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Abstract

The com plexity o f  the work situation during abnormal situations is a major topic in a 
discussion o f  safety aspects o f  Nuclear Power plants. A n understanding o f  complexity and its 
impact on operator performance in abnormal situations is important. One w ay to enhance 
understanding is to look at the dimensions that constitute complexity for N PP operators, and 
how those dimensions can be measured. A  further step is to study how dim ensions o f 
complexity o f  the event are related to performance o f  operators.

One aspect o f  com plexity is the operator’s subjective experience o f  given difficulties o f  
the event. Another related aspect o f complexity is subject m atter experts ratings o f the 
complexity o f  the event. A definition and a m easure o f this part o f com plexity are being 
investigated at the OECD Halden Reactor Project in Norway.

This paper focus on the results from a study o f  simulated scenarios carried out in the 
Halden M an-M achine Laboratory, which is a full scope PW R simulator. Six crews o f  two 
licensed operators each performed in 16 scenarios (sim ulated events). Before the experiment 
subject m atter experts rated the complexity o f  the scenarios, using a Complexity Profiling 
Questionnaire. The Complexity Profiling Questionnaire contains eight previously identified 
dimensions associated with complexity. After com pleting the scenarios the operators received 
a questionnaire containing 39 questions about perceived complexity. This questionnaire was 
used for development o f  a measure o f  subjective complexity.

The results from the study indicated that Process experts’ rating o f  scenario 
complexity, using the Complexity Profiling Questionnaire, were able to predict crew 
performance quite well. The results further indicated that a measure o f  subjective complexity 
could be developed that was related to crew performance. Subjective com plexity was found to 
be related to subjective work load.
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Introduction

Complexity is a term often related to process control. For example Rasmussen and Lind (1981) 
stated that the complexity o f the operator’s work situation during abnormal plant operation is a 
major topic in a discussion o f  safety aspects o f  m odem  industrial installations.

A basic distinction can be made between ‘subjective’ and ‘expert rated’ complexity. An 
operator carrying out a scenario has a subjective experience o f the task and the situation. The 
operator’s perception o f  the complexity o f  the task can be labelled subjective complexity. A t 
the other hand the operator’s work situation for a scenario can be evaluated on complexity by 
persons w ith substantial knowledge o f process control o f  the relevant process. This kind o f  
rating is like asking ‘how  complex is this scenario for a typical operator’. This evaluation can 
be labelled ‘expert rated’ complexity. The term  ‘scenario’ complexity is sometimes used for 
process experts’ rating o f  the complexity o f  a scenario.

Complexity is often seen as related to performance. A description and a measure o f  the 
complexity o f  the operator’s work situation should relate to operator performance. This is the 
case for both expert rated complexity and subjective complexity.

Four areas of complexity

If  we exclude organisational factors and interaction between teams, four m ain parts that 
influence the complexity o f the work situation in a control room can be looked at as: the 
process; the interface; the operator or the team; and the operator’s tasks. This goes for both 
subjective complexity and expert rated complexity.

Another term  for process is system. The term ‘system com plexity’ is often used for this part o f  
complexity. Terms from ‘systems theory’ are often used to describe the characteristics o f  the 
task influencing the work situation, for example ‘number o f  components or variables,’ and 
‘number and degree o f  interconnection between variables and between subsystem s’.

For many tasks an interface is required between the process and the human to make the human 
capable o f interacting w ith the process. W ithin process control the interface is highly focused 
among other to give a representation o f the process and the task, and to enable effective 
interaction and control over the process. Some o f  the broad issues o f  the interface are mode o f  
information presentation, presentation of overview information, level o f  detail and aggregation 
o f information, processing o f information, controls and action, alarm processing and alarm 
display. These are characteristics o f the interface that can have effect on the complexity o f the 
operator’s work situation.

What the operator or team  brings in to the situation is also a part o f  complexity o f  the work 
situation. W hat is a complex work situation for one operator or team  may be o f  different 
complexity for another operator or team. For example if  one team is highly trained on one
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scenario the team ’s perceived complexity o f the work situation may be low, while a team 
lacking this training may perceive the com plexity o f the work situation as high. For this part o f  
com plexity it is possible to focus on characteristics that is common to all operators or team s or 
characteristics that operators or teams vary about in coping w ith the com plexity o f  the work 
situation.

