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Abstract: Ambient light plays a key role in social interactions, and the effects of ambient light on
explicit altruism have been widely documented. However, whether ambient light affects implicit
altruism and the potential mechanisms underlying the effect remain largely unknown. The current
study aimed to explore the effects of ambient illuminance on explicit and implicit altruism simultane-
ously, and to determine the potential mediation role of subjective mood, state self-control perceived
anonymity and satisfaction with light. A one-factor (Illuminance: dim (100 Ix) vs. bright (1000 1x)
at eye level), between-subjects design was employed in the current study, during which seventy-
eight undergraduates (52 females, 18-25 years old) were assigned to two groups, with participants
in each group undergoing both the dictator game assessing explicit altruism and the implicit asso-
ciation test (IAT) assessing implicit altruism under one of two illuminance conditions. Meanwhile,
subjective mood, state self-control, perceived anonymity and satisfaction with light were also as-
sessed with questionnaires at the beginning or/and at the end of the experiment. Results revealed
that participants tended to allocate more money in the dictator game and showed a higher state self-
control, satisfaction with light and lower perceived anonymity under bright versus dim illuminance
condition, whereas the performance in IAT and subjective mood revealed no statistically significant
effects of illuminance. The promoting effect of bright illuminance on explicit altruism was partially
mediated by perceived anonymity and satisfaction with light, but not by state self-control. These
findings suggest that ambient light holds the potential to regulate psychological well-being and thus
facilitate prosocial behavior, but such benefits are dependent on the type of task.

Keywords: light; implicit association test; dictator game; self-control; anonymity; satisfaction with
light; altruism

1. Introduction

Light, as a fundamental dimension of the physical environment, acts as a vital con-
tributor affecting human behavior and health [1-3]. In addition to light’s effects on image
forming (IF) function, a growing number of studies have been conducted to explore the
non-image forming (NIF) effects of light during recent decades [4,5], among which the
effects of light on alertness [6], affective state [7], cognitive performance [8], sleep and cir-
cadian rhythms [9] were widely reported. In addition to the effects of ambient light on psy-
chological and biological functioning, the associations between ambient light and social be-
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havior attributes have also been investigated in a few field and laboratory studies [10-20].
Among the limited available evidences, the effects of bright versus dim illuminance on al-
truism have attracted more attention in the field of social and environmental psychology.

Altruism is a form of prosocial motivation that benefits others while being costly to
oneself [21]. According to the notion of dual-processing accounts, altruism can be ex-
pressed as explicit altruism and implicit altruism [22]. Explicit altruism is consciously con-
trolled and requires cognitive resources to process, while implicit altruism is processed in
an automatic and unconscious manner [22]. Explicit altruistic behavior can be measured by
self-rating questionnaires (such as the Self-Report Altruism scale [23]) or behavioral tasks
(such as the dictator game [24]). Implicit altruistic attitudes can be captured by implicit
measurements, such as the classical Implicit Association Test [25,26].

As a type of social animal, social interactions are ubiquitous and of vital importance
for human beings. A recent meta-analysis [27] suggested that altruism is significantly asso-
ciated with well-being (including psychological functioning and physical health) and the
pooled effect size is modest (r = 0.13). Hui further proposed that a positive feedback loop
might exist between altruism and well-being [28]. Thus, if altruism-promoting lighting sce-
narios were created, they might hold great potentials to improve social well-being, which
would fulfill the requirements of integrative lighting [3] in the future.

Field-based studies have consistently revealed the positive association between the
intensity of daylight and altruistic behaviors. For example, Cunningham [13] found that
sunshine could promote helping behavior. In a following study, Guéguen and Lamy [14]
reported that participants were more prone to offer kind statements to strangers on sunny
days when compared to cloudy days. These findings provide evidences for the notion of
the “Sunshine Samaritan” [13].

Meanwhile, a few researchers have made efforts to investigate the effects of artificial
light on altruism in a well-controlled laboratory environment. The findings, however, re-
vealed rather inconsistent effects of bright versus dim illuminance on explicit altruistic out-
comes. Some studies reported the promotional effects of bright illuminance on altruism.
For instance, brightness induced by either artificial bright versus dim illuminance or by
wearing clear glasses versus sunglasses significantly reduced self-interested performance
in the dictator game, and the effects were robust [15]. Similarly, Chiou and Cheng [16]
reported that participants tended to share more money with the recipient under bright
versus dim illuminance condition while performing a one-shot, anonymous version of the
dictator game. Participants under bright versus dim illuminance condition (500 Ix vs. 30 1x)
tended to believe that the dictator would treat them unfairly and allocated less money to
the recipient in the dictator game [17].

