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Abstract. Language comprehension is an important issue in fire alarm systems. 
This study focuses on the expression of temporal information in a fire situation. 
Both absolute time and relative time were designed to compare the expression 
types of temporal information. The time sequence and spatial sequence were 
designed to explore the expressions of a complicated fire that has more than  
one point of origin. A 5-point Likert scale and ranking task were used to eva-
luate the comprehensibility of different presentation forms. The results show  
that using absolute time to describe the point of origin of the fire and its spread-
ing state aided better comprehension. The mechanism and potential reasons are  
also discussed. In addition, some suggestions for future designs of fire alarm 
systems are proposed. 
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1 Introduction 

Based on modern information technology, Automatic Fire Alarm Systems could 
present any fire situation based on information from the smoke detectors. Communi-
cating the spread of fire efficiently and effectively will help firefighters save lives and 
property. When a fire alarm is received, firefighters need to first evaluate the fire situa-
tion as quickly and accurately as possible. How to represent a fire alarm in natural 
language was an important issue in the design of fire alarm systems. Most research has 
focused on speech intelligibility[1–4] but the human factors in a fire alarm system 
have rarely been studied[5]. There are still some psychological issues, such as working 
memory capacity and language comprehension, that need to be studied. 

The comprehension of natural language is one of the crucial issues in human–
computer interaction. Stevens conducted some research about intelligibility, natural-
ness, and preference of text-to-speech synthesis[6]. The issue of content expression of 
the message was not explored much. Based on this status and practical needs, we 
conducted some research about information presentation of fire alarm systems from a 
psychologist’s perspective. The manners of information presentation were compared, 
and we found that information presented by audio and text simultaneously was the best 
method for an En Route display of Fire Information [7, 8], confirming the results of Le 
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Bigot et al.[9]. We also conducted some research about the structure of language in the 
communicating the spread of fire[10] but we were unable to determine how to organ-
ize the specific information, such as temporal information, to present a fire alarm in 
natural language. 

This study investigates how to present the temporal information about a fire effec-
tively. Two questions need to be answered in this respect. First, how can the temporal 
information of a fire’s point of origin and the status of the fire’s spreading be pre-
sented? Absolute time and relative time were designed to evaluate both conditions.  
Furthermore, how can the temporal information about a fire with more than one  
point of origin be presented? We examined the case of a fire with two points of  
origin and designed two forms—time sequence and spatial sequence—to explore the 
comprehensibility of communication for a complicated fire situation. 

2 Method 

2.1 Participants 

Twenty firefighters from two fire brigades participated in this study. All were males, 
aged from 22 to 29 years. Each of them was paid for participation. 

2.2 Materials 

Scenarios  
Six fire scenarios were used in this research, including four scenarios with one point 
of origin and two scenarios with two points of origin.  

Presentation Forms  
Absolute time vs. Relative time 
There are two time points that should be present in a fire scenario—time referring to 
the point of origin and the time referring to the spread of the fire. Firefighters estimate 
the state of fire based on this information. The temporal information can be presented 
by an absolute or a relative reference. So four combination forms were designed in 
this study, as given below:  

─ OASR: Origin using absolute time, spreading using relative time. 
─ ORSR: Origin using relative time based on current time spreading also uses rela-

tive time based on current time  
─ OASA: Origin using absolute time, spreading also using absolute time. 
─ ORSO: Origin using relative time based on current time and spreading using rela-

tive time based on origin time. 

Each scenario can be presented in these four forms. Below is an example for one  
scenario (Table 1). In total, there were 24 descriptions used in this study. The room 
type and number were modified in order to avoid repetition and to guarantee the  
consistency of complexity of each scenario. 
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Table 1. Examples of four time presentation forms 

Form Origin time Point of fire Spread time Spread state 
OASR At 14:22 Smoke was first 

detected on the 
Ground Floor in 
Break Room 026. 

3 minutes later Smoke then 
spread to the First 
Floor, near Room 
130. 

ORSR 9 minutes ago 6 minutes ago 

OASA At 14:22 At 14:25 

ORSO 9 minutes ago 3 minutes later 

Time sequence vs. Spatial sequence 
For scenarios with two points of origin, the presentation of each origin was also  
studied. There are two forms to describe the alarm information: 

─ Time sequence (TS): In this form, all events, including the point of origin of the 
fire and state of spreading, are strictly described in time sequence. 

