between the testing periods. The expectation was 
thatt increasing tiredness would result in an increasing risk of attention narrowing and 
overvieww loss, since tiredness would increase behavioural rigidity (cf. Drew, 1940) and 
decreasee the motivation to invest effort in attention alternation (cf. Krueger, 1991). 

Sincee some individuals may be better able to cope with littl e sleep and long periods of 
work,, overview performance during the last test session was also linked to subjective ratings 
off  mental fitness after a whole day and a half night of working. The expectation was that 
operatorss who rated themselves as very tired, would experience more attention narrowing than 
theirr colleagues who rated themselves as relatively fit. 

6.2.2.. Method 

6.2.2.1.6.2.2.1. Participants 

Thirty-twoo experienced watch officers of the Royal Netherlands Navy participated in the 
experimentt (30 males, 2 females). They were between 22 and 37 years of age. Thirty of them 
alsoo participated in experiment V. 

6.2.2.2.6.2.2.2. Test: Master Mines 

Ass in the previous experiments, the Master Mines test was used (Experiment II, Chapter 3). 
Thee test was administrated in four equal sessions of 50 minutes. In each session, the 
difficultyy level of the secondary Master Mind problem-solving task differed: the length of the 
colourr pattern that the participant had to discover could either be 3, 4, 6 or 9 pegs. 

Eachh bin started with 5 minutes in which only the primary radar window was available. 
Thee other 45 minutes, participants performed both the primary and secondary task as well as 
possible. . 

6.2.2.3.6.2.2.3. Apparatus 

Thee test was administrated on a PC. All actions were performed with the mouse. 
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6.2.2.4.6.2.2.4. Procedure 

Participantss entered at 11.00 PM, after a whole day of normal working. First, they were 
informedd about the schedule of the experiment during the night. When participants had read 
thee instructions and understood all details, the test started. The test was administrated 
individuallyy in four sessions of 50 minutes during the night (Table 22). Between each test 
session,, there was a short break in order to give participants some physical activity, drink, and 
food.. The participant was not allowed to sleep during the night. 

Afterr the last test session was finished, participants rated their mental fitness on a 9-point 
scalee (1 = exhausted, 9 = very fit). 

TableTable 22: Starting and finishing times of the four test sessions. 

MasterMaster Mines 

Testt session 

Firstt session 
Secondd session 
Thirdd session 
Fourthh session 

Startingg time 

11.300 PM 
00.355 AM 
01.500 AM 
02.555 AM 

Finishingg time 

00.200 AM 
01.255 AM 
02.400 AM 
03.455 AM 

6.2.2.5.6.2.2.5. Design 

Thee four difficulty levels of the Master Mind problem-solving task were counterbalanced over 
thee four test bins during the night. This was realised by starting the fixed order of the 
difficultyy levels (pattern length: 3-6-4-9) at another point of the range for one quarter of the 
groupp participants. 

6.2.2.6.6.2.2.6. Dependent measures 

Measuress of primary task performance were the number of exploded mines in each test 
session.. Additional information was available from the number of buoys participants had run 
downdown with their ship, and the amount of time they had sailed outside the indicated fairway. 
Secondaryy problem-solving performance was measured as the number of problems solved. 

Sincee the problem-solving task was engaging and had the potential to preoccupy the 
participantt so much that he would fail to attend the primary information window in time and 
preventt mines from exploding, the number of exploded mines during problem solving was a 
measuree for attention narrowing and overview loss. Additional information related to 
performancee strategies was available from a) the window alternation frequency, b) the 
durationduration of uninterrupted problem-solving window selection, and c) the percentage of time 
oneone of the information windows was selected. 

6.2.3.. Results 

6.2.3.1.6.2.3.1. Primary task performance: mine hunting 

Duringg the night, only one participant (3%) succeeded to prevent mines from exploding. One 
participantt caused a maximum of 16 explosions and one participant caused 8 explosions. The 
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6.. Psychological state and overview maintenance 

otherr participants caused 1 to 7 explosions during the night: six participants (19%) caused one 

explosion,, another six caused two explosions, and again another six participants caused three 

explosions.. A total number of four explosions were caused by seven participants (22%), and 

sixx and seven explosions were each caused by two participants (6%). Since the participant 

withh the most extreme number of explosions did not differ on other characteristics from the 

otherr participants, his performance was not left out of the analyses. Al l explosions occurred 

duringg engagement with problem solving. 

Noo participant ran down a buoy or sailed outside the indicated fairway in one of the test 

sessionss during the night. 