On the contrary, other studies indicated that dim versus bright illuminance could pro-
mote altruism. By employing a 2 (Illuminance: 150 Ix, 1500 1x) x 2 (Correlated Color Tem-
perature: 3000 K, 4200 K) design, Baron et al. [18] found that participants under the dim
warm light condition (150 1x, 3000 K) were more willing to devote their time and money to
helping others and were more likely to use cooperative means to cope with interpersonal
conflicts when compared to three other light conditions. A following study found a dim-
illuminance-induced improvement in conflict resolution [19]. Similarly, Steidle et al. [20]
found that dark versus bright illuminance could promote cooperation. Besides these em-
pirical studies, one light therapy study using ecological momentary assessment reported
that exposure to a relatively bright illuminance (10,000 1x) in the morning improved mood
but increased quarrelsomeness and decreased submissiveness [12].

In summary, field-based studies have evidenced correlations between daylight and
altruism, rather than purely causal effects. The studies manipulating artificial light in a
well-controlled laboratory provide—although not consistent—evidences for the causal ef-
fects of light on altruism. These inconsistent findings from laboratory studies might in-
dicate the fact that the altruism outcomes may not be a direct consequence of the light
manipulation; instead, they may be due to the light-induced regulation of other candidate
variables. The previous studies reported four potential psychological variables (mood, per-
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ceived anonymity, state self-control and satisfaction with light) that occasionally linked
ambient light with prosocial behavior attributes [13,15,18,19,29,30]. To date, the potential
mechanism underlying the relationship between ambient light and altruism has not been
determined, but exploring the potential mediators could also increase our knowledge of
the underlying mechanism.

Prosocial behavior is profoundly affected by positive affective experiences (such as
happiness, gratitude and pride) or negative affective experiences (such as shame, guilt and
sadness) (see [31] for a review). Exposure to short-term light could significantly regulate
the affective state [32,33]. Hence, mood was expected to be a potential mediator in the as-
sociation between light and altruism, which was firstly claimed by Cunningham [13] to ex-
plain the notion of the “Sunshine Samaritan”. In a following study, Baron et al. [18] found
that participants under dim versus bright illuminance (150 Ix vs. 1500 Ix) were willing to
donate more time as unpaid volunteers, and the authors supposed that this effect might be
mediated by the dim-illuminance-induced positive mood. This assumption has not been
proposed in studies by Chiou and Cheng [16] and Kombeiz et al. [19]. Specifically, Chiou
and Cheng reported no significant effect of illuminance on mood, and subjective mood did
not correlate with volunteering willingness [16]. In study by Kombeiz et al., both positive
and negative mood were taken as control variables in exploring the effects of bright versus
dim illuminance on conflict resolution [19]. Thus, empirical evidences for the mediation
role of mood are still required.

In addition, perceived anonymity was proposed to be another potential mediator in
the association between light and altruism [15]. Identity is concealed or blurred under
darkness or dim illuminance condition. This dim-illuminance-induced sense of illusory
anonymity could provide an opportunity for moral transgressions, criminal acts and self-
interested behavior as well [34]. Zhong et al. [15] firstly proposed this hypothesis and
tested it in an empirical study. Their findings revealed that bright illuminance inhibited
self-interested behavior in the dictator game, and the mediation analysis revealed that
the perceived anonymity functioned as a mediator between light and altruism. In con-
trast, null effects of illuminance on perceived anonymity were revealed in the following
studies [35,36].

Previous studies have also shown that individuals with high self-control ability were
inclined to act in a more other-interested manner than those with low self-control abil-
ity [37,38], and this pattern was reversed when faced with crisis situations [39]. The effects
of ambient light on state self-control were occasionally reported in previous
studies [29,35,40—-42]. For example, exposure to bright versus dim illuminance (1500 Ix
vs. 150 Ix) could increase participants’ public self-awareness and lead to controlled self-
regulation [35]. Kang et al. [29] further reported that both warm bright light (4000 K,
1000 1x) and cool dim light (6000 K, 100 1x) improved participants’ self-control. However,
whether state self-control plays a mediating role in the effect of ambient light on altruism
still remains an open question.

