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ABSTRACT 

Control room operator support systems and their interface designs have as one goal the enhancement 
of the operators' situation awareness of the dynamically changing process state. This paper describes 
a technique for measuring situation awareness within the Human Factors evaluation of control room 
operator-system interfaces. The technique, referred to as SACRI, has been evaluated in four simulator 
studies and the main findings from these studies are summarised in this paper. It is concluded that 
SACRI can be a useful supplement to operator performance measures currently existing for use within 
control room interface evaluations. 

1. INTRODUCTION 

In monitoring and controlling the process, the operating crew within the central control room must 
maintain an awareness of what is happening within the dynamically changing process state; ie to 
maintain situation awareness. This task involves knowing the recent process history, the current state, 
and deriving from these a prediction of the future state which will affect decisions concerning the 
planning of control actions [1,2,3,4]. In maintaining situation awareness, the operator integrates 
his/her overall knowledge of the process and process dynamics with information received from the 
control room displays. Since the accuracy of the operator's situation awareness can affect his/her 
overall task performance, it follows that the design of displays should consider how best to support 
situation awareness [5,6]. 

Control room operator support systems and their displays can be evaluated in a simulator facility to 
assess their effectiveness in supporting the operator in his/her tasks. Traditionally used operator 
performance measures within simulator evaluations have included, for example, detection time of a 
process fault indication and diagnostic accuracy. However, these measures by themselves can not 
directly assess the system's ability to enhance situation awareness: respectively, they tap the initial 
and final stages of information processing with respect to a disturbance, as opposed to a constituent 
intermediate stage of maintaining situation awareness [7,8,9]. 

Unfortunately, a successful measure of situation awareness had not previously been developed for use 
within process control research. A research project was thus initiated at the OECD Halden Reactor 
Project to develop such a measure to supplement others in system design evaluations [8]. The aim 
was to produce a measure that was objective, able to assess situation awareness as it develops over 
time, and could be applied generically across a variety of different process states and interface 
configurations. This paper provides a summary of the work so far conducted. 
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2. THE SITUATION AWARENESS CONTROL ROOM INVENTORY (SACRI) 

The measure, referred to as the Situation Awareness Control Room Inventory (SACRI), has been 
developed within the HAlden Man-Machine LABoratory (HAMMLAB). HAMMLAB contains a full-
scale simulation of a nuclear power plant, based on the Loviisa pressurised water reactor in Finland, 
and computerised displays which are used by test operators to monitor and control this simulated 
process in its entirety. When required, the various operator support systems developed at Halden can 
be coupled to the process for both Human Factors research and system evaluation purposes. A wide 
range of disturbance scenarios can be simulated and facilities are available to log process parameter 
trends, alarms, and operator actions as part of a range of investigative techniques used for assessing 
operator behaviour. 

SACRI takes its basic framework from the Situation Awareness Global Assessment Technique 
(SAGAT) [10], developed within the aviation domain, although the specific content and procedural 
details of SACRI have received considerable adaptation due to differences between the aviation and 
process control task environments (eg greater process lag and inter-dependency of parameters within 
process control). When using SACRI, disturbances are simulated which must be monitored by the test 
operators. Typically, a scenario will last for a couple of hours of simulator run-time in which several 
disturbances of varied severity are introduced. At various points during the scenarios, unbeknown to 
the test subjects, the simulator is frozen, the test subjects turned away from the displays, and a series 
of questions is asked which relate to the current plant state. When and how often the simulator is 
frozen is determined by the content of the scenario; during a study in April 1993, for example, one 
scenario used one and a half hours of run time, during which the simulator was frozen on thirteen 
occasions. 