Leplat (1988) define task as ‘a goal to be attained in given conditions’. These conditions may 
be expressed according to three points o f  view: the states to be covered, the perm itted 
operations and the procedure.

These four areas o f com plexity were used in developing a measure o f  subjective com plexity in 
the study reported below in section ‘Structure and measure o f  subjective com plexity’.

Dimensions for complexity profiling of scenarios (Complexity Profiling 
Questionnaire)

The com plexity o f scenarios is useful to quantity among other for com parison between 
scenarios. This applies to scenarios for experiments and scenarios for validation purposes, and 
could also apply to real incidents. The complexity o f  a scenario can be an im portant factor that 
conceals other operator behaviour issues o f  interest.

In a previous study eight dim ensions (factors) o f  complexity was derived from a factor analysis 
o f  operator ratings o f scenario complexity. These factors were not explicitly derived according 
to the four areas o f com plexity proposed above, and were rather a totality o f  the four areas o f 
complexity. The names given to the factors and their explanation based on the questions w ith 
highest loading on the factors are given in Table 1.
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Table 1. Eight dimensions (factors) of complexity

1. Root cause difficulties
To what extent does the initiating event: (a) mask symptoms o f  the disturbance, and (b) 
prevent getting feedback about a diagnosis?

2. Spread o f information
To what extent does the scenario generate problems: (a) finding the right information in 
the process formats, (b) finding the format containing the right inform ation, and (c) 
tracking and memorizing information collected from process form ats?

3. Confusion
To what extent does the scenario involve: (a) ambiguous or m isleading information, (b) 
instrumentation faults, and (c) missing parameters in the display?

4. Breadth o f information gathering and co-ordination
To what extent does the scenario demand: (a) awareness o f  the work carried out by 
other control room crew  members and external plant personnel, (b) extensive 
knowledge about the physical layout o f  the plant, and (c) the operator to combine 
information from different parts o f  the process and information systems?

5. Obviousness
To what extent does the available information fail to point directly to the fault? (High 
degree means that there are no indications pointing to the fault, or that there are 
indications pointing the crew in the wrong direction).

6. Attentional demand
To what extent does the disturbance: (a) produce a high num ber o f  alarms, (b) involve 
distractions in the control room (telephones, communication, audible alarms etc.), and 
(c) generate problem s in differentiating important from less im portant information?

7. Severity
To what extent does the fault challenge the safety o f the plant and require stabilization 
to be accomplished prior to diagnosis?

8. Temporal demand
To what extent does the scenario result in: (a) time pressure on the operator, and (b) 
many simultaneous tasks?
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These dim ensions were used to develop a ‘Complexity Profiling Q uestionnaire’. A  seven 
point scale was applied to each o f  the eight dimensions. The questions were formulated as in 
the table above.

Experiment: Complexity in Simulation of events 

Method

This experim ent was conducted using the Halden M an-M achine Laboratory (HAM M LAB) at 
the OECD H alden reactor project in Norway. The plant model simulates a PW R closely linked 
to the plant model used in the large scale training sim ulator at the Loviisa nuclear pow er plant 
in Finland. The sim ulator includes all systems and has sufficient scope to provide realistic 
operational characteristics.

The HAM M LAB control room uses relative advanced technology. Plant monitoring and 
process control are done via the displays (i.e., the process mimic displays). It is possible to 
access dedicated reference symbols in the process displays via the trackball to obtain detailed 
inform ation and to carry out process control. Controls are m ainly input through keyboard and 
mouse.

For this study advanced operator support systems w ere not employed.

Scenarios
Subject m atter experts with extensive Loviisa experience developed 16 scenarios that 
represented both high and low complexity situations. The scenarios were failure o f  generator to 
trip, reactor scram, reactor coolant pump LOCA, turbine trip, inadvertent emergency boration 
activation, condensate valve coupling failure, superheater malfunction and tc controller failure, 
air leakage in valve between condenser and ejector, turbine overspeed, oil in compressed air 
(pneumatic) system, loss o f  main transformer-extreme weather-snow, instrum entation line 
leakage, small LOCA, steam generator tube rupture, small feedwater leakage inside 
containment, and cycling o f  M SIV-secondary pressure transient-m ain steam line break.