Satisfaction with light was recently proposed as a contributor to light’s regulation
of social perception in study by Kombeiz et al. [19]. This assumption was tested in their
follow-up study exploring the effects of different light conditions (cool bright light (5500 K,
1500 Ix), cool dim light (5500 K, 150 1x), warm bright light (2500 K, 1500 Ix), warm dim light
(2500 K, 150 1x)) on social perceptions of a stranger [30]. The results revealed that satis-
faction with light was positively associated with social perceptions of warmth and compe-
tence. Given these findings, satisfaction with light might be another mediator linking light
and social behavioral attributes.

As mentioned above, altruism could be expressed as explicit altruism and implicit
altruism. However, the current studies exploring the effects of ambient light on altruism
commonly employ tasks to assess explicit altruism, and the effects of ambient light on im-
plicit altruism —to the best of our knowledge —have been scarcely investigated. Previous
studies have also established that significant discrepancies exist between explicit and im-
plicit measures [43], and altruism is no exception. For example, no significant association
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between implicit altruistic attitudes and explicit altruistic behavior was revealed [25]. In
addition, explicit altruism might be susceptible to the social desirability effect due to the
nature of explicit measurements, while implicit altruism is immune to this effect. Thus, to
fill this gap, the first aim of the current study was to investigate the effects of ambient bright
versus dim illuminance on explicit altruistic behavior, as assessed with the dictator game,
and implicit altruistic attitude as assessed with the implicit association test (IAT), simul-
taneously. Moreover, the mechanisms underlying the effects of ambient light on altruism
remain controversial and empirical evidences for the reported potential mediators are still
lacking. Therefore, the second purpose of the current study was to explore the potential
mediating role of subjective mood, perceived anonymity, state self-control and satisfac-
tion with light in the association between ambient illuminance and altruism by employing
a mediation analysis approach.

2. Materials and Methods
2.1. Design

The study employed a one-factor (Illuminance: bright vs. dim), between-subjects de-
sign. The light of 100 Ix at 4000 K and 1000 Ix at 4000 K at eye level (approximately 120 cm
above the ground) was employed in the bright illuminance condition and dim illuminance
condition, respectively. Each participant visited the laboratory once and was randomly
assigned to either the bright illuminance condition or dim illuminance condition, during
which both the dictator game task and the implicit association test were administrated. The
order of the two tasks was counterbalanced across participants.

2.2. Participants

Seventy-eight participants (52 females, Mg, = 20.87 years, SD = 1.79) were recruited
via online advertisements at local universities. Half of the participants were assigned to the
bright illuminance condition (39 participants, 27 females, 20.92 & 1.90 years old) and the
remaining half were assigned to the dim illuminance condition (39 participants, 25 females,
20.82 £ 1.70 years old). The demographics of participants were balanced between two
illuminance conditions (for age: t = 0.25, p = 0.80; for gender ratio: x> =0.23, p = 0.63).

All employed participants were right-handed and had normal or corrected-to-normal
vision. They were instructed that drinks and food containing caffeine and alcohol were for-
bidden on the experimental day and the day before the formal experiment. They reported
no concerns regarding anxiety symptoms (score of Self-rating Anxiety Scale < 50 [44]) and
had no sleep complaints regarding the preceding night (score of Groningen Sleep Quality
Scale <5 [45]). The study was approved by the Ethical Committee of South China Normal
University (Approval No.: SCNU-PSY-2020-1-044). All participants gave their written in-
formed consent and were paid for their participation.

2.3. Experimental Scenario

The experiment was conducted in an intelligent lighting laboratory, which was a
soundproof and windowless room (3.6 m x 3.6 m x 2.8 m) with off-white walls and ceilings
and a dark grey floor (with 90.12%, 90.12% and 18.88% reflectance, respectively). Four sep-
arate workstations with one light grey table (1.2 m x 0.8 m, 50.77% reflectance) and one
black chair were created. One white all-in-one computer (Lenovo C260, 19.5in, Lenovo,
Beijing, China) with a keyboard and a mouse was placed on each table. Six tunable white
luminaires (Philips RC099V, Philips, Foshan, China) were mounted on the ceiling of the
room. Each luminaire (0.6 m x 0.6 m) had a translucent cover with an integrated diffuser.
The layout of the laboratory is shown in Figure 1.
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Figure 1. The layout of the laboratory. Note that only one participant was scheduled at a time.

