<@ sustainability

Article

How Does Ant Forest Influence Low Carbon Consumption
Behavior: An Analysis Based on the S-O-R Model

Wei Xiong 1, Danping Liu %*, Zizi Li !, Qiaoyi Wang 2 and Shibin Yao 2

check for
updates

Citation: Xiong, W.; Liu, D.; Li, Z.;
Wang, Q.; Yao, S. How Does Ant
Forest Influence Low Carbon
Consumption Behavior: An Analysis
Based on the S-O-R Model.
Sustainability 2024, 16, 1736. https://
doi.org/10.3390/5u16051736

Academic Editor:

Gioacchino Pappalardo

Received: 31 October 2023
Revised: 7 December 2023
Accepted: 13 December 2023
Published: 20 February 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Research Institute of Natural Gas Economy, PetroChina Southwest Oil & Gas Field Company,
Chengdu 610051, China

2 School of Management, Xihua University, Chengdu 610039, China

*  Correspondence: liudanping0603@163.com

Abstract: As environmental problems continue to worsen, new ways need to be found to stimulate
people to be proactive in protecting the environment and engage in low-carbon behaviors. The use
of eco-friendly apps may become a powerful tool for promoting offline environmental activities
and encouraging low-carbon consumption behavior. Using survey data from 298 Ant Forest app
users and based on the theory of consumption value, this study applies the S-O-R model and uses
structural equation modeling (SEM) to explore the impact of Ant Forest usage on consumers’ low-
carbon behavior. Our research shows that Ant Forest usage enhances users’ low carbon purchase
behavior and habitual low carbon consumption behavior. Epistemic, emotional, and social values
play mediating roles in the usage and low-carbon consumption behaviors of Ant Forest users. When
users feel the epistemic, emotional, and social values of using Ant Forest, they are more willing to
engage in low-carbon consumption behavior. Herd mentality serves as a moderating variable that
amplifies Ant Forest users’ sense of experience, enabling them to derive more epistemic and social
value from using Ant Forest. Ant Forest’s online games and offline environmental activities help
users develop low-carbon consumption habits, and this is worth promoting and replicating.

Keywords: S-O-R theoretical model; low carbon consumption behavior; consumption value theory;
Ant Forest usage behavior; environmental concern

1. Introduction

Our planet’s environment has been deteriorating noticeably and today our world faces
daunting environmental challenges. According to the Fifth Assessment Report of the United
Nations Intergovernmental Panel on Climate Change (IPCC), Earth’s surface temperature
will rise by an average of 0.3 °C to 4.8 °C by the end of this century [1]. Researchers
agree that environmental change is closely related to human activities [2,3], and one of
the main causes of environmental degradation is massive emissions of greenhouse gases
by human beings [4]. Encouraging sustainable lifestyle behaviors is one strategy aimed
at addressing this issue [5], and many voices are now calling for consumers to adopt
low-carbon consumption behavior in their daily lives as a way of mitigating their negative
impact on the environment [6].

A great deal of academic research has focused on low-carbon behaviors [7,8], including
low-carbon travel behavior [9], low-carbon business practices [10], low-carbon consumption
behavior [11], and so on. Among these, low-carbon consumption behavior has the largest
and most direct impact on the environment [12]. Low-carbon consumption behavior,
characterized by energy conservation and emission reduction, has attracted the attention
of scholars and governments around the world, and many researchers have affirmed
the positive role of the Low-Carbon City Pilot in influencing individual behavior to a
certain extent [13]. However, although more and more people have begun to realize the
importance of low-carbon consumption, only a small number of consumers actually engage
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in low-carbon consumption [14]. Consumption activities have been relatively unaffected by
government intervention [15], and because low-carbon products tend to be more expensive
than traditional products, consumers rarely buy them.

While external incentives (e.g., slogans and advertisements) may stimulate consumers’
willingness to engage in green consumption, they seldom produce behavioral change [16].
New ideas are given by Chen et al.’s (2020) study, which argues that environmental conser-
vation activities based on digital technologies can foster green consumption users and may
be a key tool in combating global climate change [17]. Several e-commerce platforms that
promote green consumption through gamification have emerged, the most representative of
which in China is Alipay’s Ant Forest. Users of this app earn “energy” through low-carbon
consumption, such as paperless payment, green travel, and non-cutlery takeout. When
a user reaches a certain level, the platform will plant a real tree and issue a certificate,
thus motivating users to participate long-term and engage in green consumption behavior
that ultimately produces tangible environmental effects. We combed the literature on Ant
Forest affecting consumer behavior. Extant research on the impact of Ant Forest has mainly
focused on users’ usage motivations and usage behavior [17,18]. How Ant Forest users’
usage behavior actually affects their low-carbon consumption practices from the perspec-
tive of consumption value remains unexplored. In order to address this research gap, we
applied the consumption value theory based on an S-O-R model to determine if and how
Ant Forest users’ usage behavior correlated with their low-carbon consumption behavior.