─ Spatial sequence (SS): In this form, all events associated with one floor were  
described, followed by another floor.    

The two scenarios with two points of origin were presented in both forms. See Table 
2 for examples. So, there were eight additional descriptions for scenarios with two 
points of origin. The room type and number were also modified. In total, there were 
32 descriptions used in this study.  

Table 2. Examples of presentation for a fire with two points of origin  

Form Example 
 

Time 
sequence 

(TS) 
 

At 16:10, smoke was first detected on the second floor in 
MECHANICAL ROOM 208 and on the tenth floor in the JANITOR’S 
Room 1006. Smoke quickly spread to the second floor CORRIDOR 
207. Smoke also quickly spread into the tenth floor CORRIDOR 1007. 
By 16:15, smoke was detected in the second floor STAIRWELL 2 and 
the third floor STAIRWELL 2. By 16:20, smoke had spread to the 
eleventh floor CORRIDOR 1100.  

 
Spatial 

sequence 
(SS) 

 

At 16:10, smoke was first detected on the second floor in 
MECHANICAL ROOM 208. Smoke quickly spread into the second 
floor CORRIDOR 207. By 16:15, smoke was detected in the second 
floor STAIRWELL 2 and the third floor STAIRWELL 2. At 16:10, 
smoke was first detected on the tenth floor in the JANITOR’S Room 
1006. Smoke quickly spread into the tenth floor CORRIDOR 1007. By 
16:20, smoke had spread to the eleventh floor CORRIDOR 1100.  

2.3 Questionnaires 

Questionnaires were used in this study to investigate how to present information relat-
ing to the fire alarm. Two measurement methods were used in this questionnaire: a  
5-point Likert scale and a ranking task. 
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•  5-point Likert scale.  

The Likert scale is the most widely used psychometric scale in survey research. A 5-
point scale was used in this study to evaluate the comprehensibility of every descrip-
tion subjectively. Five ordered response levels were chosen to represent the different 
comprehensibility levels (1 = Very hard to understand; 2 = Hard to understand; 3 = 
Neutral; 4 = Easy to understand; 5= Very easy to understand). 

• Ranking task.  

The ranking task directly investigates the participants’ preference. For four different 
temporal presentations, the participants were asked to rank the order according to 
their ease of understanding. For two forms that described alarm information for a fire 
with two points of origin, the participants were asked to choose which one was easier 
to understand. 

2.4 Procedure 

We recruited volunteers from two fire brigades to participate in this study. First, we 
introduced this study to firefighters and answered their queries about the question-
naire. Then, the firefighters filled in the questionnaires individually. In the first part of 
the questionnaire, participants had to evaluate all 32 descriptions of the fire situation 
on the 5-point Likert scale. It included four time presentation forms and two sequence 
presentation forms. However, the participants were not informed about the differences 
in this part of the questionnaire; all they had to do was rate these descriptions  
according to the ease or difficulty of understanding. In the second part of the ques-
tionnaire, the differences between the presentation forms were explained directly after 
each example. Participants had to rank them from easy to hard, based on their com-
prehensibility. Demographic information was also collected. It took 10 minutes for 
the firefighters to complete this questionnaire. 

3 Results 

The data were analyzed with SPSS 17.0. 

Time Presentation Forms 
The data of subjective evaluation scores for the four time presentation forms were 
analyzed using repeated measure with one within-subjects factor. The main difference 
in the time presentation forms was significant, F (3, 57) = 10.01, MSE = .20, p < .001. 
Paired comparisons reflected that the differences between other three forms and Form 
OASA were significant. Form OASA was much easier to understand for the firefight-
ers. The descriptive data are shown in Fig. 1. 
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Fig. 1. Subjective evaluation of the four time presentation forms 

.  