The basic indoor lighting and experimental light settings were provided by six lu-
minaires, and the illuminance of ambient light was measured vertically at eye level (ap-
proximately 120 cm above the ground) prior to the formal laboratory study using a cal-
ibrated spectroradiometer (JETI Specbos1202, JETI Technische Instrumente GmbH, Jena,
Germany). The height of the chair was adjusted individually to reach the same eye height.
The spectral power distributions for light adaption and the two experimental light con-
ditions are displayed in Figure 2. The indoor temperature was kept at 26 °C using an
air conditioner.
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Figure 2. Spectral power distributions measured at eye level for three light conditions employed in
the current study (1000 Ix for bright illuminance condition; 100 Ix for dim illuminance condition; and
300 Ix for light adaption).
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2.4. Measurements
2.4.1. Mood

Subjective mood was evaluated using the Positive and Negative Affect Schedule
(PANAS) [46], which includes ten positive and ten negative adjectives to measure posi-
tive mood (oc = 0.866) and negative mood (& = 0.911), respectively. Participants responded
on a 5-point Likert scale ranging from “1” (extremely slight) to “5” (extremely strong).

2.4.2. Self-Control

State self-control was assessed with the 5-Item-Skala zur Messung der momentan ver-
fligbaren Selbstkontrollkapazitat (SMS-5) [47], which is a brief version used for measuring
the currently available self-control capacity, developed from the 25-item State Self-Control
Capacity Scale (SSCCS) [48]. The participants were instructed to rate their state self-control
on a 5-point Likert scale (1 “completely inaccurate”, 3 “neither inaccurate, nor true”, 5
“completely true”). A high score indicates a higher state of self-control. The Cronbach’s
alpha for SMS-5 in the current study was 0.829.

2.4.3. Perceived Anonymity

Perceived anonymity was evaluated by five 5-point Likert-scale items adopted from a
study by Zhong et al. [15] (1 “strongly disagree”, 3 “indeterminacy”, 5 “strongly disagree”).
A high score indicates a high level of perceived anonymity (o« = 0.693 in the current study).

2.4.4. Satisfaction with Light

Satisfaction with light was assessed by seven items retrieved from Van Den Wyme-
lenberg and Inanici [49] using a 5-point Likert scale (1 “very strongly disagree”, 3 “neither
agree or disagree”, 5 “very strongly agree”), with a high score indicating a high level of
satisfaction with light (« = 0.908 in the current study).

2.4.5. Brightness

To check the validation of the illuminance manipulation in the current study, the per-
ceived brightness of ambient light in the bright and dim illuminance conditions was eval-
uated by one item retrieved from Flynn et al. [50] that ranged from 1 “very dim” to 5
“very bright”.

2.4.6. Explicit Altruism: Dictator Game

The dictator game is widely used to measure altruistic behavior [15,16]. In the current
study, we utilized this task paradigm to measure explicit altruism. The participant was
informed that they would play a dictator game together with one unfamiliar participant
who sat in another laboratory room. The distributor would be provided 10 RMB virtually
and he/she could decide for himself/herself how much to distribute to the recipient in the
other room by entering the number in an online program. The rest of the money would
be an additional bonus awarded to the distributor. The recipient had no opportunity to
reject the distribution. The participants were told that the role of distributor and recipient
was determined by ballot. In fact, all participants were assigned as the distributors and the
recipients did not actually exist in the current study.

2.4.7. Implicit Altruism: IAT

IAT was used to measure the implicit amplitude towards multiple altruistic behaviors,
such as blood donation [51] and organ donor registration [52]. The self versus other inter-
est IAT was recently developed to specifically measure implicit altruism [25,53,54]. The
standard seven blocks of IAT, as shown in Table 1, were used in the current study. Block 4
is a compatible block and block 7 is an incompatible block. The employed concept words
and attribute words are presented in Table 2, obtained from Jiang et al. [25]. The reaction
times for trials in the compatible block and incompatible block were computed.
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Table 1. Seven blocks of IAT procedure.

Block of "ll\"Ilg;lls Function Items Assigned to Left-Key Response Items Assigned to Right-Key Response
1 20 Practice Self words Others words
2 20 Practice Altruistic words Non-altruistic words
3 20 Practice Self words + Altruistic words Others words + Non-altruistic words
4 40 Test Self words + Altruistic words Others words + Non-altruistic words
5 20 Practice Others words Self words
6 20 Practice Others words + Altruistic words Self words + Non-altruistic words
7 40 Test Others words + Altruistic words Self words + Non-altruistic words

Table 2. The concept words and attribute words in IAT.