In this study, an S5-O-R theoretical model was established using Ant Forest users’
usage behavior as the stimulus (independent variable), consumption value as the organism
(intermediate variable), and low-carbon consumption behavior as the response (outcome
variable). We collected the views of Ant Forest users through a questionnaire survey,
analyzed how their Ant Forest usage affected their daily low-carbon consumption behavior,
and examined whether the process changed when affected by others” behavior (herd
psychology). A total of 298 valid survey questionnaires were obtained and a structural
equation model was used to analyze the data.

This study focuses on addressing the gap of how Ant Forest users” usage behavior
affects low-carbon consumption behavior. And this study extends the current literature
on green consumption, the Ant Forest app and other pro-environmental platforms, and
consumption value, providing new perspectives on the promotion of low-carbon consump-
tion. At the same time, these insights about the Ant Forest action mechanism offer valuable
direction for other online public welfare environmental protection projects.

2. Theoretical Background and Hypothetical Development
2.1. Stimulus-Organism-Response Model

The stimulus-organism-response (5-O-R) model was initially put forward by Mehra-
bian & Russell (1974) [19] and was applied in the field of environmental psychology. It
is used to examine the process of external environmental stimulation on individual con-
sumption behavior. “Stimulus” refers to external factors that affect individual cognition.
“Organism” refers to an internal process that intervenes between a stimulus and a response.
“Reactions” are often conceptualized as individual approaches or avoidance behaviors. The
model suggests that various aspects of the environment, such as perceptual, physiological,
sensory, and mental activities, affect people’s internal state and organic experience. This
internal state in turn drives their behavioral responses [19]. Scholars often use the S-O-R
model to study consumer behavior. Islam (2020) found that peer-to-peer surveillance
influenced satisfaction with group work through mediators such as perceived surveil-
lance (cognition) and stress (affect) [20]. Kim (2019) probed structural relationships among
sport service environments, excitement, consumer-to-consumer interaction, and consumer
citizenship behaviors based on the S-O-R model [21].

The S-O-R model has wide applicability, and studies have shown that S-O-R theory
can reasonably explain the mechanism of external stimulus on consumer behavior. This
study offers a theoretical model with Ant Forest usage behavior as S, consumption value as
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O, and low-carbon consumption behavior as R, and investigated the moderating effect of
herd mentality. Figure 1 depicts our theoretical model.
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Figure 1. Theoretical model.

2.2. Ant Forest Usage Behavior

Ant Forest is a public welfare initiative that aims to motivate consumers to reduce
their carbon emissions. In Ant Forest, traveling by walking, subway, bus, and/or by shared
bicycle, online payments for purchases, online payments for utilities and other bills, online
registrations, online ticket purchases, and other behaviors that reduce carbon emissions
produce green energy in 24 h. Users can use their accumulated green energy to raise a
virtual tree. After the tree grows and the user accumulates enough green energy to buy a
tree or a piece of publicly protected land online, Ant Forest, public welfare organizations,
and environmental protection companies plant a physical tree or guard the corresponding
area of protected land in a real area, and grant the user a tree planting certificate with
a unique number to cultivate and encourage low-carbon and environmental protection
behaviors. Based on the source of green energy acquisition and expenditure direction of
the individual Ant Forest account, Ant Forest usage behavior can be divided into three
categories: self-participation behavior, reciprocal behavior, and commonweal behavior [18].

Although scholars have varying views about self-participation behavior, most agree
that it is important. Consumer self-participation behavior refers to the degree to which
consumers participate in the service and delivery of products and services by following a
set of prescribed actions [22]. It is voluntary behavior that occurs without employee help or
supervision [23]. Ant Forest self-participating behavior is independent behavior in which
users initiate action to obtain green energy, such as harvesting their own green energy and
planting a tree in their own name.

