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2.3.5 Proof testing 
 
Figure 10 summarises the proof testing process for safety related alarms. 
 
Periodic proof testing should cover: 
 

Confirmation that the plant sensors and alarm system correctly delivers 
the alarm to the operator interface. 
Confirmation that the operator can be expected to respond in the correct 
manner through steps such as the provision of documented procedures, 
refresher training and periodic assessment and accreditation. 
Confirmation that the operator acknowledges the alarm and responds 
correctly.  This can be achieved through scenario testing and checking the 
operator response against the documented procedures. 
Periodic re-validation that the alarm system is still properly set-up and the 
overall rate of alarms and the rate of spurious and nuisance is still 
acceptable. 

 

 
 

Figure 10 Proof testing of safety related alarms 

IEC 62682:2014 © IEC 2014 – 33 – 

 

 

Figure 4 – Alarm response timeline 

5.4.2 Normal (A) 

The normal alarm state is defined as the state in which the process is operating within normal 
specifications, the alarm is inactive and all past alarms have been acknowledged.  

5.4.3 Unacknowledged (B) 

The unacknowledged alarm state results when the measurement crosses the alarm setpoint. 
There are several factors that affect the alarm annunciation such as 

a) the measurement accuracy, 
b) the sampling interval, and 
c) the alarm on-delay. 

The alarm is not always immediately acknowledged by the operator. 

5.4.4 Acknowledged (C) and response 

The acknowledged alarm state is reached when an operator acknowledges the alarm 
condition, after the acknowledge delay. In this state the alarm is active. There are several 
factors that affect the operator response time such as 

a) the system processing speed, 
b) the HMI design and clarity, 
c) the operator awareness and training, 
d) the operator workload, 
e) the complexity of determining the operator action, and  
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the Area for the alarms. The priority column (green-
circled) was given little to no attention. 

temperature readings would become unavailable if 
the engine protection system had been able to take 
executive action and shut down the engine. 
Table 11. Time intervals of the design basis event of the 
sticking control valve.  

Time 
interval 

(min:sec) Comments 

TIindication 03:05 Indication starts alarm on too high 
temperature for the LT FW circuit 

TIAcknowledgement 00:02 We discard tAck in the analysis as 
discrimination is delayed (part of 
diagnosis) 

TIdiagnosis 12:44 Engineering team decides to 
manually (physically) exercise the 
control valve through its range of 
motion 

TIdead 04:42 Time taken for 1st Eng. to locate 
control valve, acquire tools and get 
in position to exercise control valve 

TIoperator 02:34 Time taken to manually exercise the 
control valve (in both directions) so 
that it can ‘home-in’ on its setpoint  

TIprocess 00:08 Time taken for LT FW cooling temp. 
to reach normal operating envelope 

TItotal 23:34 Sensor, operator and process 
response time including diagnosis 

TIsafety -20:33 The time at which the LT FW cooling 
temp. should have been normalised 
to avoid the engine protection 
system initiating automatic load 
reduction, followed by shutdown 

 
 
8 RESULTS AND DISCUSSION 
We structure the presentation of results according 
to the operator time intervals in Figure 12. 

8.1 Acknowledgement time (TIacknowledgement) 
In the simulators, we observed the time interval of 
TIacknowledgement to be negligible, showing only a few 
seconds of delay from tInd (Figure 18). 

 
Figure 18. Distribution of TIacknowledgement (simulator data). 

With regards to ships operating with unattended 
machinery spaces (UMS), TIacknowledgement will be 
another matter altogether, as the watchkeeping 
engineer on duty may be elsewhere than the ECR 
and, in some cases, resting in a cabin.  

Conversations with crews on large cargo ships 
have revealed that the time it takes to reach the 
ECR from the cabins can be upwards of 7 minutes.  

8.1.1 Impact of nuisance and false alarms 
In field studies, we observed that watchkeepers do 
not initiate diagnosis upon acknowledgement (tack) 
if their mental model believes the alarm to be false. 
In such instances, they either sought or waited for 
confirmatory information. In one case, TIdiagnosis was 
extended up to 10 minutes (Table 11). Naturally, 
this behaviour is driven by the context of alarm 
systems' usability (or lack thereof), which also 
aligns well with established research on human 
factors [39]. 

8.1.2 User behaviours with several alarms 
active at once. 

We observed that the user's gaze dwells first on the 
TagID (unique identifier) and alarm description 
(contextual information), and then the plant area. 
The watchkeeper would then navigate to a 
subscreen (screen in the screen) or adjacent HMI 
containing the process mimic of the alarm variable 
or system (Figure 22).  

 
Figure 19. Dynamic heatmap of gaze fixations for the 
same alarm list HMI as above. Analysis shows heavy 
concentration on alarm messages and the area. 

Given the high rate of alarms (82 to +100 per hour), 
it was unexpected that the watchkeeper's attention 
allocation (gaze fixations) seldom dwelt on the 
alarm's priority (Figure 19, Figure 20).  

 
Figure 20. A watchkeeper's gaze dwells on the alarm list 
display during observational studies. The primary 
attention allocation (gaze fixations) was observed to be 
on the Tag description, the unique identifier (TagID) and  
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After all, the primary idea for alarm prioritisation is 
to help the user decide what to respond to first 
when there are too many alarms to deal with at 
once. Yet several high-priority alarms were not 
acted upon immediately, and several low-priority 
ones were. As we initially found those observations 
worth a deeper look, we conducted a time-
consuming qualitative annotation of 15 consecutive 
alarms handled by the participants, selected from a 
randomly chosen time interval of the recordings 
(Figure 21).  
These showed that watchkeepers did not dwell on 
the alarm's priority (0 dwell time for 37 of 51 
instances). Whereas the opposite behaviour was 
observed for the Tag and Description (0 dwell time 

in 6 of these 51 instances). When dwell fell on 
priority, it averaged 141ms vs 2277 ms for the Tag 
and its description string.  

Watchkeepers explained that the alarm descriptors 
(Area, TagID, and Tag description and message), 
including the associated mimics, gave them more 
context on the alarm's importance and what to do. 

Although a tad controversial, it appears that priority 
categorisation is less important to end-users than 
commonly thought. At least one cannot expect a 
higher-priority alert to be attended to first. It also 
appears decisive that alarm messages are 
understandable, as this is used for diagnosis. 
 

Figure 22. Dynamic gaze trajectory mappings with fixation lengths between 300ms (smallest circles) and +1000ms 
(largest circles) on the alarm list HMI on a large passenger ship. 

Figure 21. Alarm list HMI attention allocation (Gaze dwell duration) qualitatively annotated for 15 consecutive alarms 
observed in randomly sampled eye-tracking recording intervals lasting 5-12 minutes. 
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