Concept Words Attribute Words
Self Others Altruistic Non-Altruistic
H . (self) A7 (they) K% (caring) 4 (rejection)
HE (self) WA’ (they) Hi B (assistance) Wit (aggression)
AT (we) AN (other people) ZEHik (dedication) %M (contempt)
M (mine) 4N (outsiders) SCHE (support) %% (abuse)
MEAT (we) i A\ (others) R (protection) i (chicanery)

2.5. Procedure

The overall study protocol is depicted in Figure 3. The qualifying participants were
randomly assigned to either the bright illuminance condition or dim illuminance condi-
tion upon their arrival at the laboratory. Only one participant was scheduled at a time.
The formal experiment always started with a 5 min common “pre-lighting” stage (300 Ix
at 4000 K at eye level) for light adaption, which has been documented to have an influence
on subjective evaluations given to lighting conditions that immediately follow [55-57]. Af-
ter the light adaptation phase, the light was changed either to the dim illuminance or the
bright illuminance. The participants were instructed to do nothing for three minutes after
the light transition and then fill out the pretest questionnaires to assess their current mood
and state self-control. Afterwards, the dictator game and IAT were administrated with a
counterbalanced order across participants. At the end of the experiment, the participants
were asked to finish the posttest questionnaires to assess their mood, state self-control, per-
ceived anonymity, satisfaction with light and brightness perception. Additionally, all par-
ticipants were asked whether they had guessed the purpose of the current study, to ensure
that the study’s purpose was unknown to participants. To avoid the potential time-of-day
variances in the NIF effects of light that were documented in previous studies [58,59], the
current study was conducted both during daytime and in the early evening (9:00-21:00),
in winter (from December to January), in Guangzhou, China.

2.6. Statistical Analysis

For subjective indicators as assessed with questionnaires, the average scores were
computed before the formal analysis. For IAT, the reaction times larger than 3000 ms
were discarded [25]. For the trials with inaccurate responses, 600 ms was added to the
reaction times. The D score, as the indicator of explicit altruism, was calculated with the
following equation: D score = (Mean RT}joc7 — Mean RTyjock4)/SD RTyp [60]. To examine
the difference between bright and dim illuminance conditions, the independent-sample
t-test was employed for subjective indicators and task performance. To explore the poten-
tial mediation role of perceived anonymity, satisfaction with light, mood and self-control,
correlation analyses and regression analyses between potential moderators and altruism
performance were conducted first and then the PROCESS macro bootstrapping procedure
(n =5000, Model 4) [61] was employed. SPSS 22.0 (IBM, Armonk, NY, USA) was used for
all statistical analyses.
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Figure 3. A schematic representation of the overall study protocol.

3. Results
3.1. Effects of llluminance on Subjective Indicators

The descriptive data of subjective indicators and the results of the ¢-test for the differ-
ences between the two illuminance conditions on subjective indicators are listed in Table 3.
The independent-sample ¢-test for perceived brightness during the posttest session revealed
a significant difference between the bright illuminance condition and dim illuminance con-
dition. Participants rated the light brighter under the bright versus dim illuminance condi-
tion, which indicated that the manipulation of illuminance was valid in the current study.

Table 3. Results of t-tests for the differences between bright illuminance and dim illuminance on
subjective feelings and altruism.

Bright Light Dim Light t P Cohen’s d
Perceived brightness 4.86 - 0.96 2.94 £ 1.06 8.35 <0.001 1.89
Positive affectpretest 3.21+£0.38 3.28 +0.46 —0.73 0.47 0.16
Positive affectposttest 3.20 £ 0.53 3.21 +0.56 —0.12 0.90 0.02
Negative affectpretest 1.96 + 0.55 1.83 £+ 0.37 1.29 0.20 0.29
Negative affectposttest 1.78 £0.72 1.70 £ 0.45 0.55 0.58 0.13
Self-controlpretest 3.92 £ 0.60 3.86 + 0.48 0.50 0.62 0.11
Self-controlposttest 4.01 £0.52 3.70 £ 0.54 2.56 0.01 0.58
Satisfaction with light 3.59 +£0.85 2.65 + 0.81 4.99 <0.001 1.13
Perceived anonymity 327 £0.76 3.83 + 0.69 —3.44 <0.001 0.78
Dictator game (allocated money) 3.36 £1.48 1.67 £1.11 5.72 <0.001 1.30
IAT (D score) 1.04 + 0.64 1.29 +0.73 —1.61 0.11 0.37

Note: the Cohen’s d was calculated to indicate the effect size of the effect of illuminance. Standards of Co-
hen’s d: small: Cohen’s d < 0.20; moderate: 0.21 < Cohen’s d < 0.49; medium: 0.50 < Cohen’s d < 0.79;
large: Cohen’s d > 0.80) [62].