Reciprocity is a principle that underpins human morality and provides a stabilizing
mechanism for social systems [24]. In addition to sociological research, the concept appears
in economics, psychology, management, and other disciplines. Because reciprocity spans
disciplines, scholars classify it in various ways. Fehr & Géchter (1998) and Offerman (2002)
considered reciprocity as a physical response to friendly or unfriendly behavior and divided
it into positive or negative reciprocity [25,26]. According to Rabin (1993), reciprocity usually
refers to subtle reciprocal friendliness or unfriendliness, i.e., either positive reciprocity or
negative reciprocity [27]. Reciprocal behavior in Ant Forest refers to the two-way flow of
green energy or cooperative consumption through interaction with friends on the app, and
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includes actions such as “stealing” friends’ energy and cooperating with friends to plant
trees [18].

Commonweal behavior refers to individuals or social groups promoting the devel-
opment of human welfare by donating to a cause or providing services or caring activi-
ties [28,29]. Factors that affect commonweal behavior may be individual factors or social
factors. Individual factors include motivation, personality, income, social network, and
others [30]. Social factors may be government policies, religion, the transparency of charity,
and others [31,32]. Ant Forest commonweal behavior is a one-way action using green
energy from one’s own account to participate in public welfare projects such as watering
trees in public welfare forests [18].

2.3. Hypotheses
2.3.1. Ant Forest Usage Behavior and Low-Carbon Consumption Behavior (LCB)

Low-carbon consumption behavior includes low energy consumption, low pollution
and low emissions purchasing, and use and recycling of low-carbon products (including
intangible services) [33,34]. In this study, we divided LCB into two dimensions: purchasing
low-carbon consumption behavior (PLCB) and habitual low-carbon consumption behavior
(HLCB) [35,36]. PLCB refers to reducing carbon emissions by buying energy-saving or
low-carbon products [35]. HLCB refers to the adoption of a low-carbon lifestyle through
the adjustment of daily living habits and adoption of behaviors that directly reduce carbon
emissions [36].

Ant Forest is an online public welfare environmental protection initiative that was
launched by Alipay in 2016. Users can reduce carbon emissions by limiting their use of
disposable products, improving the efficiency of heating or cooling equipment, using public
transportation, and other forms of low-carbon consumption behaviors (HLCB). They can
also reduce carbon emissions by purchasing energy-saving appliances and environmentally
friendly decorative materials (PLCB). This offline low-carbon consumption behavior is
rewarded with green energy from Ant Forest, which can then be used to water the user’s
own virtual tree [37]. When a certain amount of green energy is accumulated, Ant Forest
will plant a real tree in the Chinese desert in the name of the user. This positive feedback is
intended to incentivize users to develop low-carbon consumption habits. Based on this, we
offer the following hypotheses:

H1. Ant Forest usage behavior has a positive effect on consumption behavior.
H1la. Ant Forest usage behavior has a positive effect on habitual LCB.

H1b. Ant Forest usage behavior has a positive effect on purchasing LCB.

2.3.2. Ant Forest Usage Behavior and Consumption Value

The theory of consumption value is a marketing concept that offers insight into the
motivations that underpin consumers’ consumption behaviors [38]. Consumption value
refers to the utility that consumers realize when purchasing goods or services. In other
words, it is the perception and evaluation of value gained in exchange for what is expended
(including money, time, energy, etc.) [39]. The consumption values that affect consumer
behavior can be divided into epistemic, emotional, social, functional, and conditional
values. Consumer value theory has been used in various disciplines, including marketing,
economics, psychology, and sociology [38,40,41], and has been shown to have predictive
effectiveness [42]. Kaur et al. (2018) analyzed the reasons why people use online social
media brand communities from the perspective of consumption value theory [43]. Sweeney
(2001) used functional, social, and emotional values to develop a perceived value scale
to assess consumers’ perception of the value of durable goods at the brand level [44].
After considering the product characteristics of Ant Forest users’ usage behavior, we
adopted epistemic, emotional, and social values to investigate how consumers” Ant Forest
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usage behavior stimulated their daily low-carbon consumption behavior under an S-O-R
framework. Epistemic value refers to the perceived utility of a product or service that
stimulates intellectual curiosity and provide novelty [45]. Emotional value refers to the
perceived utility generated by a product or service that stimulates emotions or emotional
state [46]. Social value refers to the perceived utility of a product or service in relation to
one or more social groups [47].

