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Behavioral Characteristics in Emergencies1):  
Comparison Before and A�er a Time Limit

Mayuko UEDA*, Kazushige WADA*, and Shinnosuke USUI**

�e present study experimentally investigated human behavior in emergencies that cause high arousal levels. We 
focused primarily on comparing performances before and a�er a time limit. Participants carried out computer 
tasks of various levels of di�culty under three conditions: high arousal condition with a mock emergency situa-
tion; time pressure condition when only the time limit was displayed; and control condition which was the normal 
condition. Results indicated that participants were more likely to take action without regard for precision, before 
the time limit in the high arousal condition, compared to the other two conditions. On the other hand, participants 
improved their precision a�er the time limit compared to the time pressure condition. �ey were more likely to be 
thoughtful and engage in prompt action. �is result suggests that seriousness, is one of the factors that constitute 
an emergency situation, maintained motivation of participants to continue their tasks.
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Introduction

Work situations do not always happen in the same 
environment. Various emergencies are triggered by 
di�erent events. In an emergency, even the tasks that 
can be easily conducted under normal conditions 
take time and procedural mistakes occur on a daily 
basis. According to the Yerkes–Dodson law, accord-
ing to which, “there is an inverted U-shaped rela-
tionship between arousal level and performance. 
Performance decreases when levels of arousal are 
too high or too low” (Yerkes & Dodson, 1908). Per-
former’s arousal level becomes too high in emergen-
cies because of anxiety and stress from the environ-
ment. As a result, optimal performance becomes 
di�cult to achieve.

Emergencies were experimentally investigated in 
the water tank study by Kano (1983). In this study, 
an apparatus comprising a wooden panel, a water 
tank, water pipes, and light bulbs were developed. 
�e water tank was placed on top of the apparatus, 
such that water actually �owed out of the tank. Wa-
ter pipes were assembled beneath the tank in a 
maze, such that water would go through the pipes 

and reach the light bulbs. �e lights were set to turn 
on when the water reached them. �ere were square 
devices to change the water �ow that were called wa-
ter pipe junction switches that participants could 
use to change the path of the water �ow by rotating 
them. Once the water reached a light bulb, it drained 
out from an open faucet that had been kept open 
from the start of the experiment in four minutes and 
forty seconds. Kano requested participants to turn 
o� the lights by rotating the switches before the wa-
ter drained from the tank. �e emergency situation 
in this experiment was the draining of water from 
faucets, with the �oor getting soaked with the pas-
sage of time as a consequence.

Kano’s study indicated that the number of switch 
rotates per minute, and the number of switches used 
to complete a task increased signi�cantly in an emer-
gency, compared to a control task in which partici-
pants did the identical task presented on paper. �is 
suggests that in an emergency situation, participants 
would unnecessarily rotate switches without careful 
thinking. Moreover, they might not use other switch-
es that were critical for completing the task. Kano 
concluded that impulsive and thoughtless behaviors 

 1) �is study was conducted as part of a collaborative research, “Basic Study of Attention and Behavioral Characteristics under 
High Arousal Level,” with the Graduate School of Human Sciences, School of Human Sciences Osaka University.
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increased in emergencies. However, Kano used dif-
ferent apparatus for the control and emergency con-
ditions of the study (a paper model and an actual 
model, respectively) and compared the same depen-
dent variables, such as number of switches used in 
the two conditions, which reduced the reliability of 
the study. Moreover, Kano did not operationally de-
�ne an emergency situation, but merely analyzed a 
condition consisting of water �ow and a time limit, 
in which participant were in a hurry.

In the current study, we �rst de�ned an emergen-
cy situation and experimentally observed behavioral 
characteristics of emergencies. We developed a 
mock emergency situation in a laboratory setting, in 
which a computer-based water tank study task was 
assigned to participants. We hypothesized that a 
mock emergency situation would increase partici-
pants’ arousal levels based on the Yerkes–Dodson 
law, which we referred to as the “high arousal condi-
tion”.

We operationally de�ned an emergency situation 
by controlling two factors, “seriousness” and “time 
urgency.” Seriousness is a factor in which a task per-
former can fully predict the criticality of an event 
and time urgency is a factor in which the task per-
former can fully recognize the time limit for dealing 
with the event. Many researchers have suggested 
that these factors are essential for de�ning an emer-
gency (Abe, 1988; Hosoda & Inoue, 2000; Ikeda, 
1986; Toda, 1992). �erefore, we observed behavior-
al characteristics in an emergency by assigning par-
ticipants to carry out tasks in an environment in-
volving these two variables.

