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Introduction
　Monitoring by others promotes generosity in 
economic games, not only in adults (Bereczkei, Birkas, 
& Kerekes, 2007; Iredale, Van Vugt, & Dunbar, 2008; 
Van Vugt, & Iredale, 2013) but also in young children 
(Engelmann, Over, Herrmann, & Tomasello, 2013; 
Houser, Montinari, & Piovesan, 2012; Fujii, Takagishi, 
Koizumi, & Okada, 2015; Takagishi, Fujii, Koizumi, 
Schug, Nakamura, & Kameshima, 2015). Because 
generosity to others may generate returns from third 
parties through indirect reciprocity (Alexander, 1987; 
Nowak, & Sigmund, 1998), people are motivated to be 
generous when monitored to maintain their own 
reputation. Additionally, people behave kindly to those 

who have a good reputation and behave unkindly to 
those who have a bad reputation (Wedekind, & 
Milinski, 2000). Moreover, reputation affects favours 
from others in other domains (Milinski, Semmann, & 
Krambeck, 2002). These results indicate that reputation 
plays a crucial role in our society, and sensitivity to 
monitoring by others should be considered in a human 
adaptive psychological mechanism.
　In recent years , studies have conducted to 
investigate physiological processes that sustain the 
effect of monitoring on generosity and found stress 
response in monitoring by others promotes generosity 
(Von Dawans, Fischbacher, Kirschbaum, Fehr, & 
Heinrichs, 2012; Takahashi, Ikeda, & Hasegawa, 2007; 
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Takahashi, Ikeda, Fukushima, & Hasegawa, 2007). 
Takahashi et al. (2007) found that the changes in stress 
response by monitoring from others was related to 
generosity in a dictator game (DG). To examine 
participants’ stress activation, Takahashi et al. (2007) 
used salivary alpha-amylase (sAA), which has received 
attention in recent neuroendocrinological studies as an 
accurate physiological marker of psychological and 
physical stress (Nater, Rohleder, Gaab, Berger, Jud, 
Kirschbaum et al., 2005; Nater, & Rohleder, 2009). sAA 
is activated through the sympathetic-adrenal-medullary 
( SAM)  sy s t em ,  wh i ch  i s  d i s t i n c t  f r om the 
hypothalamic-pituitary-adrenal (HPA) system. 
　In examining the effect of the stress response on 
generosity, the remaining important issue is what kind 
of stress- inducing cues promotes generosity . 
Interestingly, people become more generous when 
experiencing fear emotion (Bering, McLeod, & 
Shackelford, 2005; Hirschberger, Ein-Dor, & Almakias, 
2008). Hirschberger et al. (2008) found that people 
prompted to think about their own death become more 
generous with charitable donations. Furthermore, 
Bering et al., (2005) found that people who are told that 
the experimenter saw an alleged ghost of a dead 
student in the study room become more honest in the 
laboratory experiment. Although these studies did not 
measure the stress level of participants, it was likely 
that the fear emotion induced stress response, and 
might result in promotion of generosity and honesty. 
In other words, generosity might be promoted if a 
stress response occurs regardless of the cues. The 
purpose of this study is to examine whether the stress 
response is necessary and sufficient condition to 
promote generosity in a DG. We used an image of eyes 
as a monitoring stress-inducing cue, and an image of 
spider (Åhs, Pissiota, Michelgård, Frans, Furmark, 
Appel, et al., 2005) as a non-monitoring stress-inducing 
cue. Because it has also been shown that concern for 
own reputation is an important psychological factor 
affecting DG choices (Oda, Niwa, Honma, & Hiraishi, 
2011). If the stress response serves as a sufficient 
condition for prosocial behavior, then both images (eyes 
and spider) would be expected to have an observable 

effect on generosity. If the stress response is simply a 
necessary condition of generosity, and in addition 
generosity also requires the recognition that others 
are monitoring, only the image of eyes would have an 
effect. In addition, we examined the association 
between concerning for own reputation and the effect 
of monitoring and non-monitoring stress-inducing cue 
on generosity in a DG. To measure the tendency to 
care about one’s own reputation using the Fear of 
Negative Evaluation Scale (FNES) (Watson, & Friend, 
1969).

Methods
Participants
　Forty undergraduate students (20 males and 20 
females, Mean Age=20.2, SD=1.3) participated in this 
study. They were recruited via posters distributed in 
classrooms, and monetary reward was emphasized at 
the point of recruitment. The study protocol was 
approved by the Ethics Committees ,  and a l l 
experiments were conducted in accordance with the 
approved protocol, which met the requirements of the 
Declaration of Helsinki. Written informed consent was 
provided by each participant prior to participation in 
the study.