Ant Forest users can engage in a range of activities, such as picking green energy,
designing virtual trees, and planting trees. A sense of accomplishment is one of the main
motivations for people to keep playing online games [48]. Ant Forest provides total energy
rankings and weekly dynamic energy rankings, a feature that caters to the top users’ sense
of accomplishment [49,50]. Other users derive emotional value from their Ant Forest usage
behavior. Users need to learn the rules of the game before using Ant Forest, and this
encourages them to understand which consumption behaviors will earn green energy.
They must acquire green knowledge and understand related environmental protection
issues [51]. Thus, they can obtain epistemic value through Ant Forest usage behavior.
Previous research indicates that interaction is an important aspect of media use [52,53]. Ant
Forest allows users to connect socially by watering a friend’s tree or helping others acquire
energy [54]. These activities allow users to feel connected to others [55] and thereby feel
social satisfaction [56]. When surrounded by friends who use Ant Forest, an individual
will likely participate in Ant Forest to fit in and be accepted, thereby acquiring social value.

Therefore, we propose the following hypotheses:

H2. Ant Forest usage behavior has a positive effect on consumption value.
H2a. Ant Forest usage behavior has a positive effect on epistemic value.
H2b. Ant Forest usage behavior has a positive effect on emotional value.

H2c. Ant Forest usage behavior has a positive effect on social value.

2.3.3. Consumption Value and Low-Carbon Consumption Behavior (LCB)

Consumption value is key to explaining the purchasing behavior of green prod-
ucts [57], but most of the literature does not explain consumer behavior from the perspec-
tive of the values that guide it [58]. In biofuel research, emotional and epistemic values are
identified as the main factors that encourage biofuel purchase intention [59]. In studies
of bamboo products, epistemic and emotional values have been shown to have a positive
impact on purchase intention [60]. Sustainable consumption behavior is an important part
of low-carbon consumption behavior and can promote sustainable consumption behav-
ior [61-63], which in turn has a positive impact on low-carbon consumption behavior. For
young consumers’ sustainable consumption, social and emotional values are significantly
related to green purchase intention [61]. Therefore, we offer the following hypotheses:

H3. Consumption value has a positive effect on consumption behavior.
H3a. Epistemic value has a positive effect on habitual LCB.

H3b. Epistemic value has a positive effect on purchasing LCB.

H3c. Emotional value has a positive effect on habitual LCB.

H3d. Emotional value has a positive effect on purchasing LCB.

H3e. Social value has a positive effect on habitual LCB.

H3f. Social value has a positive effect on purchasing LCB.
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2.3.4. The Mediating Role of Consumption Value

Ant Forest is a simple, enjoyable game that not only provides users entertainment
and relaxation, but also allows them to gain a sense of accomplishment and satisfaction by
participating in environmental public welfare activities [49]. Ant Forest utilizes a points
ranking system that helps activate users” enthusiasm and subjective initiative to participate
in public welfare and environmental protection activities. Ant Forest users generate and
accumulate green energy through a series of low-carbon behaviors to grow a virtual online
tree to a level where the virtual tree can be used to buy a real tree. This design gives users
a sense of psychological satisfaction and achievement. Ant Forest has also branched out
with themes such as family tree, love tree, and classmate forest to appeal to various social
circles and meet the social interaction needs of users in various identity roles and social
groups. Consumption value plays an important role in guiding individual consumption
behavior, and when users form low-carbon consumption value through their Ant Forest
usage behavior, this carries over into their actual consumption behavior. Therefore, we
offer the following hypotheses:

H4. Consumption value positively mediates the relationship between Ant Forest usage behavior
and consumption behavior.

H4a. Epistemic value positively mediates the relationship between Ant Forest usage behavior and
habitual LCB.

H4b. Epistemic value positively mediates the relationship between Ant Forest usage behavior and
purchasing LCB.

H4c. Emotional value positively mediates the relationship between Ant Forest usage behavior and
habitual LCB.

H4d. Emotional value positively mediates the relationship between Ant Forest usage behavior and
purchasing LCB.

H4e. Social Value positively mediates the relationship between Ant Forest usage behavior and
habitual LCB.

H4f. Social Value positively mediates the relationship between Ant Forest usage behavior and
purchasing LCB.