We developed a time pressure condition and a 
control condition, in order to compare performance 
under a high arousal condition de�ned as a mock 
emergency situation. Time urgency was incorporat-
ed into the procedure in the time pressure condi-
tion. On the other hand, neither time urgency, nor 
seriousness was incorporated into the control condi-
tion, which was de�ned as a normal situation, as op-
pose to an emergency.

�e high arousal condition in this study was de-
signed to �t at the right end of the inverted U-
shaped relationship described by Yerkes–Dodson 
law, in which high arousal greatly deviated from op-
timal performance represented by the lower right 
end of the curve. On the other hand, the control 
condition de�ned as a normal situation, in which 

the arousal level was hypothesized to be neither too 
high nor too low �tted at the top of the inversed U-
shaped curve. Furthermore, the arousal level of the 
time pressure condition was assumed to be between 
the high arousal and time pressure conditions, such 
that it was located below the top of the inverted U-
shaped curve, but above the high arousal condition. 
We compared participants’ performance between 
these three conditions.

�e second objective of the present study was to 
investigate di�erences in between behavioral charac-
teristics before and a�er a time limit. We set this ob-
jective because in various work situations, individu-
als are assigned to complete a task within a certain 
time, whether or not it is an emergency. In such sit-
uations, individuals and organizations usually make 
an e�ort to complete their tasks as early as possible. 
However, it is always possible to fail to complete the 
tasks within the time limit. Possible reasons for this 
might be that the performer paid more attention to 
safety, or because the task was more di�cult than 
expected. �is suggests that factors in�uencing be-
havior, including goals and motivations might 
change signi�cantly before and a�er the time limit. 
Moreover, behavior may also change as a conse-
quence of the time limit. During an emergency, the 
degree of behavioral change might be highly signi�-
cant. According to the de�nition of an emergency, 
both seriousness and time urgency factors a�ect 
one’s behavior signi�cantly before the time limit. 
�e seriousness factor may continue to have a sig-
ni�cant e�ect a�er the time limit, whereas the time 
urgency factor may have a weaker e�ect. We con-
ducted this comparison because we believe that ex-
amining the di�erences in behavioral characteristics 
between before and a�er the time limit will help us 
prevent human error in the future.

Objectives

�e �rst objective of this study was to experimen-
tally observe behavioral characteristics of emergency 
situations that had been operationally de�ned. �e 
second objective was to observe changes in behav-
ioral characteristics in emergency situations before 
and a�er a time limit.

�e present study examined the following hy-
potheses: 1. Behavioral characteristics in emergency 
situations before a time limit would follow the Yer-
kes–Dodson law and performance would decrease 
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compared to control, time pressure, and high arous-
al conditions, in that order. 2. Time urgency in the 
high arousal condition would decrease and perfor-
mance would improve a�er the time limit compared 
to that before the time limit.

Method

Participants
With the support of a temporary employment 

agency, 29 physically and mentally healthy men par-
ticipated in the experiment (age range: 22–32 years 
old, average age: 24.3 years old). �e participants 
had a visual acuity of 0.7 or better without glasses or 
contact lenses. Also, all were right handed. As a 
monetary reward for participation, participants re-
ceived 10,000 yen. However, participants were in-
formed in advance that the amount could be re-
duced up to 5,000 yen, depending on their 
experimental results.
Experimental task

Figure 1 shows the task used in this experiment. 
�is �gure shows the water pipe game, in which wa-
ter was run from a water tank to a speci�ed goal, 
displayed on a large monitor (Liquid Crystal Display 
LDT551 V by Mitsubishi). �is task has been modi-
�ed based on the experimental task used by Kano 
(1938). �e contents of the task were nearly identical 
to our previous studies (Ueda, Wada & Usui, 2013; 
Ueda, Wada & Usui, 2015). We will explain the de-
tails below.