6.2.3.2.6.2.3.2. Secondary task performance: Master Mind problem solving 

Problem-solvingg performance was analysed by repeated-measures ANOVA. As in previous 

experiments,, operators solved fewer difficult than easy problems (F(1,28) = 173.932, p < .001). 

Generally,, operators solved fewer problems during the first session than during the second 

sessionn (F(i . 28) = 8.499, p < .01), but there was no difference in number of problems solved 

betweenn later subsequent sessions (F(i. 28> < 1 for all analyses; Table 23). There was no 

interactionn between level of problem-solving difficulty and session (F^^si  = 1.655, p > .10). 

TableTable 23: Number of problems solved during the four different levels of problem-solving 
difficultydifficulty and the four subsequent sessions during the night. The number of participants per 
cellcell is 8. The SD is between brackets. 

MasterMaster Mines 

Problem-solvingg difficulty 
(patternn length) 

Easyy (3 pegs) 

Moderatee (4 pegs) 

Difficul tt (6 pegs) 

Veryy difficult (9 pegs) 

Total l 

First t 
session n 

44.88 44.88 
(15.39) ) 
16.50 16.50 
(6.85) ) 
4.00 4.00 

(3.02) ) 

.63 .63 
(.74) ) 
16.50 16.50 

(19.48) ) 

Subsequent t 

Second d 
session n 

78.25 78.25 
(38.37) ) 
24.63 24.63 

(11.67) ) 
5.50 5.50 

(3.89) ) 

.88 .88 
(.99) ) 
27.31 27.31 

(36.62) ) 

sessions s 

Third d 
Session n 

63.25 63.25 
(16.92) ) 
25.75 25.75 
(7.91) ) 
8.63 8.63 

(3.66) ) 

1.75 1.75 
(1-58) ) 
24.84 24.84 

(25.86) ) 

Fourth h 
session n 

68.50 68.50 
(33.01) ) 
33.38 33.38 

(14.91) ) 
7.50 7.50 

(5.29) ) 
1.50 1.50 

(1.41) ) 
27.72 27.72 

(31.99) ) 

Total l 

63.72 63.72 
(29.13) ) 
25.06 25.06 

(11.94) ) 
6.41 6.41 

(4.26) ) 
1.19 1.19 

(1.26) ) 
96.37 96.37 

(41.93) ) 

6.2.3.3.6.2.3.3. Attention narrowing over increasing tiredness 

Thee number of explosions, the mean uninterrupted inspection duration, the window 

alternationn frequency, and the percentage of time one of the task windows was selected were 

analysedd by repeated-measures ANOVA with subsequent test session as within-subjects factor 

withh repeated contrasts. 

Inn contrast to what was expected, the number of mine explosions decreased in the second 

testt session compared to the first session (F(i , 31) = 6.099, p < .05), and remained nearly 

constantt in later test sessions (resp.: F( I , 3D= 1.390, p > .10; ¥(\,3D < 1; Figure 9a). 
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Timee lapse Timee lapse 

Firstt period 

II  Second period 

II  Third period 

ll  Fourth period 

FigureFigure 9a: Mean number of exploded mines 
andand SD (n = 32) during the four test 
sessions. sessions. 

FigureFigure 9b: Mean uninterrupted inspection 
durationduration of the problem-solving window and 
SDSD (n = 32) during the four test sessions. 

Inn the second session, participants inspected the problem-solving window for a shorter time 

periodd than in the first session ( F Q, 31) = 6.379, p < .05). No differences in inspection duration 

weree observed between subsequent test sessions (F(i,3i) < 1 for all analyses; Figure 9b). 

Thee alternation frequency increased in the second test session compared to the first test 

sessionn (Fo, 31) = 7.144, p < .05), but remained constant in later test sessions (resp.: F(i, 31) = 

3.016,, p > .075; F( i , 3 1) < 1; Figure 9c). 

Timee lapse 

Firstt period 

II  Second period 

11 Third period 

II  Fourth period 

Timee lapse 

FigureFigure 9c: Window alternation frequency per 
minuteminute and SD (n = 32) over the four test 
sessions. sessions. 

100% % 

FigureFigure 9d: Percentage of time the problem-
solvingsolving window was selected and SD (n = 
32)32) over the four test sessions. 

Inn contrast to the other measures, there was no difference in the percentage of t ime one of 

thee information windows was selected during the four test sessions (F(i, 31) < 1 for all analyses, 

Figuree 9d). 