Data Collection
The crews ran through the 16 scenarios in a randomised order. There were three breaks in each 
scenario for collecting operator responses (i.e., filling out questionnaires). The operator 
answered NASA TLX (see below) in the two last breaks. Each break lasted about three 
minutes. The subjective complexity ratings were collected directly after the scenario was 
finished.

Subjects
Twelve professional operators from the Loviisa nuclear power plant in Finland participated in 
this study. The twelve operators made up six crews with two operators per crew: one reactor
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operator and one turbine operator. The crew members had an average o f  about ten years o f  
control room  operating experience.

Measures

Com plexity P rofiling  Q uestionnaire

Each scenario was rated on complexity by four process experts previous to the study. The 
measure used was the ‘Complexity Profiling Q uestionnaire’ described above. The Intra Class 
Correlation for the ratings was .55 (p < .01). Though, the process experts w ere in substantial 
agreement about the rating o f  a scenario. The m ean rating o f  the four raters was used as the 
com plexity profile for a given scenario. The ‘Complexity Profiling Questionnaire’ was also 
obtained from  each operator after the scenario w as finished.

E xtensive questionnaire about com plexity

A questionnaire containing 39 questions about com plexity was administered to the operator 
after the scenario was finished. The operator rate the contribution o f  the 39 characteristics on 
making the scenario difficult to solve. A scale ranging from 0 to 10 was used where 0 meant 
no contribution and 10 meant large contribution. The questionnaire was administered to the 
operators for a subset o f  all the scenarios. Four out o f  the total o f  sixteen scenarios were 
randomly selected for each crew. Four scenarios rated by each o f  the twelve operators gave a 
total o f  48 scenarios where these 39 questions w ere asked. In this study the 39 questions were 
analysed to develop a measure for subjective com plexity as reported in section ‘Structure and 
measure o f  subjective complexity’ below.

Crew Perform ance: Operator Perform ance A ssessm en t System  (OPAS)

The OPAS (Skrâning, 1998) was used to measure crew performance. OPAS was designed to 
allow consistent and reliable expert ratings o f  crew  performance. The performance score from 
the system allows for comparison across differing scenarios. The system consists o f  three 
steps: scenario analysis, data collection, and perform ance calculation.

A scenario analysis was carried out for each scenario. The main goal, subgoals, and critical 
operator activities were identified through discussion w ith subject m atter experts. Operator 
activities were classified as detections, operations, and critical sequences o f  detections and 
operations. Operator activities were weighted according to their importance for completing the 
main goal. During the scenario a subject matter expert registered operator activities in real time 
concurrent with operator performance. The activities carried out by the operator and the 
weights o f  these activities determine the performance score. The total performance score range 
continuously from 0 to 100, where 100 was the best performance. For further description o f 
OPAS see Skrâning (1998).

In this study performance was measured for the crew  as a whole, and not for each operator in 
the crew.
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W ork load

N A SA  Task Load Index (TLX) was used as a measure o f  subjective workload. The rating scale 
consisted o f  six factors: m ental demand, physical demand, tem poral dem and, performance, 
effort, and frustration. The scale used was 11-point ranging from  0 to 100, w ere 100 was the 
highest work load.
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Structure and measure of subjective complexity

The Structure o f  subjective complexity deals w ith the questions o f  how to describe subjective 
complexity, and how to measure subjective complexity.

After completing the random ly selected four scenarios the operators received the questionnaire 
containing 39 questions about complexity. The 39 questions were first analysed according to 
the four areas o f  complexity. The 39 questions in the questionnaire were grouped into the 
proposed four areas for describing operators subjective complexity. Seven questions were 
grouped as belonging to the operator's perception o f  the process, 13 questions as belonging to 
perception o f  the interface, 16 questions as belonging to the perception o f  the operator him  self 
or the team, and three questions as belonging to perception o f the task. Each group o f  
questions was factor analysed, except for the perception o f  the task questions that were to few. 
The method o f  principal components was used for extraction o f  factors, and the criterion for 
deciding the number o f  factors was eigenvalue greater than 1. Normalised varimax rotation 
was applied to the factors.

The factor analyses for each group o f  questions identified two factors for the perception o f  the 
process questions, four factors for the perception o f  the interface questions, and four factors for 
the perception o f operator / team questions. Table 2 gives the names assigned to the factors 
within the three areas.