The t-test for subjective positive mood, negative mood and state self-control measured
during the pretest session revealed no significant differences between the bright illumi-
nance condition and dim illuminance condition (all p > 0.05). This was also the same for
the positive mood and negative mood during the posttest session. However, the state self-
control revealed a significant difference between the two illuminance conditions during
the posttest session, with participants showing higher state self-control under the bright
illuminance condition than those under the dim illuminance condition (p = 0.01). Similarly,
the subjective satisfaction with light and the perceived anonymity also revealed significant
differences between the two illuminance conditions (ps < 0.0001), with participants under
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the bright illuminance condition showing higher satisfaction with light and a perceived
higher level of anonymity than those under the dim illuminance condition.

3.2. Effects of Illuminance on Altruism

As for explicit altruism, the independent-sample f-test revealed a significant differ-
ence in the amount of allocated money, with participants under the bright illuminance
condition preferring to allocate more money to the recipient than those under the dim il-
luminance condition (see Table 3 for statistics). In contrast, the D score in IAT revealed
no significant difference between the bright illuminance condition and dim illuminance
condition, suggesting no statistically significant effect of illuminance on implicit altruistic
performance (see Table 3 for statistics).

3.3. Mediation Results

Due to the absence of statistically significant effects of the illuminance condition on
IAT performance and positive and negative mood, the D score in IAT and mood were not
included in the mediation analyses. First, the correlation matrix among state self-control,
perceived anonymity, satisfaction with light and the amount of allocated money in the
dictator game were computed (see Table 4). Results showed that the amount of allocated
money positively correlated with satisfaction with light (p < 0.001) and negatively corre-
lated with perceived anonymity (p <0.001), whereas no significant correlation between the
amount of allocated money and state self-control was revealed (p = 0.24).

Table 4. Correlations among self-control, perceived anonymity, satisfaction with light and the
amount of allocated money in dictator game.

1 2 3 4
1. Self-control 1
2. Perceived anonymity 0.09 1
3. Satisfaction with light 0.28 * —0.29* 1
4. Allocated money 0.14 —0.47 *** 0.72 *** 1

Note: * p <0.05; ** p < 0.001.

According to these significant correlations, the stepwise regression analyses were
conducted between the illuminance, perceived anonymity, satisfaction with light and the
amount of allocated money. The regression results are shown in Table 5 and Figure 4. Re-
sults showed that illuminance could significantly predict the amount of allocated money,
perceived anonymity and satisfaction with light (p <0.001, p = 0.0009 and p < 0.001, respec-
tively). In the regression model including all four variables, the results showed that the
satisfaction with light ( = 0.56, p <0.001) and perceived anonymity (8 = —0.24, p = 0.0039)
significantly predicted the amount of allocated money, while the predictive role of illumi-
nance on the amount of allocated money still remained significant (8 = 0.37, p = 0.03).

Furthermore, the PROCESS macro bootstrapping procedure (n = 5000, Model 4) [61]
was employed to test whether the effect of illuminance on explicit altruism was mediated
by the satisfaction with light or perceived anonymity. As to the mediating effect of satisfac-
tion with light, the 95% bootstrapped confidence interval (CI) for the indirect effect of illu-
minance on explicit altruism ranged from 0.45 to 1.33. Likewise, the perceived anonymity
revealed a significant mediating effect (95% CI: 0.02-0.58). The comparison of the media-
tion effect of satisfaction with light and perceived anonymity revealed a significant differ-
ence (95% CI: 0.08-1.15), suggesting that the mediation effect of satisfaction with light was
significantly larger than that of perceived anonymity (see Table 6).
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Table 5. Results of regression analyses.

Regression Equation Fitting Indices Regression Coefficients
Outcome Variables Predictor Variables R?2 3 B t
Allocated money 0.30 32.74 ***
INluminance 0.55 5.72 %%
Satisfaction with light 0.25 24.86 ***
INluminance 0.99 4.99 ***
Perceived anonymity 0.13 11.84 ***
INluminance —0.73 —3.44 ***
Allocated money 0.61 38.47 ***
INluminance 0.37 2.15*
Satisfaction with light 0.56 6.57 ***
Perceived anonymity —0.24 —2.98 **

Note: * p <0.05; ** p < 0.01, *** p < 0.001.