6.2.3.4.6.2.3.4. Attention narrowing and subjective tiredness 

Afterr the last test session was finished, 9 participants (28%) rated themselves as ' t i red' (score 

== 3), 11 (34%) rated themselves as ' l itt l e t ired' (score = 4), and 4 participants (13%) rated 

themselvess as 'normal' (score = 5). The other 6 participants (19%) rated themselves as ' l i t t l e 
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6.. Psychological state and overview maintenance 

fit'fit'  or 'moderately fit ' (score = 6 or 7). Two participants did not rate their mental fitness. 
Performancee of the participants who rated themselves as 'tired' {n = 9) was compared to the 
performancee of the participants who rated themselves as 'normal' or fitter (n = 10). 

Firstt of all, there was no difference in the difficulty level of the problem-solving task in 
thee last test session of participants who rated themselves as tired compared to participants who 
ratedd themselves as relatively fit  (F(i, is, < 1). Tired participants did not solve fewer problems 
inn the last test session than relatively fit  participants (F(!, i8) < 1; Table 24). Thus, differences 
inn problem-solving difficulty could not be the cause of differences in testing performance 
duringg this last session. 

Participantss who rated themselves as tired did, however, not cause more mine explosions 
thann relatively fit  participants (F()i i8) = 1.051, p > .10; Table 24). There were also no 
differencess between tired and relatively fit  participants in window alternation frequency, 
uninterruptedd problem-solving window inspection, and percentage of time that one of the task 
windowss was selected (F([. jg, < 1 for all analyses; Table 24). 

TableTable 24: Number of problems solved, number of mine explosions, the frequency of task 
windowwindow alternation, the duration of uninterrupted problem-solving, and percentage of time 
participantsparticipants had the problem-solving window selected during the last test session of 
participantsparticipants who rated themselves as 'tired' (n = 9), and participants who felt themselves 
'normal''normal' or even fitter ( n = 10). The SD is placed between brackets. 

MasterMaster Mines 

Subjective e 
tiredness s 

Tiredd participants 

Fitt participants 

Total l 

Numberr of 
problems s 

solved d 

23.67 23.67 
(20.65) ) 
35.70 35.70 

(45.37) ) 
30.00 30.00 

(35.45) ) 

Numberr of 
mine e 

explosions s 

1.44 1.44 
(1.74) ) 

.80 .80 
(.92) ) 
1.11 1.11 

(1.37) ) 

Alternation n 
frequency y 

5.39/min. 5.39/min. 
(2.11) ) 

5.57/min. 5.57/min. 
(1.61) ) 

5.485.48 min. 
(1.81) ) 

Durationn of 
continuous s 

problem m 
solving g 

15.9615.96 sec. 
(6.66) ) 

15.2015.20 sec. 
(5.31) ) 

15.5615.56 sec. 
(5.83) ) 

Timee % of 
problem--
solving g 

selection n 

63.3% 63.3% 
(17.1) ) 
65.2% 65.2% 

(11.4) ) 
64.3% 64.3% 
(14.0) ) 

6.2.4.. Discussion 

Noo increased attention narrowing was observed in watch officers who had worked the whole 
dayy and performed during the night without getting sleep or significant rest. Beside an 
improvementt of performance at the beginning of the test, problem-solving performance as 
welll  as general overview maintenance remained stable of time and did not deteriorate as was 
expected.. There was even no difference in overview maintenance and problem-solving 
performancee during the last test session between operators who rated themselves as tired 
comparedd to operators who were relatively fit. It may be possible that tired operators were not 
tiredtired enough to seriously affect performance. 

Thee improvement in general test performance at the beginning of the test in combination 
withh the fact that operators did not spent more time with one of the information windows over 
thee night, is a clear indication of a learning effect. Although the operators had practised the 
testt prior to the first session, they apparently learned how to manage and attend the different 
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informationn sources. Indeed, some operators spontaneously mentioned that they had found a 
systematicc way to solve the problems after one or two test sessions. From this remark we may 
concludee that problem solving switched from a knowledge-based level to a rule-based level 
(cf.. Rasmussen, 1983). As a result, problem solving became less engaging and operators did 
nott need to focus as much on problem solving as in the beginning of the night. The learning-
effectt resulted in fewer failures to attend the primary information window in time, shorter 
uninterruptedd inspections of the problem-solving window, and an increased window 
alternationn frequency. Performance remained constant after the initial improvement at the 
beginningg of the night. It may be possible that the learning effect masked the expected 
tirednesss effects during later test sessions. Even the increasing experience with the test could 
nott prevent most operators to experience attention narrowing. 