Table 2. Factors within areas o f  complexity.

Area o f  complexity Factors identified within each area o f  complexity

Perception o f the process ‘Root cause’

‘Distance and spread’

Perception o f  the interface ‘Spread o f  inform ation’ 

‘M issing inform ation’ 

‘Alarm load’

‘Correctness o f  inform ation’

Perception o f  the operator / team ‘Information gathering and knowledge’ 

‘Operating strategy’

‘Problem structuring’
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‘Specific Experience’

The questions with the highest loading on the factors for each o f  the three analyses are given in 
table 3 below. The table also includes the three perception o f the task questions.

Table 3. Results from factor analyses. The questions with the highest loading
on each factor. Including three questions grouped as belonging to the task.

Perception o f  the process
Factor loading

A l. Root cause
Faults mask each other .87
Faults seemed at first to be something else than they actually w ere .69

A2. D istance and spread
Distance between symptoms and their cause .87
Faults led to changes in many parts o f the process .81

Perception o f  the interface

B l. Spread o f  information
N eeded to combine information from different sources .83
Problems in finding the right information on the process form ats .75

B2. M issing information
Specific measurements or process parameters you needed
w ere not displayed .84
Overview information was lacking .68

B3. Alarm load
High number o f  alarms to investigate .77

B4. Correctness o f information
Some information did not seem to be correct .86
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Perception of the operator

C 1. Inform ation gathering and knowledge
To diagnose fault(s) required detailed knowledge on how circuits
and components actually works .82
N eed to obtain information from other crew members in the
control room to diagnose the fault(s) .76
A lot o f  information was required to diagnose the fault(s) .76

C2. O perating strategy
Several different alternative diagnoses to choose from 
(symptom in the process could be caused by different faults) .89
Problems identifying relevant procedures .81
It was difficult to get relevant feedback from the process 
when you tested a diagnosis .79

..table 3 continued

C3. Problem structuring
Difficulties in finding the chronological order o f  the problems
you observed (what happened first and last) .83
Need to keep track o f  what the other crew members are doing
to the process to understand the fault .74
Problems in differentiating important and less important information .72

C4. Specific Experience
The fault(s) are very rare (faults not likely to happen) .80
Lack o f  training on this type o f  fault(s) .68

Perception o f  the task

D. Task. (Three questions were grouped as belonging to the task. No factor analysis). 
Time pressure (too little time available)
Urgent need to act on the process to stabilise it (preventing you from 
continuing to diagnose)
Severity o f the fault(s) (severe consequences for safe operations)



11

A measure o f subjective com plexity was calculated based on the results o f the factor analyses. 
A score for each factor w as calculated as the mean rating o f  questions w ith factor loading 
higher than .6. In addition one score was calculated for the task area as the mean operator 
rating o f  the three questions grouped as belonging to the task. The measure then has 11 scores, 
two for process, 4 for interface, 4 for operator, and 1 for task.

Experts’ prediction of crew performance, the Complexity Profiling 
Questionnaire

A measure o f complexity should relate to performance, as stated above. This study looked at 
the relation between the Complexity Profiling Questionnaire and crew performance. Prediction 
o f crew performance from the process experts’ rating o f  complexity dem onstrates criterion 
validity (Lewin, 1979) for the Complexity Profiling Questionnaire.

Crew performance was predicted from the eight dim ensions from the Complexity Profiling 
Questionnaire. M ultiple regression, standard method, w as used to  predict crew  performance 
from the eight dimensions from  the Complexity Profiling Questionnaire. The sixteen scenarios 
run through by the six crews made up 96 cases (N=96) for the analysis. The multiple 
correlation ( R ) was .64 (adjusted R2 = .36), and F(8, 87) = 7.70, p < .001. The performance 
score predicted by the m ultiple regression model and the observed performance score are 
plotted in figure 1.
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Figure 1. Process experts prediction. Predicted versus observed crew performance.

The R  = .64 (adjusted R2 = .36) indicates that the process experts rating o f  scenario 
complexity, using the Complexity Profiling Questionnaire, were able to predict crew 
performance quite well.