Description of the task　As indicated in Figure 
1, the water �rst �ows into the water pipe from the 
water tank on top, the water then travels through 
di�erent paths of water pipes and through the 
switchable quadrate water pipes (hereina�er referred 
to as “switch”), and �nally �ows out to the seven 

light bulbs, either red or yellow. �ere were four 
types of switches: oblique shaped, cross shaped, T-
shaped, and L-shaped. By combining these 4 types 
of 23 switches, participants could change the direc-
tion of water �ow. Water �ow was displayed in light 
blue if the water was passing through and in black if 
it was not. Switches were designed to be rotated by a 
mouse click. Each single click made the switches ro-
tate by 90 degrees. Participants needed to le� click 
for a clockwise rotation and right click for a counter-
clockwise rotation (�ere were also opposite cases 
because the setting was counterbalanced between 
participants). When participants interrupted and 
stopped the �ow of water running from the water 
tank to the light bulbs by rotation the switches, 
lights were turned o� and changed to dark gray. Al-
though we presented the water pipe task with both 
red and yellow light bulbs at the start of di�erent 
tasks, the number of lighting and the locations were 
di�erent for each trial.

Task goal　�e goal of this task was to turn o� 
all red lights while keeping yellow lights turned on. 
However, participants were instructed to try to use 
the switches as little as possible under any circum-
stances.

Levels of di�culty　�ere were four levels of 
di�culty in this task. �ese levels were determined 
by the smallest possible number of times a task per-
former clicks to accomplish the goal (1 time/6 
times/9 times/15 times). Also, the order of di�erent 
levels of di�culty of the tasks was counterbalanced 
between participants.
Arousal conditions

In the present study the water pipe task under was 
conducted under three types of conditions: high 
arousal condition, time pressure condition, and con-
trol condition. Each condition is explained below.

High arousal condition (HA)　By creating a 
mock emergency situation, we set the HA condition 
to fully represent the time urgency and seriousness 
factors. We instructed participants to try to com-
plete the task within the time limit. However, if they 
could not complete the task within the time limit, 
they were required to continue working and com-
plete the task. Each setting is explained below.

(a) Time limit display　�e time limit was dis-
played on a time limit counter on the bottom le� 
part of the monitor in red. �e countdown began af-
ter a one-second interval from 100 s. When the time Figure 1　Example of the water pipe task
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reached 0, the display was automatically removed.
(b) Warning lights　LED lights were turned on 

from the start of the task (International Organiza-
tion for Standardization, 1996). Standards for �ash-
light coding (ISO11428: 1996) and for color stimuli 
(ISO11429: 1996) were used. �e 100-s time limit 
was divided into 4 stages of 25 s and the frequency 
of �ashing increased as the stage increased. In the �-
nal stage, the light kept �ashing without a pause. 
Also, the color of the �ashing light gradually 
changed in each stage from green, blue, yellow, and 
to red.

(c) Warning sound　From the start of the exper-
iment, a pure tone of 2 kHz (approx. 85 dB(A)) was 
presented. For auditory settings were conducted ac-
cording to Mizutani, Matsuoka, & Komatsubara 
(1997) and Yamauchi, Takada, & Iwamiya (2003) in 
addition to the standard (JIS S 0013: 2011) of the 
Japanese Standards Association (JSA) (2011). �e 
number of consecutive times and pause durations of 
auditory stimuli were synchronized with the �ash-
ing frequency and pause duration of visual stimuli.

(d) Warning wind　A strong wind (wind speed: 
approx. 6.67 m/s) was presented using a large facto-
ry fan (TFZ-45SA by Trusco) 25 s before the time 
limit, based on a previous study, suggesting wind 
presentation increases arousal (Sakamoto, Nozawa, 
Tanaka, Mizuno, & Ide, 2006).

(e) Instruction for monetary reward　Before 
starting the task, we informed participants that the 
monetary reward could be reduced from 10,000 yen 
up to 5,000 yen based on the average results of their 
4 sets of HA performance. �is was based on the 
�ndings of previous studies that a performance-de-
pendent monetary reward causes pressure, and that 
an unstable reward system causes panic (Gray, 2004; 
Mintz, 1951). Although monetary reward in our 
previous study was 6,000 yen (Ueda et al., 2013), we 
increased the amount to 10,000 yen in order to bet-
ter meet the requirements for seriousness, based on 
a previous study suggesting a higher monetary re-
ward is more likely to cause anxiety than a lower re-
ward (Mobbs, Hassabis, Seymour, Marchant, Weis-
kopf, Dolan & Frith, 2009). However, in fact, we 
disclosed the objective of the experiment at the de-
brie�ng a�er the experiment paid participants the 
full amount of 10,000 yen regardless of the results of 
their performance.