Dictator Game
　Participants played the DG in a quiet room with 
completely anonymous situation. Two players played 
the DG. A participant in the role of dictator decided 
how to allocate the endowment between two players 
and a participant in the role of recipient received the 
money according to the dictator’s decision. All 
participants played the one-shot DG twelve trials in 
the role of a dictator, and the recipient was changed in 
each trial. The endowment was one of three sizes (400, 
800, and 1200 JPY) and each endowment was used four 
times each. The participants chose one of the 
allocations from five alternatives (0%, 25%, 50%, 75%, 
and 100% to the recipient). We used two conditions 
(eyes, and spider condition) as a between-subject 
design. Under the eyes condition, an image of eyes was 
displayed 6 times and an image of graphics was 
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displayed 6 times (Figure 1). We used the six different 
images of eyes. One image of eyes created by Tokyo 
metropo l i s  (UGOKU BOHAN NO ME, Tokyo 
metropolis) was used in the previous studies (Fujii et 
al., 2015; Mifune et al., 2010) and five images of eyes 
were used from the free website. Under the spider 
condition, an image of a spider was displayed six times 
and an image of graphics was displayed six times. We 
used the six different images of spider and these were 
used from the free website. All images were black and 
white and were displayed for 3 seconds prior to the 
screen on which the dictator made the allocation 
decision. Participants’ rewards were randomly 
determined by the actual choices in three trials. The 
reason why we used images of graphics, as well as eye 
and spider stimuli, was that we believed that the 
stress response would be stronger in a situation in 
which stimuli were randomly displayed rather than in 
a situation in which eye and spider stimuli were 

displayed continuously. Thus, in the eye condition, the 
average allocation rate over a total of 12 trials of 6 eye 
stimuli and 6 graphics was used in the analysis, and 
similarly in the eye condition, the average allocation 
rate over a total of 12 trials of 6 eye stimuli and 6 
shapes was used in the analysis.

Assessment of salivary alpha-amylase
　We collected participants’ saliva three times before 
the DG and three times after the DG. Before DG, 
participants collected saliva immediately before 
making decisions, and after DG, participants collected 
saliva immediately after 12 decision-making sessions. 
The three measurements were taken consecutively 
without t ime interval .  The procedure of this 
experiment is shown in Figure 2. To assess sAA level, 
we used a commercially available hand-held monitor of 
sAA (Salivary Amylase Monitor, Nipro Co. Ltd., Japan). 
This sAA monitor has been shown to accurately and 

Figure 1 Timeline for each trial in the dictator game.

Figure 2 Schedule of the experiment. sAA: salivary alpha-amylase.
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rapidly (within about 3 min) measure participants’ sAA 
levels associated with SAM activity (Yamaguchi, 
Kanemori, Kanemaru, Takai, Mizuno, & Yoshida, 2004; 
Yamaguchi, Deguchi, Wakasugi, Ono, Takai, Higashi et 
al. , 2006) and previous studies have shown the 
relationship between sAA levels and economic 
decision-making by utilizing the same methodology 
(Inukai, Shinada, Tanida, Takahashi, Mifune, Takagishi 
et al., 2010; Takahashi et al., 2007; Takahashi et al., 
2008; Takahashi et al . ,  2011; Takagishi ,  Fuji i , 
Kameshima, Koizumi, & Takahashi, 2009). We defined 
the sAA level measured before the DG as pre-sAA 
and the sAA level measured after the DG as post-sAA.

Fear of Negative Evaluation Scale
　Following to the collection of saliva after the DG, 
participants completed the FNES, which is a self-
report scale that measures the tendency towards fear 
of social evaluation. The FNES contains 30 items, to 
which participants are required to respond ‘yes’ or ‘no’ 
(Watson, & Friend, 1969).

Results
Dictator’s offer
　The mean proportions of a dictator’s offer in the 
eyes condition was 0.301 (SD=0.186) and that in the 
spider condition was 0.306 (SD=0.160) (Table 1). A 
multiple regression analysis was conducted to test the 
effect of condition (1=eyes, 2=spider), age, and gender 
(1=male, 2=female) on the mean proportions of a 
dictator’s offer. We did not find the significant effect of 

condition (β=0.039, t=0.22, p=0.827), age (β=-0.060, 
t=0.33, p=0.741), and gender (β=-0.179, t=1.08, p=0.288).