In the above multiple regression eight dimensions o f complexity predicted the performance 
score o f  the crew. A multiple regression, method o f backward stepwise regression, was used to 
identify the ‘best’ regression model and to examine if  fewer dimensions could predict 
performance. The highest possible adjusted R2 was the criterion for identifying the best model. 
The result o f  this was an equation with five dimensions that all were highly significant. The R 
= .64 (adjusted R2 = .38), F(5, 90) = 12.41, p  < .0001. The five dimensions and the 
standardised (beta) regression weights are shown in table 4 (for description o f  the dim ensions' 
see above).

Table 4. Crew performance predicted from process experts complexity rating.
Backward stepwise regression. Complexity factors (independent variables) and 
standardised regression weights.
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Factor

2. Spread o f  information

3. Confusion

4. Breadth o f  inform ation gathering and co-ordination

5. Obviousness

6. Attentional demand

weight

1.13***

- .46**

-1.02***

- .36** 

.32*
* p < . 0 5 .  * * p < . 0 1 .  * * * p < . 0 0 1 .

Two o f  the standardised regression weights were not in the expected direction. The weights for 
‘Spread o f  inform ation’ and ‘Attentional dem and’ indicate that crew perform ance increases 
when complexity increases along those two dimensions. The bivariate correlation between 
crew performance and each o f  the eight dim ensions were all negative except for ‘Attentional 
dem and’, which indicates that ‘Spread o f  activation’ may act as a supressor variable (Howell, 
1992). This somewhat complicated pattern o f  weights for the factors m ay indicate that the 
interaction between ratings o f  each dim ension is important for the process expert's prediction 
o f  crew performance.

The correlations between complexity dim ensions (factors) are all positive, ranging from  . 13 to 
.90. The reason for high correlations could be that the Complexity Profiling Questionnaire was 
not sensitive to dimensions o f  complexity, or that the process experts perceived the complexity 
dimensions be too similar within each scenario. These high correlations suggest cautious 
interpretation o f  the individual weights from the regression analysis.

To conclude, the experts rating o f complexity predict crew perform ance quite well. The 
relation between the pattern o f  the rated dimensions and performance w as complicated, 
suggesting that the interaction between rated dimensions was important for prediction o f  crew 
performance.

Subjective complexity, measured by the Complexity Profiling Questionnaire, 
and crew performance.

The experts' prediction o f crew  performance was compared to the m ultiple correlation between 
the operators’ rating following the scenarios, using the Complexity Profiling Questionnaire, 
and crew performance. M ultiple regression was used to predict crew perform ance from  the 
crew ’s evaluation o f  the scenario. The sixteen scenarios run through by the six crews made up 
96 cases (N=96) for the analysis. R was .37 (adjusted R2 = .06), and F(8, 87) = 1.77, p = .09. 
The performance score predicted by the multiple regression model and the  observed 
performance score are plotted in figure 2.

436



14

Figure 2. Operator’s ‘post-’ prediction. Predicted versus observed crew performance.

The adjusted R2 was .06 and the F statistic for the regression model was not significant (p < 
.09). This suggests that either the crew ’s evaluation o f dimensions o f com plexity was not 
related to crew performance, or alternatively the Complexity Profiling Questionnaire is not a 
good measure for subjective complexity. The second explanation is discussed below.

Subjective complexity, alternative questionnaire, and crew performance.

A measure o f  operator’s subjective complexity should relate the operator’s performance, as a 
measure o f  process experts’ complexity ratings should do.

The Complexity Profiling Questionnaire consists o f  eight rather extensive questions that 
represent the complexity factors. Each question comprises m ore than one issue o f  complexity. 
This may be efficient for process experts rating in general, how  complex the scenario will be 
for a typical operator. A possible methodological problem is that the eight questions o f  the 
Complexity Profiling Questionnaire were not well suited for the operator’s description o f  the 
experienced complexity. It is also possible that the Complexity Profiling Questionnaire is not 
sensitive to dimensions o f  process experts rating o f  scenarios as indicated above.

457



15

For developm ent o f  an alternative measure o f subjective complexity 39 questions about 
complexity were given to the operators after finishing a scenario. The questionnaire, 
containing 39 questions, was administered to the operators for a subset o f  the scenarios. As 
previously mentioned in section ‘data collection’ the questionnaire was used only for four 
random selected scenarios. The twelve operators then rated four scenarios which gave a total o f  
48 com plexity ratings o f  selected scenarios.