(f) Display of the number of clicks　When par-

ticipants clicked on the switches, the click number 
was displayed on a click counter at the right bottom 
of the monitor screen. �is showed participants that 
the number of clicks was also used to determine 
their performance. By sequentially presenting an in-
creasing number of clicks, we aimed to cause pres-
sure that could reduce in the monetary reward.

Time pressure condition (TP)　In the TP condi-
tion, only the display of the time limit was imposed 
on participants. �e time limit was displayed in the 
same manner as the HA condition, but there were 
no warning lights, warning sounds, warning winds, 
instruction of monetary reward reduction, or a dis-
play of the number of clicks. However, similar to the 
HA condition, participants were instructed to try to 
complete the task within the time limit. If they could 
not complete the task within the time limit, they 
were required to continue working and complete the 
task.

Control condition (CT)　�is CT condition was 
perceived as the normal state. No conditions were 
imposed on participants, and there was neither a 
display of the time limit, warning signals, nor in-
structions of monetary reward reduction. Partici-
pants were allowed to take as long as they needed 
for the task. We instructed participants to think 
slowly and complete the task.
Procedure

First, the water pipe task was explained to partici-
pants, “�e goal of the task is to turn o� only the red 
lights. You can get higher points if you accomplish 
the goal with less switch presses, so please try your 
best to turn o� the lights by rotating the switches a 
minimal number of times”. Instructions in di�erent 
conditions were as follows: In HA and TP, partici-
pants were instructed, “Please try to reach the goal as 
quickly as possible within the time limit. If you are 
unable to complete the task within the time limit, 
you may continue until you �nish the task. However, 
�nishing the task within the time limit is one of the 
factors for earning a good score. Your score would 
decrease signi�cantly, a�er 100 seconds”. In the HA 
condition participants were additionally instructed, 
“�e monetary reward might decrease depending on 

your score”. In CT, participants were instructed, 
“�ere is no time limit. You can take as long as you 

want, so think through and complete the task”. A�er 
the instructions, participants practiced the task three 
times before starting the experimental trials.
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�is study had a within-participant design; there-
fore, each participant engaged in all three, HA, TP, 
and CP conditions, and engaged in all levels of di�-
culty, 1, 6, 9, and 15. �e order of the three arousal 
and four levels of task di�culty were counterbal-
anced between participants. During the study, par-
ticipants took a break for approximately �ve minutes 
a�er every four trials. �e duration of the experi-
ment was approximately 2 h, including the instruc-
tions, practice sessions, actual trials, and a debrief-
ing a�er the experiment. Also, in all conditions, we 
instructed participants to continue working until 
they achieved the goal, regardless of whether there 
was a time limit, or not. However, if they could not 
achieve the task a�er 15 min (900 s), we regarded 
their performances as a failure and informed them 
to discontinue the task.

Results and discussion

�e independent variables of the present study 
were arousal conditions (3 levels: HA/TP/CT) and 
levels of di�culty (4 levels: Level 1/Level 6/Level 9/
Level 15). �e dependent variables were time re-
quired to complete the tasks (hereina�er referred to 
as “necessary time”), the total number of clicks (“to-
tal clicks”), as well as the average idling time be-
tween clicks (“click interval times”). 

We separately analyzed the total clicks and click 
interval times before the time limit (0 to 100 s) and 
a�er the time limit (100 s to completion of the task).

First, we conducted a within participants, two-
factor analysis of variance (Two-way ANOVA) on 
time (See Figure 2). Results indicated that the inter-
action between arousal conditions and levels of di�-
culty was signi�cant (Levels of di�culty: F(3, 84)＝
113.666, p＜.001; Interaction: F(6, 168)＝2.895, 
p＜.05). Since there was a signi�cant di�erence in 
the interaction, we subsequently conducted a simple 

main e�ects test. Results indicated that the simple 
main e�ects of levels of di�culty were signi�cant in 
all arousal conditions (HA: F(3, 252)＝26.053, 
p＜.001; TP: F(3, 252)＝58.532, p＜.001; CT: F(3, 
252)＝48.445, p＜.001). �erefore, we conducted a 
multiple comparison. Results indicated signi�cant 
di�erences in all combinations of di�culty levels 
(All: p＜.05) in all arousal conditions, with the ex-
ception of the combination between 9 and 6 times. 
On the other hand, when the di�culty was Level 15, 
there was a signi�cant di�erence in arousal (F(2, 
224)＝8.038, p＜.001). So, we conducted a multiple 
comparison, which indicated signi�cant di�erences 
between HA and TP, and between HA and CT (All: 
p＜.05).