6.3.. EXPERIMENT X: TIREDNESS ON A SHIP'S BRIDGE 

Watchh keepers on board ships can easily suffer from tiredness for several reasons. First, they 
performm in 24-hours shifts and, as a result, they cannot always rest at normal periods or for a 
sufficientt amount of time during the night. Secondly, on board a ship, they are never really 
separatedd from their working environment, and are always surrounded by environmental 
stressors,, such as noise, vibrations, and rolling. Due to the combination of these facts, watch 
officerss suffer from tiredness, but have to go on until the ship has reached the next harbour. 

Besidess these continuous causes of tiredness, there are also some time periods that human 
alertnesss is low, which is caused by the circadian rhythm of the body. During these periods, 
whichh are in the afternoon and early morning, operators have a harder time to remain alert and 
performm well, particularly when they are also tired for other reasons.. A number of studies indeed 
havee shown that, particularly during the early morning, performance suffers and accidents are 
moree likely to occur (e.g. Colquhoun, Blake & Edwards, 1986a; 1986b; Dinges, 1995). 

Althoughh the previous experiment did not find increased attention narrowing as a result of 
increasingg tiredness during the night, the present experiment examined again whether 
tirednesss reduces the range of attention and increases the risk of overview loss due to 
increasedd rigidity and information neglect (cf. Drew, 1940). This time, operators performed on 
aa (simulated) ship's bridge during the early morning after a whole day and night of working, 
withoutt getting sleep during the night. 

6.3.1.. The experiment 

Thee present experiment used the SIM III bridge simulator test. Participants had to navigate in 
aa channel, and meanwhile they had to manage a number of events. The events had the 
potentiall  to engage the operator. This increased the risk of attention narrowing, which could 
resultt in failure to perform the primary navigation task in time. 

Inn order to investigate whether tiredness increased the risk of overview loss, operators 
performedd SIM III in a 'tired' and 'rested' condition. Tiredness was induced by several 
factors:: first, operators had worked normally during the day and joined the previous 
experimentt during the night, without getting sleep. Secondly, the time that operators 
participatedd in SIM III (i.e. the early morning) is notorious for performance deterioration due 
too a decreased alertness and increased sleepiness. During the rested session, operators had 
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6.. Psychological state and overview maintenance 

sleptt normally, and had not yet performed any work. This session was administrated later in 
thee morning, during normal working time. 

Thee general expectation was that tiredness would increase attention narrowing and the 
riskrisk of overview loss. This expectation was based on findings of tired operators to show an 
increasedd behavioural rigidity and neglect of peripheral information sources (Drew, 1940). 
Tiredd operators were also found to have decreased motivation to invest effort in task 
performancee (Krueger, 1991). To maintain overview, operators have to alternate their 
attentionn among the relevant information. Since attention alternation costs effort, tiredness 
mayy increase focus behaviour and so increase the risk of overview loss. Increased rigidity (cf. 
Drew,, 1940) may also cause longer delays before operators will respond on incidents. Finally, 
tirednesss was hypothesised to increase risk-taking behaviour as a result of decreased self-
assessment. . 

Sincee SIM II I  consisted of four subtests that had the same sailing environment in 
common,, operators could show a learning effect over subsequent subtests. As increasing 
familiarityy with a particular situation or environment has been shown to decrease the risk of 
attentionn narrowing and overview loss (e.g. Experiment IV and IX), learning effects were also 
examinedd separately. The expectation was that attention narrowing and overview loss would 
occurr less frequently as a result of tiredness if operators would be more familiar with the 
sailingg area. 

6.3.2.. Method 

6.3.2.1.6.3.2.1. Participants 

Inn this experiment, 32 experienced watch officers of the Royal Netherlands Navy participated 
(300 males, 2 females). They were between 22 and 45 years of age. Twenty-two participants 
weree watch officer on board frigates or minehunters. Eight participants were operations officer 
orr air defence officer on board frigates, one person was captain of a ship, and one person was 
aa colonel, recently placed on a shore-function. All participants also participated in 
experimentss V and DC. 

6.3.2.2.6.3.2.2. Test: SIM III 

Inn this experiment, SIM II I  was used (Experiment V, Chapter 4). 

6.3.2.3.6.3.2.3. Apparatus 

SIMM  II I  was performed on a high-fidelity bridge simulator. All equipment was available 
exceptt for radar. 

6.3.2.4.6.3.2.4. Procedure 

Forr the 'tired' session, participants worked normally during the day, and arrived at 11.00 PM 
withoutt taking a nap. First, they joined in experiment DC. At 4.00 AM, the 'tired' session on 
thee bridge simulator started, and lasted until 5.30 AM. For the 'rested' session, participants 
sleptt normally during the night before test administration, and arrived at 7.30 AM. The 
'rested'' session started immediately after arrival, and ended at 9.00 AM. 
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Beforee each test session, participants read the test instruction and answered questions 

aboutt the number of hours they were without rest. They also rated their physical and mental 

fitnesss on a 9-point scale, which ranged from very exhausted (1) to very fit  (9). 