Fig. 2. Ranking results of the four time presentation forms 

Data from only 18 participants were collected in the ranking task because two par-
ticipants did not complete this task. The data were transformed at first. Participants’ 
results were scored based on the weighting factor for the ranking order: 4 for the first 
one, 3 for the second, 2 for the third, and 1 for the fourth. Then, the data were also 
analyzed using repeated measure of ANOVA. The analysis revealed a significant 
difference among the four presentation forms, F (3, 51) = 2.99, MSE = 1.5, p < .05. 
Paired comparisons showed that the differences between Forms ORSO and OASA, 
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and Forms ORSO and ORSR were significant. Form OASA fared better than Form 
ORSO, while Form ORSO fared the  worst in the last three forms. The details are 
shown in Fig. 2 

Sequence Presentation Forms 
For description of alarm information for fires with two points of origin, two  tasks 
were also applied to measure their comprehensibility. The data of subjective evalua-
tion points for the two sequence presentation forms were entered into a Paired-
Samples T-test. The difference between time sequence and the spatial sequence was 
not significant, t (19) = .72, p = .48. The descriptive statistics results are shown in 
Fig.3. For the ranking task, 18 participants answered the questionnaire. Ten of them 
chose the spatial sequence to present fire scenarios with two points of origin, while 
the other eight participants preferred the time sequence. No difference was found 
between the two forms by using the chi-square test. 

 

Fig. 3. Subjective evaluation of the two sequence presentation forms 

4 Discussion 

The main findings show that Form OASA is the best method to use in time presenta-
tion forms for better comprehension. Besides, no significant difference was found 
between the sequence presentation forms. 

For the time presentation forms, subjective evaluation and a ranking task were used 
to measure the comprehensibility of each description. A 5-point Likert scale was used 
as subjective evaluation to compare the differences among the forms. The score of 
Form OASA was much higher than the other three forms. For the ranking task, Form 
OASA was significantly better than Form ORSO. The differences between Form 
OASA and OASR, and Form OASA and ORSR were not significant, but there was a 
noticeable trend where Form OASA was better than Form OASR (3.00 vs. 2.44) and 
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Form ORSR (3.00 vs. 2.72). Form ORSO not only used relative time but also used 
two base points, which were hard to understand. Combining the results from the two 
tasks, it was concluded that using absolute time to describe a fire situation is better 
than using relative time. In firefighting, the fire conditions change quickly. A one-
minute delay could lead to great risk. Using absolute time could provide specific in-
formation. This information could reduce people’s mental workload, especially in the 
case of firefighters. They could process this information more quickly and react faster 
and more effectively. Besides, absolute time supplied a fixed time point, and fire-
fighters could refresh their situation awareness conveniently. This is important in 
emergency situations. 

For the sequence presentation forms, the same tasks were used to measure the 
comprehensibility of each description. There was no significant difference detected 
between the two forms in the two tasks, but a trend was seen in the data. The score of 
the spatial sequence form was higher than the time sequence form (3.14 vs. 3.05) in 
subjective evaluation. More firefighters thought spatial sequence was easier than time 
sequence in the ranking task. For fire scenarios with more than one point of origin, 
they were the key factor to describe the fire clearly. To describe a fire in time se-
quence could lead to ambiguity in people’s minds. Describing a fire in spatial se-
quence helps build a cognitive map of the fire conditions. It is then easier to infer  
the distribution and spread of a fire situation. The mission of firefighters is to put out 
a fire, so the spatial information is more important. Fire scenarios with more than  
one point of origin were too complicated to be described under these two methods. 
Further research could consider other options to study this issue. 

There are still some limitations in our research. First, we only used questionnaires 
to study the effect of temporal information. Simulation experiments and field studies 
could provide more method and data support for this research question. Second, a fire 
situation with more than one point of origin is very complicated but very common in 
everyday life. Describing a fire of this kind is an open question and deserves to be 
explored in depth. Finally, this study focused only on firefighters opinion. A fire 
alarm system should satisfy the need of the occupants, too. Thus, the scope of future 
research should extend to all kinds of people. 

5 Conclusion 

In sum, using absolute time to describe a fire’s point of origin and its spreading state 
was found to be better for comprehension. So, we recommend the use of absolute 
time in the future design of fire alarm systems. For a complicated fire with more than 
one point of origin, presenting the points of origin in a spatial sequence may be easier 
for people to understand. 
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