The questions asked relate to key process parameters that the operator must monitor to maintain 
situation awareness, and have been structured in accordance with the conceptual basis of how this 
monitoring task is performed [1,11,12]. The parameters, currently totalling thirty-five, are applicable 
over a wide range of disturbance situations, and have been selected in co-operation with operators and 
other process experts of the Loviisa plant. The status of each process parameter can be asked about in 
one of three time frames which, when combined, represent a snapshot of the operator's situation 
awareness at the current point in time. For example: 

Past: In comparison with the recent past, how has the level in the pressuriser developed ? 
Present: In comparison with the normal status, how would you describe the current level in the 

pressuriser ? 
Future: In comparison with now, predict how the level in the pressuriser will develop over the 

next few minutes. 

One intention of this question structure, which is homogenous across all questions, is for the test 
subjects to report process trends and how they relate to the present situation as opposed to reporting 
absolute parameter values. This aim is also realized by the use of qualitative and restricted response 
categories: in the above example, the choice of possible responses is 'increase / same / decrease'. 

A computer program generates a set of twelve questions each time the simulator is frozen. The 
selection is structured so as to ensure an even distribution across the plant process and across the 
different time-frames. The test subjects are unaware what questions will be asked and the randomised 
selection is independent of the scenario being simulated. Combining this attribute with the operator 
not knowing what disturbances will be simulated or when the simulator will be frozen, the overall 
SACRI procedure prevents the test operators from preparing their responses in advance which would 
otherwise degenerate the measure into one of memory recall. 
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The operator's responses to each question are scored through comparison with time-tagged trend logs 
of the respective parameter. Each response is classified in one of four ways: hit (significant parameter 
drift, detected by operator); miss (significant parameter drift, not detected by operator); correct 
acceptance (no significant parameter drift, none reported by operator); false alarm (no significant 
parameter drift, but one is nevertheless reported by the operator as being present). This classification 
is then used to calculate the Signal Detection Theory (SDT) measures of A' and the R:S ratio [12,13], 
usually on the basis of each individual administration of SACRI. These measures, which are 
traditionally used in areas such as industrial inspection, are directly applicable to assessment of the 
operator's situation awareness. In this context. A' is taken as indicating the accuracy with which the 
current situation was assessed, whereas the R:S ratio can assist in indicating the operator's strategy in 
assessing the extent of a disturbance's consequences. 

Finally, questions concerning how the operator perceives the current situation in direct relation to 
his/her current task goals are now to be added into SACRI. The same few questions will be asked on 
each occasion the simulator is frozen, following those described above, and elicit free responses from 
the operator that are not included in the SDT measures calculation but serve instead as supplementary 
information when later interpreting the data. 

3. THE SACRI EVALUATION STUDIES 

3.1 Background 

Due to this research having no direct predecessor, a series of methodological studies were required to 
develop and evaluate SACRI. Four simulator studies have been conducted for this purpose. The first 
two studies in HAMMLAB both used two licensed operators from the Halden Boiling Water Reactor, 
who had been specifically trained on the simulated pressurised water reactor process for purposes of 
the research project. The third study, also in HAMMLAB, used internal Halden research staff who 
had varying degrees of knowledge of the simulated process; this serving a goal of establishing the 
level of process competence required for the use of SACRI to be effective. The fourth study was 
conducted in the Loviisa plant training simulator in Finland, using a licensed Loviisa operating crew 
as test operators. An additional aim of this study was to discuss the overall content and structure of 
SACRI with the licensed operating crew. 

These studies served to develop SACRI in an iterative manner, in which improvements derived from 
one study were implemented and re-evaluated in the next. SACRI was evaluated against a set of 
criteria for the use of situation awareness measures [14] and those adapted from the measurement of 
workload in a system test and evaluation environment [15]. A deliberate strategy was adopted 
concerning the shaping of each study to the evaluation of SACRI against a select few criteria: had it 
been attempted to assess all criteria at one time and SACRI had not been effective, it would have been 
difficult to decide whether this was an effect, for example, of the test operators used, the contents of 
the question inventory, the manner in which disturbances were simulated, the manner in which 
interface configurations were manipulated, or the general procedure for deriving the measure. A 
summary of some main findings from these studies is given in the following sections. 