Beforee the start of each subtest of SIM III , they had some time available to orient 

themselvess using a chart and outside view. During the test, they thought aloud, and 

commentedd on information intake and performed actions (see also Experiment V, Chapter 4). 

6.3.2.5.6.3.2.5. Design 

Halff  of the participants first joined the 'tired' session and later joined the 'rested' session. The 

otherr half joined in the sessions in reverse order. Each session consisted of two SIM in subtests, 

whichh were administrated in semi-counterbalanced order (see Experiment V, Chapter 4). 

6.3.2.6.6.3.2.6. Dependent measures 

Measuress of primary navigation task performance were the number of times participants 

crossedcrossed the buoyage that indicated the fairway, and was supplemented by the deviation area, 

whichh was formed by the buoyage and the route participants eventually sailed outside the 

fairway.. Measures for secondary incident managing were the number of incident-related 

errorserrors made. 

Ass the navigation task was not very difficult , failure to maintain in the fairway and the 

deviationdeviation area of the route that was sailed outside the buoyage were taken as measures that 

indicatedd serious consequences of overview loss due to preoccupation with incidents or other 

activities.. The greater the deviation area, the longer participants were supposed to have lost 

overview,, since they were so disoriented that they had apparently no idea were they were 

sailing.. A more integrated measure of overall performance was the sum of buoyage crossings 

andand incident-related errors that were made. 

Thee delay before participants reacted on incidents, and the rate of incident-managing 

interruptionsinterruptions were measures of behavioural rigidity and preoccupation tendencies. In the 

subtestss with shipping incidents, the closest point of approach (CPA) with relevant shipping 

trafficc was another measure for reaction delay and incident managing, which also reflected 

riskrisk taking behaviour. 

6.3.3.. Results 

6.3.3.1.6.3.3.1. Primary task performance: keeping the ship between the buoys 

Overr all SIM III sessions, 13 participants (41%) managed so maintain within the fairway. The 

otherr 19 participants sailed at least once and at most four times outside the buoyage (see also 

Experimentt V, Chapter 4). 

Thee mean route deviation over all sessions was .058 square nautical miles (SD = .097). 

6.3.3.2.6.3.3.2. Secondary task performance: managing incidents 

Overr all sessions, participants made 1.43 incident-related errors (SD = .45). There was no 

differencee in the amount of incident-related errors during the 'tired' and the 'rested' session 

(F( i ,3 i ,< l ;; Table 25). 
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TableTable 25: Number of incident-related errors (n = 32) during the 'tired' and the 'rested' session 
ofof the SIM III  bridge-simulator test. 

SIMSIM III 

Session n 

Tired d 
Rested d 
Total l 

Incident-relatedd errors 

Meann SD 

.711 .52 

.722 .44 
1.433 .45 

6.3.3.3.6.3.3.3. Tiredness 

Whenn the 'tired' session started, participants were on average 21.4 hours without rest, during 

whichh they worked 8.9 hours on average. Against the instructions, five of them had taken a 

shortt nap, but they were not excluded from analyses because they did not differ on general 

characteristicss with others who had not taken a rest. In the 'rested' session, participants were 

onn average 1.2 hours out of bed. 

Subjectivee tiredness-ratings were analysed by repeated-measures ANOVA. Participants 

ratedd themselves physically and mentally fitter during the 'rested' session compared to the 

'tired'' session (physical fitness: F(] , 29) =45.739, p < .001; mental fitness: F(i,29) = 49.627, p < 

.001;; Table 26). 

TableTable 26: Subjective ratings of physical and mental tiredness before the start of the 'tired' and 
thethe 'rested' session. Ratings were on a 9-point scale (1 = exhausted to 9 = very fit). The SD 
isis between brackets. 

TirednessTiredness ratings 

Session n 

Tired d 
Rested d 

Physicall  Mental 
fitnesss fitness 

4.23(1.48)) 4.40(1.40) 
6.00(1.41)) 6.20(1.42) 

6.3.3.4.6.3.3.4. Loss of overview, tiredness, and familiarity 

Thee number of buoyage crossings, the deviation area, and overall performance score were 

analysedd by repeated-measures ANOVA with tiredness session as within-subjects factor, and 

sessionn order as between-subjects factors. 