2.3.5. The Moderating Role of Herd Mentality

Herd mentality refers to the psychological phenomenon that people are easily influ-
enced by others in a group and tend to agree with the opinions and follow the behaviors of
the majority [64]. Research suggests that very few people are able to remain unaffected by
public opinion and that herd mentality is a relatively common phenomenon in society [65].
Sarang Sunder (2019) applied the herd mentality concept to an online rating study to
analyze the role of rater experience, product portfolio, and divergent opinions [66]. The
main motivation for organic food consumption is health consciousness, and herd mentality
amplifies this effect [67]. In addition, herd mentality has a significant positive impact on
college students” consumption behavior (Siti et al., 2018) [68]. The Ant Forest app includes
joint participation and user interaction features (Ashfaq et al., 2022) [69], and the rank
settings stir up competition among users. Given that people are generally affected by the
behavior of others [65], we propose the hypothesis that herd mentality affects the value
perception of Ant Forest users and thus affects their low-carbon consumption behavior.

H5. Herd mentality positively moderates the effect of Ant Forest usage behavior on consumption value.

H5a. Herd mentality positively moderates the effect of Ant Forest usage behavior on epistemic value.
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H5b. Herd mentality positively moderates the effect of Ant Forest usage behavior on emotional value.
H5c. Herd mentality positively moderates the effect of Ant Forest usage behavior on social value.

Based on an S-O-R model, we posit that when Ant Forest users adopt a low-carbon
environmentally friendly lifestyle with their Ant Forest usage behavior, they are then
influenced by other app users. Therefore, we propose:

He6. Herd mentality positively moderates the effect of Ant Forest usage behavior on consumption
behavior.

Heéa. Herd mentality positively moderates the effect of Ant Forest usage behavior on habitual LCB.

Heéb. Herd mentality positively moderates the effect of Ant Forest usage behavior on purchasing LCB.

3. Research Method
3.1. Measurement

The questionnaire was developed by the author together with an instructor, who
provided guidance on the questionnaire’s design, and two colleagues, who helped translate
the instrument and analyze data from the returned questionnaires. The questionnaire
was comprised of two parts: respondents’ demographics and construct measurements.
Extant mature scales were used. Eleven items adapted from Mi et al. (2021) [18] were
used to evaluate Ant Forest usage behavior; social value was measured with four items;
emotional value was measured with three items; and epistemic value was measured with
four items adopted from the study by Lin & Huang (2012) [57]. The scale of purchasing low-
carbon consumption behavior was measured with three items, and habitual low-carbon
consumption behavior was assessed with five items adopted from the study by Mi et al.
(2019) [11]. Herd mentality was assessed with three items adapted from the study by Apuke
& Omar (2020) [70]. The questionnaire contained 33 items that were rated on a 5-point
Likert scale.

The questionnaire was distributed online via a popular Chinese social media platform
(WeChat) to participants who regularly use smartphones. Prior to the study, we conducted
a pilot test with 60 participants to confirm the understandability, reliability, and validity of
the instrument. For the study, the questionnaire was distributed to 400 participants, who
were screened based on whether they had used Ant Forest. After excluding those who
had not used Ant Farm, we collected questionnaires from 366 respondents. After further
eliminating those with contradictory or missing responses or other anomalies, we obtained
valid questionnaires from 298 respondents, for a validity rate of 74.5%. Most respondents
(57.4%) were between the ages of 18 and 30, and 54% were female. More than half (66.8%)
were undergraduate students. In terms of average monthly income, the majority (53.7%)
earned less than 3000 RMB. Table 1 provides the demographics of the survey respondents.

3.2. Data Analysis Procedure

SPSS and MPLUS 4.3 were utilized to analyze the collected data. Firstly, a mea-
surement model was estimated using confirmatory factor analysis (CFA). Measurement
quality testing was performed to assess the reliability and validity of the constructs with
item measures and the fit of the measurement model. Subsequently, structural equation
modeling (SEM) was conducted to assess the proposed model and test the hypothesized
relationships. These processes were in accordance with the suggestions of Anderson &
Gerbing (1988) [71].
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Table 1. Demographics of the survey respondents (1 = 298).
Variable Range Frequency Percentage (%)
Male 137 46%
Gender Female 161 54%
under 18 5 1.7%
18-30 171 57.4%
Age 31-40 83 27.9%
41-50 38 12.8%
More than 50 1 0.3%
Less than 3000 RMB 160 53.7%
Income 3001-6000 RMB 79 26.5%
6001-9000 RMB 33 11.1%
More than 9000 RMB 26 8.7%
Married 72 24.2%
Marriage Divorced 3 1%
Single 223 74.8%
High school and below 5 1.7%
Junior college 30 10.1%
Education Bachelor’s degree 199 66.8%
Master’s degree 53 17.8 v%
Doctoral degree 11 3.7%
Student 129 43.3%
Government and public 1 79
institutions employ ’
Job Freelancer 35 11.7%
Employees of the private sector 71 23.8%
Self-employed person
Others 42 14.1%
4. Results