3.2 Sensitivity 

3.2.1 Avoidance of ceiling and floor effects. 

A main issue of the evaluation studies has been whether or not meaningful variation can be obtained 
within the response data; what is referred to as the sensitivity of the measure. Without such variation 
it is not possible to compare different operators, different system interfaces, or use of the same system 
interface in different situations. 
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A general means of evaluating sensitivity is to ensure that the response data do not show floor effects 
(responses being consistently incorrect) or ceiling effects (responses being consistently correct). No 
such effects were observed in any of the studies, leading to the conclusion that the inventory of 
questions is set at an appropriate level of difficulty for the test subjects used and the situations 
simulated. More specific aspects of the measure's sensitivity will now be discussed. 

3.2.2 Sensitivity to differences in operator competence. 

Considerable evidence has shown SACRI to be sensitive to differences in operator competence. In the 
first two studies, one operator consistently achieved better scores than the other, with this difference 
corresponding to results of a pre-test of process knowledge and the subsequent accuracy of their 
diagnoses. In the third study, differences between the six test subjects predicted before the study were 
confirmed by the response data. Of particular importance is that a clear distinction was seen between 
two groups of test subjects, one group being predicted as process experts relative to the others; this 
distinction proved important in later analyses, as will be seen in section 3.2.4. Finally, the fourth 
study at Loviisa re-ran one scenario from the third study in HAMMLAB, with the Loviisa crew 
performing significantly better than the non-licenced Halden test subjects. 

3.2.3 Sensitivity to changes in the process state 

The characteristics of process situations will create varying requirements on the maintenance of 
situation awareness, and a measure of situation awareness must be sensitive to such variation. Results 
of the studies have shown indication that SACRI meets this criteria. 

For example, in the second study two scenarios were constructed, each having an easy, an 
intermediate, and a difficult disturbance to monitor within them. Factors influencing the level of 
difficulty included the number of independent process faults within the disturbance and the degree to 
which the disturbance had consequential effects throughout the process; it is acknowledged that 
subjective responses to each disturbance will complicate this general distinction. Operator scores for 
each of these disturbances, which reflected the expected differences between operators and 
disturbances, are shown in Figure 1. 

• Operator A E3 Operator B 

Easy A Intermediate A Difficult A EasyB Intermediate B Difficult B 

Figure 1. Second study, operators'situation awareness scores for each of the 
three disturbances in each of the two scenarios. 
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3.2.4 Sensitivity to changes in a control room system-operator interface 

Being that the principal use of SACRI will be within the evaluation of control room system interfaces, 
a fundamental requirement is that it should be shown to be sensitive to interface differences; these 
differences being another factor affecting overall task complexity. In the third study, this requirement 
was investigated through the manipulation of an alarm system interface. The system has two displays: 
one, a VDU based chronological alarm text list, the other a VDU based alarm and process overview 
graphic display. During the scenarios, for some of the time the alarm text list was available whereas at 
other times it was not; the overview display was available throughout. Changes to the interface were 
done in a way that ensured, as far as possible, we were testing the effects of interface design per se as 
opposed to the actual act of changing the interface. 

At an overall level of analysis, little difference was seen between the two interface configurations' 
affect on situation awareness, although one test subject proved significantly better without the alarm 
text list display. However, it was found that individual differences in response to the disturbances 
occluded findings of interface effects at an overall level of analysis, and that analysing trends in 
situation awareness scores was a more sensitive and relevant approach. An example of the data 
viewed in this way is shown in Figure 2. 

! 2 3 4 5 6 7 8 9 10 II 12 13 

ADMINISTRATION OF SACRI 

Figure 2. A' trends for subject 1, scenario A, in the third study. The term 'with' 
refers to administrations of SACRI when the alarm text list was displayed, 

whereas 'without' refers to when it was not displayed. 