Salivary alpha-amylase level
　The mean level of pre-sAA in the eyes condition 
was 26.37 kU/L (SD=26.03) and that in the spider 
condition was 19.67 kU/L (SD=25.72). The mean level 
of post-sAA in the eyes condition was 20.64 kU/L 
(SD=27.38) and that in the spider condition was 23.51 
kU/L (SD=26.84). Because the pre-sAA level and the 
post-sAA level were not normally distributed, we used 
a log-transformed sAA level in the following analyses. 
A multiple regression analysis was conducted to test 
the effect of condition (1=eyes, 2=spider), age, or 
gender (1=male, 2=female) on the mean level of sAA. 
In the pre-sAA, we did not find the significant effect of 
condition (β=-0.046, t=0.26, p=0.796), age (β=-0.132, 
t=0.74, p=0.463), or gender (β=-0.183, t=1.11, p=0.273). 
In the post-sAA, we did not find the significant effect 
of condition (β=0.023, t=0.131, p=0.896), age (β=0.131, 
t=0.73, p=0.472), and gender (β=-0.096, t=0.579, 
p=0.566). The difference between pre and post sAA in 
each condition was examined and no significant 
difference was found in either the eyes or spider 
condition (eyes condition: t(19)=0.94; p=.362; spider 
condition: t(19)=1.00; p=.330) (Table 2).

The effect of stress response on generosity
　We conducted an ANCOVA on the dictator’s offer 
with the between-subjects factor of condition (eyes and 
spider) and change in the level of sAA (post-sAA 

sAA level in pre sAA level in post

M SD M SD t p

Eyes Condition 26.37 26.03 20.64 27.38 0.94 0.362

Spider Condition 19.67 25.72 23.51 26.84 1.00 0.330

Table 2 Mean level of salivary alpha amylase level in each condition

sAA = salivary alpha amylase

Eyes Condition (n = 20) Spider Condition (n = 20)

M SD M SD

Dictator game offer 0.301 0.186 0.306 0.16

Table 1 Mean level of dictator’s offer in each condition
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minus pre-sAA) as a covariate. While the interaction 
effect of condition and change in the level of sAA was 
significant (F(1, 36)=17.52, p < .001, ηp

2=.327), the main 
effect of condition (F(1, 36)=0.019, p=.891, ηP

2=.001) and 
change in the level of sAA (F(1, 36)=0.259, p=.614, 
ηp

2=.007) were not significant. Because we found the 
interaction effect of condition and change in the level 
of sAA, the following analysis was conducted 
separately for each condition. In the eyes condition, 
change in the level of sAA was positively correlated 
with the dictator’s offer (r=0.532, p=.016, Figure 3A). 
However, change in the level of sAA was negatively 
correlated with the dictator’s offer in the spider 
condition (r=-0.627, p=.003, Figure 3B).

Fear of negative evaluation and generosity
　The FNES demonstrated good reliability (Cronbach’s 
alpha=0.89); mean FNES score was 15.63 (SD=7.02). We 
conducted an ANCOVA on the dictator’s offer with 
the between-subjects factor of condition (eyes and 
spider) and FNES score as a covariate. The interaction 
effect of condition and FNES score (F(1, 36)=8.39, 
p=.006, ηp

2=.189), the main effect of condition (F(1, 
36)=5.16, p=.029, ηp

2=.125), and FNES score (F(1, 
36)=7.39, p=.010, ηp

2=.170) were significant. Because 
we found the interaction effect of condition and FNES 
score, the following analysis was conducted separately 
for each condition. In the eyes condition, FNES score 
was positively correlated with the dictator’s offer 
(r=0.716, p < .001, Figure 4A). However, change in the 
level of sAA was not correlated with the dictator’s 

Figure 3  Relationships between the mean proportion of dictator’s offer and the change in the levels of salivary alpha-amylase (sAA) under the eyes 
condition (A) and the spider condition (B).

Figure 4 Relationships between the mean proportion of dictator’s offer and FNE score under the eyes condition (A) and the spider condition (B).
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offer in the spider condition (r=-0.028, p=.908, Figure 
4B).