Satisfaction

0.99*** with 0.56***
Light
0.37* EXpliCit
lluminance > Altruistic
Behavior
-0.73%** Perceived -0.24**
Anonymity

Figure 4. The mediation effects of satisfaction with light and perceived anonymity underlying
the effect of illuminance on explicit altruism. Path values are the standardized path coefficients
(*p<0.05,** p<0.01, ** p<0.001).

Table 6. Results of mediation analyses.

Indirect Effect Effect Size Boot SE Boot 95% CI
Total 1.12 0.25 [0.64, 1.63]
Satisfaction with light 0.85 0.22 [0.45, 1.33]
Perceived anonymity 0.27 0.14 [0.02, 0.58]
Satisfaction with light-Perceived anonymity 0.58 0.27 [0.08, 1.15]

Note: Boot SE: Bootstrap Standard Error; Boot 95% CI: Bootstrap 95% Confidence Interval.

4. Discussion

The previous studies exploring the effects of illuminance on altruism particularly fo-
cused on explicit altruism and did report inconsistent effects of bright versus dim illumi-
nance on altruistic performance. Meanwhile, the potential pathway by which the ambient
illuminance influences altruism is far from conclusive due to the employed differential
study paradigms, light manipulations and mediators of interest across different studies.
Extending previous studies, the current study was conducted to investigate the effects of
ambient illuminance on explicit altruism and implicit altruism simultaneously in a well-
controlled laboratory environment. Moreover, the current study was the first time—to
the best of our knowledge—to test the potential mediation role of multiple psychologi-
cal variables, including subjective mood, perceived anonymity, state self-control and sat-
isfaction with light, in the association between ambient illuminance and altruism using a
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mediation analysis approach. The findings revealed that bright versus dim illuminance
promoted explicit altruism, and this effect was partially mediated by bright-illuminance-
induced lower perceived anonymity and higher satisfaction with light, but not mediated
by bright-illuminance-increased state self-control. Ambient illuminance exerted no statis-
tically significant effects on implicit altruism and subjective mood.

4.1. The Effects of llluminance on Altruism

In the current study, both the dictator game and IAT were employed to explore the
effects of ambient illuminance on explicit and implicit altruistic performance. The findings
revealed a task-dependent effect of bright versus dim illuminance on altruism. Exposure
to bright illuminance (1000 Ix at eye level) promoted explicit altruism as the participants
under the bright versus dim illuminance condition tended to allocate more money to the
unfamiliar recipient in the dictator game, while it had a neglectable effect on implicit altru-
ism as assessed with the D score in IAT. The promoting effect of bright versus dim illumi-
nance on explicit altruism was in line with previous studies reporting that bright versus
dim illuminance condition increased the likelihood of prosocial behavior [13-16]. Inter-
estingly, the current findings revealed that illuminance exerted a null significant effect on
implicit altruism, suggesting a task-specific effect of ambient light on altruism.

The absence of a significant effect of bright illuminance on implicit altruism might
be partly explained by the fact that implicit altruistic attitude remains relatively stable
and resists any change caused by external cues according to the assumption of classical
dual-construct theories [43]. In addition to the task’s nature, the limited manipulation of
ambient illuminance employed in the current study could also be a potential contributor.
Although implicit social cognition remains relatively stable, it is not inevitably unchange-
able [43]. Multiple interventions have been developed and a network meta-analysis re-
vealed that changes in implicit measures are still possible, although the effects are weak [63].
Whether a larger range (such as 10 Ix and 1500 Ix) or multiple illuminance levels (such as
100 Ix, 500 Ix and 1000 Ix) could result in the significant regulation of implicit altruism re-
mains unknown. As an innovative and practical strategy to benefit altruistic attitudes, the
study of which light settings could function as an effective intervention to improve implicit
altruism warrants further attention in future studies.