Data analysis proceeded by examining directional trends in the A1 score when a change to the 
interface was introduced (did situation awareness improve or decline ?). It was this analysis that 
showed an important distinction between the upper and lower scoring test subjects. Sensitivity to 
interface differences was seen in the data of the upper three scoring subjects, with situation awareness 
consistently declining when the alarm text list was re-displayed after a period of being hidden, but 
with no specific directional effect when the list was taken away after a period of being available; see 
Table 1. No such difference between the interfaces was observed in the data from the lower three 
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scoring subjects; see Table 2. Results of Chi-square tests, used in evaluating the statistical 
significance of the data, are also given. 

Table /. Directional trends in A ' scores of the upper three scoring subjects when the interface is 
changed; third study. 

Increase in A* score Decrease in A' score 
Interface change from without 

alarm text list to with. 0 7 
Interface change from with alarm 

text list to without. 3 4 
(X2 = 3.82, df = 1, critical value for X2 at p=0.05 is 3.84) 

Table 2. Directional trends in A ' scores of the lower three scoring subjects when the interface is 

Increase in A' score Decrease in A' score 
Interface change from without 

alarm text list to with. 3 4 
Interface change from with alarm 

text list to without. 4 4 
(X2 = 0.08, df = 1, Not significant) 

These findings are confirmed by analysis of the absolute A' values when the interface is changed, 
grouping the data in the same way as for the above analyses; see table 3. 

Table 3. Quantitative analysis of trends in the A' scores at points in the scenarios when the alarm 

Mean A" Mean A' Value of t df significance 
level 

Upper three scoring 
subjects: interface change 
from without text to with. 

Without 
text: 0.814 

With text: 
0.616 

2.92 6 p < 0.05 

Upper three scoring 
subjects: interface change 
from with text to without. 

With text: 
0.700 

Without 
text: 0.704 

-0.03 6 NS 

Lower three scoring 
subjects: interface change 
from without text to with. 

Without 
text: 0.565 

With text: 
0.698 

-0.80 7 NS 

Lower three scoring 
subjects: interface change 
from with text to without. 

With text: 
0.582 

Without 
text: 0.325 

1.44 6 NS 

The finding that, for the upper three scoring subjects, the removal of the chronological alarm text list 
led to an increase in situation awareness, whereas its introduction generally led to a decrease, was 
unexpected: it had been thought that the additional information from the text list would benefit the 
test subjects. One possible explanation for this finding is that the availability of both the 
chronological alarm text list display and the alarm / process overview display actually provided too 
much or too detailed information for the operator to focus on, particularly in the initial stages of a 
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disturbance. By definition, the overview display was more effective in providing the operator with a 
rapid update of the changed process situation, whereas the text display provided detailed information 
relating only to the specific alarms. Whilst the detailed text information may become more important 
than that of the overview display in diagnosing the disturbance, during the initial phase of the 
disturbance the text may focus the operator into too narrow a scope of interpreting the alarm message 
at the expense of assessing the disturbance's global effects. 

This explanation is at present speculative, and there is a need to replicate the finding using a larger 
pool of process experts (preferably licensed PWR operators). In addition, since this was a 
methodological study for SACRI, a detailed observation of how the alarm system interfaces were 
used by the test subjects, which would have investigated correlates between the proposed explanation 
and behavioural data, was not conducted. The main implication of the finding for the purpose of this 
study is that the A' measure has shown the potential of being sensitive to changes in the alarm system 
interface, which suggests it would be of value in assessing alternative alarm system and other process 
state information system designs in terms of their effectiveness in enhancing the operator's situation 
awareness. 

So why was this effect not also seen with the lower scoring subjects ? It was concluded from 
inspection of the trend data that the over-riding effect on these subjects was the situational change 
brought about by the introduction of a new disturbance, and they were thus insensitive to the more 
subtle effect of an interface change. Derived from this is the methodological conclusion that 
considerable process competence will be required when using SACRI in control room system-
operator interface evaluations. 