Participantss did not cross the buoyage more frequently when they were tired than when 

theyy were rested (F<i, 3o> = < 1; Figure 10a). They also did not cross the buoyage more often in 

thee first session than in the second session (F(i , 30) - 2.872, p > .075). No interaction was 

observedd between test order and tiredness condition (F(i , 30) = . 181, p > . 10). 

Inn contrast to what was expected, participants did not sail a larger distance outside the 

fairwayy when they were tired than when they were rested (F(i , 29) = 1.201, p >. 10; Figure 10b). 

Thee deviation area showed a trend to be larger in the first test session than in the second 

sessionn (F(i , 29) = 4.116, p < .075). There was no interaction between test order and tiredness 

conditionn (F(i,29) = .271, p > .10). 
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FigureFigure 10a: Mean number of buoyage 
crossingscrossings and SD (n = 32) in the 'tired' and 
'rested''rested' condition, and in the first and 
secondsecond test session. 

FigureFigure 10b: Deviation area and SD in the 
'tired''tired' and 'rested' condition, and in the 

firstfirst and second test session (n = 31). 

Thee number of overall performance errors showed a similar pattern as the number of 

buoyagee crossings in the different conditions: no differences were observed in the total 

numberr of performance errors in the 'tired' and 'rested' condition, and between the first en 

secondd session; there was also no interaction between session order and tiredness condition 

(F(i,, 29) < 1 for all analyses; Figure 10c). 
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FigureFigure 10c: Overall performance errors and SD (n 
thethe first and second test session. 

32)32) in the 'tired' and 'rested' condition, and in 

Sincee participants may not have been equally tired after 21 hours without rest, the relation 
betweenn subjective tiredness-ratings, buoyage crossing, deviation area, and overall 
performancee scores were established by Pearson correlations. 

However,, also subjective tiredness ratings showed no relationship with buoyage crossing, 
deviationn area, and overall performance errors (Table 27). 
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6.. Psychological state and overview maintenance 

TableTable 27: Correlations of mental and physical tiredness ratings before the start of the 'tired' 
andand 'rested' session with buoyage crossing, deviation area, and overall performance errors. 

SIMSIM III/ 
TirednessTiredness ratings 

Session n 

Buyoagee crossing 

Deviationn area 

Overalll  error s 

'Rested''  session 

Physicall  fitness Mental fitness 

-.1055 .033 
(p>.10)) (p>.10) 
nn = 32 n = 32 
-.2100 -.036 

(p>.10)) (p>.10) 
nn = 32 n = 32 
-.0633 .059 

(p>.10)) (p>.10) 
nn = 32 n = 32 

'Tired ''  session 

Physicall  fitness Mental fitness 

.0511 .036 
(P>.10)) (p>-10) 
nn = 30 n = 30 
-.1088 -.230 

(P>> .10) (p>.10) 
nn = 29 n = 29 
.0333 -.024 

(P>.10)) (P>-10) 
nn = 30 n = 30 

6.3.3.5.6.3.3.5. Behavioural rigidity and risk-taking 

Thee latency of reactions on incidents, the number of task-managing interruptions, and passage 

distancess to other traffic were analysed by repeated-measures ANOVA with tiredness 

conditionn as within-subjects factor. Note that, due to counterbalancing of the SIM III subtests 

(whichh not all contained traffic incidents), only half of the participants encountered traffic in 

bothh the rested and the tired session. Therefore, only the data of these participants could be 

usedd for a within-subjects comparison of tiredness effects and risk-taking behaviour. 

Thee latency of reactions on incidents was not larger when participants were tired than 

whenn they were rested (F(i , 31, < 1; Table 28). Participants did also not interrupt event 

managingg less frequently when they were tired than when they were rested (F(] , 3 ]) < 1; Table 

28).. However, in contrast to what was expected, participants passed other traffic less closely 

whenn they were tired than when they were rested (F(i , 15, = 6.032, p < .05; Table 28). 

TableTable 28: Reaction latency, number of task interruptions (both n = 32), and passage distance 
withwith other traffic (n = 16) during the 'rested' and 'tired' condition. The last colon shows the 
expectedexpected difference between the 'rested' (R) and 'tired' (T) condition. 

SIMSIM HI 

Actions s 
Reactionn latency (sec.) 

Numberr  of task interruption s 
Closestt  point of approach (nm) 

Restedd condition 
mean n 

123.85 5 
1.88 8 
.175 5 

SD SD 

97.35 5 
1.23 3 
.06 6 

Tiredd condition 
mean n 

142.30 0 
2.10 0 
.225 5 

SD D 

118.56 6 
1.63 3 
.05 5 

Expected d 
difference e 

R <T T 
R >T T 
R >T T 

Ass with the direct measures for overview maintenance, the relationship of subjective 

tirednesss ratings with reaction latency, number of task interruptions, and the closest point of 

approachh were analysed by Pearson correlations. 