4.1. Exploratory Factor Analysis for Ant Forest Usage Behavior

To check the validity of the Ant Forest usage behavior scales, exploratory factor
analysis (EFA) was conducted. The appropriateness of factor analysis on Ant Forest usage
behavior items (KMO = 0.927, Bartlett’s test of sphericity = 2083.456, df = 55, p < 0.001)
showed that the use of EFA was suitable (Hair et al., 1998) [72]. (see Table 2).

4.2. Measurement Model Testing

Confirmatory factor analysis (CFA) was performed to validate the measurement model.
The comparative fit index (CFI), Tucker—Lewis index (TLI), standardized root mean square
residual (SRMR), and root mean square error of approximation (RMSEA) were computed
to assess goodness of fit. The results of CFA indicated that our measurement model
fit the data well (x2 (311) = 1062.776, p < 0.001; CFI = 0.886; TLI = 0.871; SRMR = 0.07;
RMSEA = 0.09). Table 2 shows that the values of Cronbach’s « coefficient ranged from 0.831
to 0.929 for all factors, indicating sufficient internal consistency. Convergent validity was
verified by computing the average variance extracted (AVE) and composite reliability (CR)
for each construct. All AVE values were greater than 0.50 and CR values surpassed 0.60
(See Table 2), suggesting that the model had good convergent validity (Fornell & Larcker,
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1981) [73]. The discriminant validity of the model was tested by comparing the AVE values
to the squared correlations between corresponding constructs (Fornell & Larcker, 1981). All
AVE values were greater than the squared correlations of paired constructs, reflecting good

discriminant validity.

Table 2. Results of the measurement model.

Construct Item Item Loading Cronbach’s « AVE CR
HM1 0.861
Herd mentality M2 0844 0.831 0.677 0.893
HM3 0.878
HM4 0.695
SPB1 0.884
SPB2 0.89
SPB3 0.847
RB1 0.82
Ant Forest usage RB2 0883 0.929 0713 0.964
behavior RB3 0.86 ’ ’ ’
RB4 0.767
RB5 0.704
CB1 0.881
CB2 0.869
CB3 0.861
SV1 0.793
Social value 5V2 0935 0.920 0.808 0.944
SvV3 0.947
Sv4 0.912
EmV1 0.921
Emotional value EmV2 0.899 0.899 0.832 0.937
EmV3 0.917
EPV1 0.883
Epistemic value EPV2 0.856 0.896 0.765 0.929
EPV3 0.891
EPV4 0.838
HLCB_1 0.784
HLCB_2 0.828
consumption behavior  TLCB3 0814 085 0638 08%
HLCB_4 0.756
HLCB_5 0.809
PLCB_1 0.854
Purchasing low-carbon PLCB_2 0.855
consumption behavior PLCB 3 0.884 0.879 0.734 0.917
PLCB_4 0.834
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In addition, Table 3 provides the value of discriminant validity. The square roots of the
AVE of each construct were greater than the values of the correlation coefficient between
constructs, which indicated that the discriminant validity was acceptable.

Table 3. Correlation matrix and discriminant validity.

Construct

Mean S.D. 1 2 3 4 5 6 7

(1) Herd mentality

3.494 0.793 0.677

(2) Ant Forest usage behavior

3.679 0.765 0.639 *** 0.713

(3) Social value

3.310 0.957 0.646 **  0.633 *** 0.808

(4) Emotional value

3.695 0.873 0.605 ***  0.663 ***  (.755 *** 0.832

(5) Epistemic value

3.663 0.821 0.587 **  0.751 ***  0.748 **  0.751 *** 0.765

(6) Habitual low-carbon
consumption behavior

3.942 0.675 0.494 ***  0.624 *** 0.497 ***  0.538 ***  (0.651 *** 0.638

(7) Purchasing low-carbon
consumption behavior

3.841 0.712 0.512 %% 0.603 ***  0.582 **  0.538 ***  0.643 ** 0.741**  0.734

% < 0.001.