3.3 Reliability 

To be a reliable measure, SACRI's findings must be replicable. This criteria has received less 
attention in the evaluation studies, due to the time scales and other practical considerations required to 
re-run a group of operators on a set of test scenarios they had previously encountered. However, 
initial indication of SACRI's reliability has been seen from a less stringent stand-point; for example, 
the consistent score differences between the two operators in the first two studies, and the predicted 
rank ordering of test subjects in the third study being bourne out by the response data generated. 

3.4 Content validity 

Fundamentally important to the question based method of measuring situation awareness is the 
identification of those parameters central within the operators' monitoring of the process for inclusion 
in the question inventory. Much effort has been placed in compiling SACRI, culminating in a detailed 
review with the Loviisa licensed operating crew. They conclude that the current version of the 
question inventory contains those parameters which are key indicators of process changes over a 
range of difference disturbance situations. 

3.5 Construct validity 

Construct validity refers to SACRI's effectiveness in measuring the unobservable psychological 
construct of situation awareness. Although work is still required in fully defining situation awareness, 
enough is known for practical purposes of attempting to measure it. It is argued that the SACRI 
measure reflects well the current thinking about situation awareness. 

The inventory of questions captures the temporal nature of situation awareness by asking about the 
current process state, how it has developed, and how it is likely to develop. In addition, these 
questions relate to qualitative trends in process parameters as opposed to absolute parameter values; 
this being consistent with how the operator is envisaged to monitor the process. 
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Ariother aspect of construct validity is that the tasks performed by the operator in the test environment 
are representative of the tasks in the actual plant environment, thus allowing transferability of the 
system evaluation results to that plant environment It is argued that the use of full-scale simulation 
and the introduction of disturbance scenarios over a period of several hours gives a close 
approximation to the development of situation awareness on plant. For example, the Loviisa operating 
crew commented that the scenario used was similar to that they might encounter in a training session, 
that the act of asking for intermediate process state reports emulates one task of the shift supervisor 
during disturbance situations, and that in training sessions the simulator is frozen to discuss the 
current situation so they did not view the simulator freezes within SACRI as intrusive. 

Finally, data analysis has shown that the three question groups (past, present, future) each make a 
separate contribution to the overall score; as opposed to being repetitions of one another. Prediction of 
the future plays a particularly significant role in determining the SACRI score. This finding is 
important to SACRI's construct validity in that it illustrates how the measure of situation awareness is 
based on more than what the operator could have already seen happening in the proccss situation (ie, 
it is not merely a test of memory recall). Such an argument is further supported by examination of the 
experimental procedure used in deriving the measure of situation awareness: as discussed previously, 
the operator cannot prepare his answers in advance, since he/she does not know what disturbance 
scenarios will be introduced, when the simulator will be frozen, or what questions will be asked. In 
addition, there are too many process parameters for the operator to constantly monitor all of them: 
he/she must scan the process interface and deduce from this the status of non-observed parameters. 

4. CONCLUSION AND FUTURE WORK 

The findings from the four studies have shown SACRI to be a feasible measure of situation awareness 
for use in the Human Factors evaluation of process state information system interfaces. SACRI will 
supplement existing measures that have been unable to focus specifically on how the system interface 
affects the operators' developing awareness of the dynamic process state. 

Whilst further evaluation of SACRI is required, such as replicating the results obtained so far with a 
larger pool of licensed PWR crews, its development is considered to have reached the stage where it 
can be directly applied to a system evaluation. A first application will concern the Computerised 
Alarm System for HAMMLAB (CASH) [16], which is currently under development within Halden. 
This system will present alarm information to the operator in two separate displays: 1) a fixed 
overview display containing high-level alarm and process state information; 2) a selective alarm 
display in which the operator can request additional information such as alarm sequence lists, 
classified for example by priority, and alarm related process parameter trend diagrams. The 
development of this system has reached a stage in which two alternative designs for the overview 
display have been proposed. A simulator study will now be used as part of the process of choosing 
between these alternative design proposals. SACRI will be applied along with other performance 
indicators to provide a more complete evaluation of the effectiveness of each design proposal. 
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