Noo relationship was found between subjective tiredness ratings and the delay before 

participantss reacted on incidents (Table 29). There was also no relationship between 
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subjectivee tiredness ratings and the number of performance interruptions while managing 
incidentss during the 'rested' session. There was, however, a positive relationship between 
subjectivee tiredness ratings and the number of task interruptions during the 'tired' session. 
Thiss means that participants who rated themselves as relatively tired, interrupted their 
activitiess during the 'tired' session less frequently (Table 29). As with the other measures, no 
relationshipp was found between subjective tiredness ratings and the closest passage distance 
withh other ships in the SIM III subtests with shipping incidents (Table 29). 

TableTable 29: Correlations of mental and physical tiredness ratings before the start of the 'tired' 
andand 'rested' session with reaction latency, number of task interruptions, and closest point of 
approach. approach. 

SIMSIM III/ 
FitnessFitness ratings 

Session n 

Reactionn latency 

Numberr  of task 
interruption s s 

Closestt  point of 
approach h 

'Rested''  session 

Physicall  fitness Mental fitness 

.1277 .173 
(p>.10)) (p>-10) 
nn = 32 n = 32 
.0855 .101 

(p>.10)) (p>.10) 
nn = 32 n = 32 
-.1133 -.032 

(p>.10)) (p>.10) 
nn = 24 n = 24 

'Tired ''  session 

Physicall  fitness Mental fitness 

.2088 .215 
(p>.10)) (p>.10) 
nn = 30 n = 30 
.402.402 .433 

(p<M5)(p<M5) (p<.05) 
n=30n=30 n=30 
.3022 -.343 

(p>.10)) (p>.10) 
nn = 22 n = 22 

6.3.4.. Discussion 

Watchh officers on a simulated ship's bridge did not lose overview more easily when they were 
211 hours without rest than when they were rested, but there were a few indications that their 
performancee started to deteriorate: watch officers passed other shipping traffic at a larger 
distancee when they were tired than when they were rested. This tendency was in the opposite 
directionn as was expected, but may be an indication of risk homeostasis (cf. Wilde, 1982) or 
riskrisk compensation (e.g. O'Neill, 1977; Peltzman, 1975), which means that the tired operators 
adaptedd their safety margins because they noticed that they were more vulnerable to making 
errors.. Apparently, they were not tired enough to lose their sense of risk. 

AA relationship was also observed between subjective tiredness after 21 hours without rest 
andd the number of performance interruptions during incident managing: operators who felt 
tiredd after one day and half a night of task performance, interrupted their actions during 
incidentt management less frequently to check other information sources than operators who 
feltt relatively fit. Although there were no direct indications of an increased risk of overview 
losss as a result of tiredness, the finding that attention alternation started to decrease in the 
mostt tired operators is evidence that their overview performance started to deteriorate. Since 
attentionn alternation costs effort, this finding is also in accordance with Krueger (1991), who 
mentionedd that tired operators showed a decreased motivation to invest effort in task 
performance. . 
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6.. Psychological state and overview maintenance 

Inn sum, there were a few indications that operator performance started to suffer from 

tiredness.. However, the performance deterioration was not as serious as expected. This may 

havee several reasons. First of all, the time period without rest may not have been long enough 

too observe an increased risk of overview loss. In advance, the period without rest in 

combinationn with the 'tiredness' sessions taking place in the early morning (notorious for 

performancee deterioration due to a dip in alertness) seemed enough to observe tiredness 

effects.. However, as a number of watch officers mentioned during the night, one day without 

sleepp did not approach the tiredness in two weeks of keeping watch at sea. This means that, to 

betterr establish the effect of tiredness on overview loss, operators have to be longer without 

rest.. They may also be exposed to the typical 'shipping-stressors' (e.g. Colquhoun, 1985; 

Krueger,, 1991) to reveal the real dangers of tiredness on the bridge. 

AA second point that may have obscured tiredness effects was that the tests were relatively 

short.. A number of researchers have mentioned that frequent change of activities does not 

helpp to reduce tiredness, but offer timely relief from dips in alertness and performance (e.g. 

Kecklundd & Ackerstedt, 1993; Rosekind, Smith, Miller , Co, Gregory, Webbon, Gander & 

Lebacqz,, 1995). 