The scores calculated for the 11 factors from the questionnaire described in section ‘structure 
o f subjective com plexity’ w ere used to predict crew performance. Twelve operators’ rating o f 
four scenarios each gave 48 cases for the analysis (N = 48). The results from the multiple 
regression, standard regression, were R = .67 (adjusted R2 = .28), and F (11, 36) = 2.62, p <
.01. The performance score predicted by the m ultiple regression model and the observed 
performance score are plotted in figure 3.

Figure 3. Operator subjective complexity. Predicted versus observed crew  performance.

The results suggest that a measure o f subjective com plexity can be developed that is related to 
crew (operator) performance. The m ultiple correlation o f  .67 and the adjusted R 2 o f .28 
indicated a substantial relation between subjective com plexity and crew performance. The
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rather low adjusted R2 o f  .28 compared to the multiple correlation of. 67 is mainly due to many 
predictor variables (eleven factors) compared to number o f  cases (N = 48). The adjusted R 2 
was quite higher for the regression model with fewer predictor variables as reported below.

A m ultiple regression, method o f  backward stepwise regression, was used to identify the ‘best’ 
regression model. The criterion for the best model was the highest adjusted R 2. The result o f  
the analysis was an equation with seven factors. The R = .66 (adjusted R2 = .44), and F (7, 40) 
= 4.47, p < .001. The seven factors and the standardised regression weights are shown in table
5.

Table 5. Crew performance and operator’s subjective complexity. Backward stepwise
regression. Complexity factors (independent variables) and standardised regression 
weights.

Factor weight

A I . Root cause - .54*

B 1. Spread o f  information .67* * *

B3. Alarm load - .49**

C l . Information gathering and knowledge - .45**

C2. Operating strategy - .22

C3. Problem structuring .47**

C4. Specific Experience .22
* p < . 0 5 .  * * p < . 0 1 .  ** *p< .0 0 1 .

Three o f  the weights were not in the expected direction, and two o f  these were significant. 
The bivariate correlation between crew performance and two o f the factors in table 5 were 
positive. The correlation was .09 (p = .50) between crew performance and ‘spread o f 
inform ation’ and .01 (p = .93) between crew performance and ‘problem  structuring’. The 
bivariate correlation between crew performance and the rest o f the factors in table 5 were 
negative. The bivariate correlation between crew  performance and the factors in table 5 
suggest that the directions o f the significant regression weights are in accordance with the 
factors individual relation with crew performance.
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The regression model suggests that the operator’s perception o f increased com plexity because 
o f ‘root cause’, ‘alarm load’, and ‘information gathering and know ledge’ were associated w ith 
decreased (actual) crew perform ance. A  perception o f  increased com plexity because o f  ‘spread 
o f inform ation’ and ‘problem  structuring’ were associated with increased crew  performance.

Process experts’ Complexity ratings and subjective work load.

Subjective work load was m easured during two o f the breaks during the scenario. A  mean 
work load o f  the two periods o f  the scenario was used in the following analyses.

There w as no correlation between workload and crew performance, r =  -.03, p =  .82.

M ultiple regression was used to predict the work load from the scores on the com plexity 
dimensions. The method o f  backward stepwise regression was used to identify the ‘best’ 
regression model. The criterion for the ‘best’ model was the highest adjusted R 2.

For the experts' ratings the best model was composed o f  five dimensions. The m ultiple 
correlation (R) between w ork load and the five dimensions was .61 (adjusted R 2 = .30). F(5, 
42) = 4.93, p < .001. The dim ensions and their standardised weights are shown in table 6.
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Table 6. Operators’ subjective work load and process experts’ complexity rating. Backward 
stepwise regression. Complexity factors (independent variables) and standardised 
regression weights.

Factor

1. Root cause difficulties

5. Obviousness

6. Attentional demand

7. Severity

8. Temporal demand
* p < .05. * * p < . 0 1 .  *** p < .001.

The negative weights for ‘root cause difficulties’ and ‘temporal dem and’ were not in the 
expected direction, since an increase in rated complexity was expected to predict increased 
work load. The bivariate correlation between work load and the dim ensions in table 6 were all 
negative. This means that an increase in the process experts’ rating o f  individual complexity 
dimensions was related to a decrease in operator’s subjective workload. ‘O bviousness’, 
‘attentional dem and’, and ‘severity’ can be seen as supressor variables that modify the effect o f 
‘root cause difficulties’ and ‘temporal dem and’ on work load.