Figure 2 shows the results of the above analysis, it 
can be seen that in all the arousal conditions, partic-
ipants took a longer time as the task became more 
di�cult. Additionally, when the di�culty level of the 
task was Level 15, they took the shortest time in HA.
Results before the time limit

We analyzed the data before the time limit, from 
the start of the task up to 100 s. First, we conducted 
a two-way ANOVA among participants with total 
number of clicks as the depended variable (Figure 
3). Moreover, results indicated the following signi�-
cant and marginal di�erences: the main e�ect of 
arousal conditions, the main e�ect of levels of di�-
culty, and the interaction between arousal condi-
tions and levels of di�culty (Arousal conditions: 
F(2, 56)＝14.939, p＜.001; Levels of di�culty: F(3, 
84)＝95.131, p＜.001; Interaction: F(6, 168)＝1.907, 
p＜.10). Since a marginal di�erence was observed in 
the interaction, we subsequently conducted a simple 
main e�ect test and found signi�cant di�erences of 
levels of di�culty in all arousal conditions (HA: F(3, 
252)＝39.553, p＜.001; TP: F(3, 252)＝25.338, 
p＜.001, CT: F(3, 252)＝19.268, p＜.001). �ere-

Figure 2　Time needed for the task Figure 3　Total clicks (before the time limit)
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fore, we conducted a multiple comparison, which 
indicated that signi�cant di�erences between all lev-
els of di�culty were found in HA. Similarly, signi�-
cant di�erences between the di�culty at Level 1 
time and other levels 6, 9, and 15 were found in TP 
and CT (All: p＜.05). On the other hand, when the 
di�culty levels were 15 and 9, the simple main ef-
fects of arousal conditions were signi�cant (Level 15: 
F(2, 224)＝7.637, p＜.001; 9 times: F(2, 224)＝6.514, 
p＜.005). �erefore, we conducted a multiple com-
parison, which indicated that when the di�culty 
level was 15, signi�cant di�erences were found be-
tween HA and TP and between HA and CT. More-
over, when the di�culty level was 9 times, signi�-
cant di�erences were found between HA and CT 
and between TP and CT (All: p＜.05).

As can be seen in Figure 3, in all arousal condi-
tions, the number of clicks increased as the level of 
di�culty increased. Additionally, when the di�culty 
levels were 15 and 9, the number of clicks increased 
as the arousal condition increased in severity start-
ing from CT to TP and then to HA.

Next, we conducted within subjects two-way 
ANOVA on click interval times (See Figure 4) simi-
lar to the above analysis. When the di�culty was 
Level 1, the total number of clicks was less likely to 
exceed 10 times due to the easiness of the task, com-
pared to other levels of di�culty (See Figure 3). 
Click interval time is the average time of click inter-
vals. Accordingly, when there are only a few num-
bers of clicks, and it is impossible to obtain an accu-
rate value. �erefore, we deleted the data of the 
di�culty Level 1 time and conducted the same anal-
ysis. �e results indicated that the main e�ect of the 
arousal conditions was signi�cant (F(2, 56)＝17.292, 
p＜.001). We subsequently conducted a multiple 
comparison, which indicated a signi�cant di�erence 
between HA and CT, and between TP and CT (All: 

p＜.001).
As can be seen in Figure 4, there were not changes 

in the click interval times, even when the task be-
came more di�cult. Additionally, the results re-
vealed that participants had shorter click intervals as 
the arousal condition became more severe.
Results a�er the time limit

We also analyzed the data from 100 s to the com-
pletion of the task (See Figure 5). First, we conduct-
ed a within subjects two-way ANOVA on total 
clicks, similar to the pre-time limit analysis. In this 
analysis, unlike the results before the time limit, a 
signi�cant di�erence was observed only in the main 
e�ect of the di�culty level (F(3, 84)＝61.892, 
p＜.001). We subsequently conducted a multiple 
comparison, which indicated a signi�cant di�erence 
in all combinations of di�culty levels (All: p＜.05), 
with the exception of the combination between 9 
times and 6 times.