AA third point that could have contributed to a better contrast between a tired and rested 
conditionn is the scheduling of the 'rested' session on a later time in the morning. Although 
groggynesss has only been found to persist for 30 minutes (Haslam, 1982), some watch officers 
stilll  were not really fit for performance when they arrived at 7.30 AM for the 'rested' session, 
moree than Vi hour after awaking. For logistic reasons, later administration of the 'rested' 
sessionn was not possible. 

AA last point that has to be mentioned from more general observations is that there were 
largee differences among watch officers in the way they reacted on tiredness: some watch 
officerss were easily irritated, others could not maintain overview when sailing in a strange 
area,, and some became inaccurate and risky. In the absence of events, reactions were even 
moree diverse: some watch officers became alert and suspicious (it had never been the case 
beforee that nothing occurred during a bridge simulator session), while others had a hard time 
inn remaining awake in the dull environment without alerting events. 

Inn conclusion, to examine whether tiredness really increases the risk of overview loss in 
man-machinee environments such as the ship's bridge, more extreme conditions are required. 
Thiss may particularly be the case when operators are used to shift work and littl e rest. They 
mayy at least have developed performance strategies to remain awake and perform at a 
sufficientt level. 

6.4.. CONCLUSIONS ABOUT THE EFFECTS OF PSYCHOLOGICAL STATES 

Thee experiments in the present chapter examined the effects of two opposite psychological 

statess on attention narrowing and overview loss. These psychological states, which were 

motivationmotivation and tiredness, influence the amount of effort operators are willin g or able to invest 

inn task performance. Since overview maintenance requires frequent monitoring of all relevant 

informationn sources, which is a process that requires effort, these psychological states were 

hypothesisedd to affect the risk of overview loss. 

Thee first experiment of this chapter showed that overall motivation, which was induced 

byy financial incentives on separate tasks, mobilised effort investment in task performance, but 
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didd not result in an increased ability to perform all tasks well and maintain overview. Despite 
relativelyy large losses for failure to attend the primary information source, operators showed 
ann increased tendency to be preoccupied with secondary problem solving and lose the feeling 
forr the overall dynamics of the task-ensemble compared to operators who were intrinsically 
motivatedd to perform all tasks well. Operators were apparently enforced by the incentives of 
thee task that was in the focus of attention (cf. Bahrick, Fitts & Rankin, 1952), which was 
particularlyy the task that was most engaging. Only intrinsically motivated operators showed 
fewerr preoccupation behaviour and better ability to maintain overview. 

Thee first experiment also showed that there was no difference in the direction of problem-
solvingg incentives: rewards as well as punishments showed to have a similar effect on 
preoccupationn behaviour of operators. This finding was not in accordance with theories 
mentionedd by Baron (1988) and Schmidt (1998) that individuals are better motivated by 
rewardss than by punishments. However, punishments that were associated with increased 
efforteffort costs showed to increase the risk of attention narrowing. That is: when operators could 
nott switch to another information source at every moment without losing the results of 
previouslyy invested effort, they showed a greater tendency to stick with the task in focus of 
attention.. Higher effort costs increased the preference to finish a line of thought first before 
switchingg to another information source. This finding is also evidence for the tendency of 
individualss to avoid (unnecessary) effort investment (cf. Johnston & Heinz, 1978). 

Thee second and third experiment of this chapter examined whether tiredness increased 
thee risk of attention narrowing and overview loss. As previous studies showed, tired operators 
havee an increased tendency to become rigid and to start neglecting peripheral information 
(Drew,, 1940). They also show a reduced tendency to invest effort in task performance 
(Krueger,, 1991). However, in the present experiments, no increased risk of losing overview 
wass observed in tired operators. Direct evidence for an increased tendency of overview loss 
wass even not observed after 21 hours without rest, in which the operators had worked for most 
off  the time, and during a time period that is notorious for performance deterioration due to 
dipss in alertness. 

Theree were, however, a few indications that the operators started to suffer from tiredness. 
Theyy showed to apply larger safety margins, possibly as a result of risk homeostasis (cf. 
Wilde,, 1982) or risk compensation (e.g. O'Neill, 1977; Peltzman, 1975) because they felt they 
weree more prone to making errors. Furthermore, the most tired operators also showed to 
interruptt incident managing less frequently to attend other information sources than relatively 
fitterr colleagues. Since attention alternation is crucial for maintaining overview, this may be 
ann indication that the most tired operators started to develop an increased risk of losing 
overview.. Future research of tiredness effects should apply longer time periods without rest in 
orderr to observe effects on attention narrowing and overview maintenance. 
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