Considering the bivariate correlations between work load and each complexity dimension, the 
relation between process experts’ rating o f  complexity and operator’s subjective workload was 
basically negative. The model given in table 6 indicates that the dim ensions togehter have a 
rather mixed relation to the operator’s work load.

Subjective Complexity and Subjective Work load.

For the operators subjective rating o f  complexity the best model w as com posed o f  four 
dimensions. R was .67 (adjusted R2 = .39), and F (4, 43) = 8.63, and p < .0001. The 
dimensions and their standardised weights are shown in table 7.

Table 7. Operators’ subjective work load and subjective complexity. Backward
stepwise regression. Complexity factors (independent variables) and standardised 
regression weights.

w eight 

- 1.33** 

1.33** 

.73** 

.51*

-1.15***
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Factor weights

B 1. Search for information . 15

B3. Alarm load - .1 9

C 1. Information gathering and knowledge .19

D l. Time pressure .50**
* p <  .05. ** p < .01. *** p < .001.

The bivariate correlations between work load and each o f  the dim ensions in table 7 were all 
positive. A n increase in an individual subjective complexity factor was associated w ith an 
increase in work load. Only the weight for ‘tim e pressure’ was significant and predicted work 
load in the expected direction.

Discussion

Process experts ’ complexity profiling o f  scenarios. The results from  previous studies suggest 
that eight dimensions could be used to represent the complexity o f  the operator’s work 
situation. Operator perform ance can be seen as the m ost important criterion against which 
expert rating o f  complexity should be related to. The results from the multiple regression 
analyses suggest that the experts’ rating o f  those dimensions, using the Complexity Profiling 
Questionnaire, predicted crew performance quite well. The ‘best’ dim ensions for predicting 
crew performance (in the expected direction) w ere found to be ‘confusion’ (i.e. am biguous or 
misleading information), ‘breadth o f  information gathering and co-ordination’ (i.e. awareness 
o f  the work carried out by other control room crew  members), and ‘obviousness’ (i.e. to what 
extent does the available information fail to point directly to the fault). The regression analyses 
demonstrate the validity o f the number and contents o f  complexity dim ensions identified. 
However, the high correlations between the com plexity factors, and com plicated pattern o f 
regression weights for the prediction o f  crew performance, suggest the opportunity exists for 
simplification and refinement o f  the Complexity Profiling Questionnaire.

The operator’s subjective complexity. A measure o f  subjective com plexity should be related to 
(actual) operator performance. The Complexity Profiling Questionnaire was able to 
successfully relate subjective complexity to perform ance. However, a measure based on 
detailed questions about complexity was able to relate subjective com plexity to crew 
performance. The ‘best’ dimensions for predicting crew  perform ance (in the expected 
direction) w ere ‘root cause’ (i.e. faults mask each other), ‘alarm load’ (i.e. high numbers o f  
alarms to investigate), and ‘information gathering and know ledge’ (i.e. to diagnose the faults 
required detailed knowledge o f  how circuits and com ponent actually work).
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As opposed to the experts’ rating o f  com plexity, subjective complexity was clearly related to 
subjective work load in the expected direction. An increase in subjective com plexity was 
related to an increase in subjective work load. There was no correlation (r = - .03) between 
operator’s work load and crew performance. Subjective complexity was found to be related to 
both work load and crew performance. A m ultiple correlation was found between subjective 
com plexity and crew performance, and between subjective complexity and work load. One 
possible interpretation is that part o f  subjective complexity is dependent upon the operator’s 
perception o f  how hard one has to work in a scenario, and at the same time somewhat 
independent o f  actual performance.

Further studies o f complexity will aim at enhancing and refining the measure for subjective 
complexity. The number o f questions required to cover the dimensions o f  complexity could be 
reduced, by using only those questions with highest loading from factor analysis. The 
sensitivity o f  the measure could be enhanced by covering more factors within the four areas o f 
complexity discussed, e.g. increase the num ber o f  questions dealing w ith the perception o f  the 
task. These additional factors will be identified and investigated in future experiments.
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