As can be seen from Figure 5, we �rst found that 
participants increased total clicks as the task became 
more di�cult. We also found that di�erent arousal 
conditions did not a�ect the number of clicks.

Next, we conducted within subjects two-way 
ANOVA on click intervals (See Figure 6), similar to 
the previous analysis. However, to conduct the anal-

Figure 5　Total clicks (a�er the time limit)

Figure 6　Click interval time (a�er the time limit)Figure 4　Click interval time (before the time limit)
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ysis, we deleted the data of di�culty Level 1, similar 
to the analysis of click intervals, before the time lim-
it. Results indicated that unlike the results before the 
time limit, the main e�ect of di�culty was also sig-
ni�cant in addition to the main e�ect of arousal: 
Arousal condition (F(2, 56)＝5.550, p＜.01; Levels 
of di�culty: F(2, 56)＝16.519, p＜.001). �erefore, 
we conducted a comparison analysis for each main 
e�ect, which indicated signi�cant di�erences in 
arousal conditions between HA and TP, and be-
tween TP and CT (All: p＜.05). Similarly, signi�cant 
di�erences in levels of di�culty were observed be-
tween Level 15 and 9 and between Level 15 and 6 
(All: p＜.05).

As can be seen in Figure 6, click intervals in-
creased in duration as the task became more di�-
cult. Additionally, participants had the shortest click 
interval times in TP. Results of the ANOVA are 
shown in Table 1.
Discussion of data before the time limit

�e data analysis before the time limit indicated 
that necessary time and total clicks increased as the 
level of di�culty increased. �is �nding was not a 
surprising because we manipulated the di�culty 
levels by the smallest possible number of times a 
task performer clicks to accomplish the goal. �ese 
results indicate that the levels of di�culty were ap-
propriate.

As the arousal condition became more severe, the 

number of clicks increased and click intervals be-
came shorter. Click intervals refers to the idling time 
between clicks. �is idling time can be regarded as 
thinking time when participants are not engaged in 
any behavior, but are thinking about things such as 
which direction should they rotate which switch, or 
which water �ow should they stop to turn o� the red 
lamp. �ese analysis results show that despite our 
instruction to click as little as possible, participants 
still clicked more and spent less time thinking just 
by being in a di�erent environment, which was like-
ly increase their arousal level.

In contrast, the levels of di�culty had no major 
e�ects on click intervals. �is result is incongruent 
with those shown in Figure 3. However, this di�er-
ence might have been caused by more participants 
completing the task within the time limit at lower 
di�culty levels. Moreover, the time limit of 100 s 
might have been too short to detect subtle di�erenc-
es in di�culty, considering that di�culty level did 
not a�ect the click interval. As the task di�culty in-
creased and a�er clicking a certain number of times, 
participants might have realized that they needed to 
think carefully. �erefore, it is possible that appara-
tus used in the present study and the level of task 
di�culty that was used did not a�ect the duration of 
click intervals.

�ese results describe similar tendencies to our 
previous study (Ueda et al., 2013), which is indica-
tive of the robustness of behavioral characteristics 
about performance before the time limit described 
above.
Discussion of data a�er the time limit

Results a�er the time limit indicated that partici-
pants increased the number of clicks as the task be-
came more di�cult. �is result was in line with the 
results before the time limit, con�rming again that 
the levels of di�culty were appropriate. However, 
other results were completely di�erent from the re-
sults before the time limit. To �nd out the cause, it is 
necessary to examine previous studies and other 
data in more detail. Here we will only sum up the 
di�erences in results between before and a�er the 
time limit and further discuss the �ndings in the fol-
lowing Comprehensive Discussion.