4.2. The Mediation Role of Perceived Anonymity and Satisfaction with Light

Previous studies have reported that several psychological variables, such as perceived
anonymity, state self-control and mood, hold the possibility to mediate the relationship be-
tween ambient light and prosocial behavior [15,18,29]. In addition, subjective satisfaction
with light was particularly involved as a potential mediator, as it was documented to be cor-
related with social perception [30]. Among these potential mediators, the current findings
revealed that bright versus dim illuminance resulted in lower perceived anonymity, higher
state self-control and satisfaction with light, but no significant regulation of subjective pos-
itive mood nor negative mood. The finding on the effect of illuminance on perceived
anonymity was in line with a previous study reporting that bright illuminance signifi-
cantly decreased perceived anonymity [15], but contradicted another two studies reporting
that bright illuminance induced no significant regulation of perceived anonymity [35,36].
These discrepancies might be due to differences in light manipulation. For instance, 1500 1x
vs. 150 Ix and 372 Ix vs. 40 Ix were employed in these two studies [35,36], respectively,
while 1000 Ix vs. 100 Ix was employed in the current study. The effect of illuminance
on satisfaction with light was scarcely investigated [19,30], while previous studies had
occasionally reported significant effects of bright versus dim illuminance on state self-
control [29,35,40-42] and mood [16,59,64-66]. Again, the differences in light manipulation
make it difficult to directly compare the findings of previous studies and the current one.
Moreover, the differential questionnaires employed to assess subjective mood and state
self-control could also be potential contributors to these inconsistencies. The adjectives in
the PANAS employed in the current study might be so intense that they cannot effectively
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capture the changes in affective state induced by ambient light. More brief and sensitive
scales should be developed to effectively trace the dynamics of affective states under vari-
ous light conditions in future studies, as Itzhacki et al. [67] have suggested.

The mediation analyses revealed that both the perceived anonymity and satisfaction
with light partially mediated the association between light and explicit altruism. Mean-
while, the mediation role of satisfaction with light was significantly larger than that of
perceived anonymity (0.85 vs. 0.27, 95% CI [0.08, 1.15]). This finding emphasized the
vital role of satisfaction with light underlying the effects of ambient light on social be-
havior attributes. The mediation role of perceived anonymity was also evidenced in a
previous study exploring the effect of brightness (manipulated by wearing sunglasses or
clear glasses) on explicit altruistic behavior in the dictator game [15]. The current study
represents the first time —to our knowledge —that the mediation role of state self-control
and satisfaction with light in the association between illuminance and altruism has been
investigated. Unfortunately, the mediation role of state self-control was not established.
Although the current study provides empirical evidence for the mediation of satisfaction
with light, more researches are needed to test whether the light-induced regulation of satis-
faction would also function as a predictor of other prosocial behaviors. In addition, consid-
ering the fact that satisfaction with light and perceived anonymity did partially mediate the
association between ambient illuminance and explicit altruism, other potential mediators
need to be explored in future studies.

Some limitations need to be mentioned in the current study. Firstly, a between-subject
design was employed in the current study, thus leading to possible confounding effects of
individual differences, such as personality. Secondly, in addition to the potential medi-
ators, the previous studies had also suggested that there were potential moderators and
group differences, such as self-construal [68] and gender [69], in the association between
ambient light and prosocial behaviors. It would be of great value to explore the moderators
and mediators within one model, to obtain a more comprehensive picture of the lighting
effects on prosocial behavior. Thirdly, the light level was only manipulated to two levels
within a small range (i.e., 100 vs. 1000 Ix); as discussed above, multiple light levels and
larger ranges of contrasting light are necessary in one study paradigm to draw a dose—
response curve for the effects of illuminance on altruistic performance. Furthermore, the
duration and timing of light exposure might be another seminal feature that warrants fur-
ther endeavors. The relatively short duration employed in the current investigation might
hinder the detection of the delicate effects of light on implicit altruism.

Despite the limitations mentioned, the findings together with the current literature
suggesting that exposure to bright indoor illuminance would be a practical and effective
strategy to promote altruistic performance. For instance, exposure to brighter light may be
of benefit in public interior building spaces or urban roads in the evening, to increase psy-
chological satisfaction and reduce perceived anonymity and thus increase the likelihood
of prosocial behavior. In addition, the recommendations for the current interior lighting
design mainly aim to maintain circadian rhythms [70,71], while limited attention has been
paid to psychological well-being and social behavior. The exploration and creation of op-
timal lighting conditions for well-being and social behavior should also be a motivation of
integrative lighting design.

5. Conclusions

Exposure to bright versus dim illuminance increases state self-control and satisfac-
tion with light and decreases perceived anonymity, while subjective positive and nega-
tive mood remain unaffected. Ambient illuminance renders a task-specific effect on al-
truism, with explicit altruistic behavior rather than implicit altruistic outcomes being pro-
moted with bright versus dim illuminance exposure. Satisfaction with light and perceived
anonymity partially mediate the association between ambient illuminance and explicit al-
truism. These findings, together with the current literature, suggest that exposure to bright
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illuminance holds the possibility to regulate perceived anonymity and satisfaction and
thus functions as a practical strategy to promote prosocial behavior.
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