Discussion
　Our results indicated that generosity is promoted 
only by the monitoring stress-inducing cue. The stress 
response alone is not sufficient to promote generosity; 
instead, it is important what kind of stimulus caused 
the stress reaction. We interpreted the stress reaction 
to result from participant’s recognition that they are 
being monitored, which may lead to concern for 
reputation and therefore more generosity. This 
interpretation is supported by the finding that 
participants’ FNES score is positively correlated with 
generosity under the eyes condition but not under the 
spider condition. Indeed, a few studies have shown 
that the effect of image of eyes on generosity is not 
observed in pre-schoolers who are not able to fully 
consider social evaluation (Fujii et al., 2015; Vogt, 
Efferson, Berger, & Fehr, 2015). Interestingly, the 
change level of sAA in the spider condition was 
negatively correlated with generosity. This result may 
be related to the increased risk-averseness of study 
participants who felt negative emotions after touching 
a crocodile (Rockloff, & Greer, 2010). This result implies 
that stress may cause defensive behaviour, i.e., keeping 
a greater share of the distributed money. 
　This is the first study to show the physiological 
mechanism of the effect of monitoring cues on 
generosity in an economic game; it also has important 
implications for studies on the impact of monitoring 
cues on generosity reported in previous studies 
(Mifune, Hashimoto, & Yamagishi, 2010; Oda et al., 
2011). However, some studies reported that monitoring 
cues had no effect on generosity (Matsugasaki, 
Tsukamoto, & Ohtsubo, 2015; Northover, Pedersen, 
Cohen, & Andrews, 2017; Tane, & Takezawa, 2011). 
The inconsistency of the results may be because of 
differences between individuals. It has been shown 
that the effect of monitoring cues on generosity is 
observed in people with high public self-awareness but 
not in people with low publ ic sel f -awareness 
(Pfattheicher, & Keller, 2015). As shown in our 

research, generosity is not promoted unless a stress 
response occurs by the stimulation of the monitoring. 
This means that high social awareness is positively 
correlated with the stimulus stress response induces 
by monitoring cues. Individual differences are also 
apparent when considering the effect of a subliminal 
display of a fearful face image on the rejection of an 
unfair offer in the ultimatum game (Takagishi, Fujii, 
Nishina, & Okada, 2016). The effect of fearful face on 
the rejection of an unfair offer is positively correlated 
with fear of negative evaluation. These results further 
support the importance of individual differences in 
reactions to monitoring cues. 
　At the level of the brain, the perception of eyes is 
processed by the amygdala, located in the limbic area 
(Kawashima, Sugiura, Kato, Nakamura, Hatano, Ito et 
al., 1999). The signal from the amygdala is transmitted 
to the hypothalamus, which controls the autonomic 
nervous system and causes sympathetic nerve 
activation through the spinal cord. We found that the 
activity of alpha-amylase, a stress response by the 
SAM system, was positively associated with the 
generosity in the eyes condition. Previous studies have 
shown that social anxiety, the main symptom is to fear 
others’ evaluation, is associated with the hyper-
activation of the amygdala (Lorberbaum, Kose, 
Johnson, Arana, Sullivan, Hamner et al., 2004; Tillfors, 
Furmark, Marteinsdottir, Fischer, Pissiota, Långström 
et al., 2011; Tillfors, Furmark, Marteinsdottir, & 
Fredrikson, 2002). Thus, individual differences in the 
responsiveness of the amygdala to the image of eyes 
may play a pivotal role in the effect of monitoring 
stress-inducing cue on generosity. The activation of 
the amygdala has also been observed when people 
classified as pro-social using the social value orientation 
(SVO) scale (Van Lange, De Bruin, Otten, & Joireman, 
1997) decide whether to cooperate with others in a 
prisoner’s dilemma game (Fermin, Sakagami, Kiyonari, 
Li, Matsumoto, & Yamagishi, 2016). This research 
suggests that the effects of monitoring stress-inducing 
cue on generosity can be observed among people 
classified as pro-social using the SVO scale. It should 
be further examined whether the amygdala activation 
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is related to the effect of monitoring stress-inducing 
cue on generosity particularly in prosocial people. 
　The two stress-inducing stimuli used in this study 
were eyes and spider images .  However ,  the 
experiment showed no difference in mean values 
before and after the presentation of the two stimuli. 
This indicates that the two stimuli did not induce 
stress response in the participants as a whole. This 
may be due to the fact that we used black-and-white 
stylized images as stimuli rather than actual pictures. 
It is worth noting, however, that there were individual 
differences in stress responses to the two stimuli, and 
these individual differences were associated with 
individual differences in decision making. Future 
studies using stronger stimuli such as photographs 
rather than images are needed.
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