First, as the task became more di�cult, partici-
pants had longer click intervals, as the level of di�-
culty increased; participants were increasingly re-
quired to manipulate an increasingly complicated 

Table 1　Results of ANOVA

Dependent 
variable

Factor F p

Time needed for  
the task  
(Figure 2)

Arousal conditions F(2, 56)＝0.826
Levels of di�culty F(3, 84)＝113.666 ****
Interaction F(6, 168)＝2.895 *

Total clicks (before 
the time limit) 
(Figure 3)

Arousal conditions F(2, 56)＝14.939 ****
Levels of di�culty F(3, 84)＝95.131 ****
Interaction F(6, 168)＝1.907 ＋

Click interval time 
(before the time 
limit) (Figure 4)

Arousal conditions F(2, 56)＝17.292 ****
Levels of di�culty F(2, 56)＝1.255
Interaction F(4, 112)＝0.840

Total clicks (a�er the 
time limit)  
(Figure 5)

Arousal conditions F(2, 56)＝1.541
Levels of di�culty F(3, 84)＝61.892 ****
Interaction F(6, 168)＝1.163

Click interval time 
(a�er the time 
limit) (Figure 6)

Arousal conditions F(2, 56)＝5.550 **
Levels of di�culty F(2, 56)＝16.519 ****
Interaction F(4, 112)＝0.395

＋ p＜.10, * p＜.05, ** p＜.01, *** p＜.005, **** p＜.001
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�ow of water and rotate of switches. �erefore, it 
seems natural for them to increase their thinking 
time, as they were working by trial and error. How-
ever, this tendency was only observed in the behav-
ior a�er the time limit. Before the time limit, there 
were no changes in click intervals resulting from dif-
ferent task levels.

Click intervals in TP were shorter, implying that 
in TP, people spend the least amount of time for 
thinking. �is tendency was observed only for a�er 
the limit. �erefore, we concluded that di�culty lev-
els and arousal conditions were highly likely to have 
di�erent mental e�ects on participants’ before and 
a�er the time limit.

Comprehensive discussion

First, we found that arousal conditions had di�er-
ent e�ects before and a�er the time limit, even in the 
performance of the same participant. �e analysis 
indicated that participants increased the number of 
clicks and had shorter click intervals, before the 
time limit as the arousal condition became stricter. 
In contrast, participants had the shortest click inter-
val times in TP a�er the time limit.

We developed a model diagrams representing be-
havioral characteristics before and a�er the time 
limit; Figures 7 and 8 respectively. In order to clearly 
show the di�erences in each arousal condition, these 
model diagrams demonstrate only the most di�cult 
task, with a di�culty level of 15.

Figure 7 shows the most di�cult task. It was near-
ly impossible for participants to complete the task 
within the time limit. �erefore, there are no di�er-
ences in time between arousal conditions, as shown 
by the lengths of the three arrows represent elapsed 
time. However, as the arousal becomes more severe, 
participants clicked the mouse more o�en. �e im-
ages of the hand over the mouse (hereina�er re-
ferred to as “mouse image”) representing the num-
ber of clicks that participants clicked relatively few 
times in CT, but increased the number of clicks in 
TP and HA. �is �nding suggests that as the arousal 
level increases, individuals are more likely to per-
form any action, regardless of its appropriateness.

Similarly, participants click interval become short-
er as the arousal condition became more severe. It 
can be seen from the diagram that the intervals of 
mouse images are narrower as the pressure increases 
from CT to TP and then to HA. �is �nding suggests 

that as the arousal level increases, individuals are 
more likely to think more shallowly and engage in 
impulsive behaviors. �is tendency was also ob-
served in our previous study (Ueda et al., 2013). Be-
havioral characteristics before the time limit in this 
study suggest that individuals are more likely to take 
temporary action without deep thinking.

Figure 8, also demonstrates the most di�cult 
tasks. �e length of the arrow representing elapsed 
time is the shortest in HA, identical to the results for 
necessary time. �is shows that participants were 
capable of taking relatively prompt goal achievement 
behavior a�er the time limit, which is an emergency 
situation, only in di�cult tasks.

On the other hand, behavior a�er the time limit 
indicated that participants had the shortest click in-
tervals in TP. As can be seen in Figure 5, although 
the total number of clicks did not di�er signi�cantly, 
participants had the highest click rate in the TP con-
dition under the highest level of di�culty, compared 
to the arousal condition. �is suggests that if time 
pressure were the only stress a�er a time limit, indi-
viduals would spend less time thinking and would 
act more slowly than in emergencies, only when the 
task was di�cult.

If a participant could not complete the task a�er 
15 min (900 s), it was as a failure and forced the par-
ticipant to discontinue the task. In fact, almost all 
dropouts were from the most di�cult task, although 
the number of participants was di�erent between 
the arousal conditions.

As can be seen from Figure 9, largest number of 
participants dropped out in TP, although the di�-

Figure 7　Performance model before time limit

Figure 8　Performance model a�er time limit
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culty level was identical among the three conditions. 
We conducted a Cochran’s Q test with the number 
of dropouts as a dependent variable and arousal 
conditions HA/TP/ and CT as independent vari-
ables, which results indicated a marginal di�erence 
in the main e�ect of arousal conditions (Q(2)＝
4.667, p＜.10). A multiple comparison indicated 
that none of the results were signi�cant, although 
the relationship between HA and TP was p＝.11.

We could not conclude that there was a statistical 
di�erence between arousal conditions from the 
above results. However, the number of dropouts in 
TP indicates that 1 in 3.6 persons consequently dis-
continued the task, suggesting a high probability of 
dropping out, probably because participants no lon-
ger thought deeply when time pressure was the only 
factor being imposed a�er the time limit.

HA and TP had the identical time limit of 100 s, 
however, participants stopped thinking deeply in TP, 
but not in HA, because task seriousness was not in-
cluded as a condition. Also, no damage would be 
caused even if participants discontinued the task. 
We can imagine this result by applying this �nding 
to the expectancy-value theory, the famous model of 
achievement motivation (�e expectancy-value the-
ory is a general term for theories that de�ne individ-
ual’s behavior as a function of expectancies for goal 
achievement and values of the goal (incentive value; 
Akai, 1999). No certain results were to be expected 
in TP even if participants continued the task. If par-
ticipants felt the task was too di�cult for them, they 
could not �nd a subjective reason for continuing the 
task. Additionally, since the time limit was set in TP, 
which was unlike in CT, participants probably expe-
rienced a feeling of failure when they exceeded the 
time limit and the feeling of failure sharply de-
creased their achievement motivation. �e classical 

study on level of aspiration conducted by Hoppe, 
also indicated that the level of aspiration decreases 
a�er a failure and could lead to the negation of a 
task (Seki, 1970).

In contrast, participants were able to take relative-
ly prompt goal achievement behavior in HA a�er 
the time limit. �ey were capable of taking action af-
ter thinking. �is behavior was presumably due to 
the consistent seriousness, which remained even af-
ter the time limit in HA. Since the time limit had 
passed, the e�ect of time urgency could have be-
come weaker. However, the goal (seriousness) of 
maintaining the monetary reward remained among 
participants. Accordingly, participants maintained 
the motivation to continue with the task, even re-
gardless of its di�culty. �is psychological e�ect 
clearly attributes to the behavioral characteristic. 
�is can be observed in the results of necessary time 
when the di�culty Level was 15. Participants had 
the shortest necessary time in HA because there was 
a clear seriousness, which was absent in TP and CT. 
�is made prompt achievement behavior possible 
even a�er the time limit.

�e Yerkes–Dodson law indicates that perfor-
mance decreases in high arousal conditions. Howev-
er, a�er the time limit in the present study, perfor-
mance improved in the HA condition. �is could be 
because the time urgency was reduced and the 
arousal level remained stable while motivation was 
maintained.

�e generalization of the results of this study 
must be done carefully. In the present study, serious-
ness was de�ned as the reduction of monetary re-
ward; however, it is possible that changing the con-
text of seriousness would a�ect performance. For 
example, when a plant operator faces an emergency 
situation in real life that is similar to the simulation 
used in this study, the seriousness of the emergency 
would at �rst be related to how fast the operator is 
able to stop the water leak. A�er a certain time has 
passed, however, the context of seriousness would 
change to minimizing the damage caused by the 
leak. Seriousness in this real life example, and seri-
ousness de�ned by reduced monetary reward in the 
present study are very di�erent. �us, in the future it 
would be important to de�ne seriousness in di�er-
ent situations, and observe behavioral characteristics 
during emergencies, before and a�er the expiration 
of time limits.

Figure 9 Number of task dropouts (persons) (Di�culty 
Level 15 only)
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Conclusion

Behavioral characteristics in emergencies be-
fore the time limit　Individuals are likely to take 
temporary action, without deep thinking.

Behavioral characteristics in emergencies a�er 
time limit　Individuals do prompt and thoughtful 
behavior, up to a certain level.

Individuals’ behavior declines before the time 
limit in emergencies compared to normal. However, 
certain behaviors became positive a�er the time lim-
it, suggesting that a clear goal (seriousness) should 
be maintained in emergencies, even a�er the time 
limit.
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