4.3. Structural Model

In order to test the hypotheses, we adopted structural equation modeling. Table 3
shows the estimation results of the path coefficients of the model. The hypothesized as-
sociations among research variables were evaluated. The principal effects of Ant Forest
usage behavior on purchasing low-carbon consumption behavior and habitual low-carbon
consumption behavior were verified ( = 0.201, p < 0.001), indicating that Hla and H1b
were supported. Ant Forest usage behavior positively affected epistemic, emotional, and
social values (BEPV = 0.531, p < 0.001; BEmV = 0.412, p < 0.001; SV = 0.376, p < 0.001),
supporting H2a, H2b, and H2c. The effect of emotional value on purchasing low-carbon
consumption behavior and habitual low-carbon consumption behavior was not signifi-
cant. Also, the effect of social value on habitual low-carbon consumption behavior was
not significant, so it was assumed that H3d, H3c, and H3e were not supported. Social
and epistemic values positively affected purchasing low-carbon consumption behavior
(BSV =0.127, p < 0.05; BEPV = 0.274, p < 0.001), so H3d and H3f were supported. Epistemic
value positively affected habitual low-carbon consumption behavior (3 = 0.343, p < 0.001);
therefore, H3a was supported. (see Table 4).

We used SPSS PROCESS to test the mediation effects, and the results suggested that
epistemic, emotional, and social values do mediate the effect of Ant Forest usage behavior
on habitual low-carbon consumption behavior. All intervals did not include 0, and the
mediation effect sizes were 0.3144, 0.3280, 0.1298, 0.1635, 0.0950, and 0.1970, respectively.
Therefore, H4a, H4c, and H4e were supported. It is also seen in Table 5 that there were
significant mediation effects between Ant Forest usage behavior and purchasing low-carbon
consumption behavior through epistemic, emotional, and social values. All intervals did
not include 0, and the mediation effect sizes were 0.3280, 0.1635, and 0.1970, respectively,
thus supporting H4b, H4d, and H4f. (see Table 5).
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Table 4. Results of SEM for the entire sample.
Standardized
Hypotheses Paths Coefficient T-Value Results
Hia Ant Forest usage behav1.or — hab}tual 0.201 **+* 4497 Supported
low-carbon consumption behavior
Hib Ant Forest usage behav10.r — purcl}asmg 0.187 ** 3.959 Supported
low-carbon consumption behavior
H2a Ant Forest usage behavior — epistemic value 0.531 *** 13.353 Supported
H2b Ant Forest usage behavior — emotional value 0.412 *** 8.799 Supported
H2c Ant Forest usage behavior — social value 0.376 *** 7.476 Supported
H3a Epistemic value - habitual l.ow-carbon 5060 0.343 Supported
consumption behavior
H3b Epistemic value — Purchasmg low-carbon 3.986 0.274 Supported
consumption behavior
H3c Emotional value - habitual .low—carbon 0.929 0.052 Unsupported
consumption behavior
H3d Emotional value — Purchasmg low-carbon —0132 —0.008 Unsupported
consumption behavior
H3e Social value — h.ab1tual low—carbon 0697 0036 Unsupported
consumption behavior
H3¢ Social value — pu.rchasmg lpw—carbon 2348 * 0.127 Supported
consumption behavior
Hba Int — epistemic value 2.359 * 0.055 Supported
H5b Int — emotional value 1.021 0.028 Unsupported
Hb5c Int — social value 3.419 ** 0.100 Supported
Hé6a Int — habitual LCB —0.490 —0.011 Unsupported
Héb Int — purchasing LCB 1.755 0.041 Unsupported
Note: Int = HM x Ant Forest usage behavior. * p < 0.05; ** p < 0.01; *** p < 0.001.
Table 5. Results of SEM for the entire sample (mediation effects).
Standardized
Hypotheses Paths Coefficient LLCI ULCI Results
Ant Forest usage behavior — epistemic value —
Hda habitual low-carbon consumption behavior 0-314 0.198 0424 Supported
Ant Forest usage behavior — epistemic value —
Hib purchasing low-carbon consumption behavior 0-328 0-224 0426 Supported
Ant Forest usage behavior — emotional value —
Hic habitual low-carbon consumption behavior 0-130 0.046 0-230 Supported
Ant Forest usage behavior — emotional value —
Had purchasing low-carbon consumption behavior 0-164 0.055 0272 Supported
Ant Forest usage behavior — social value —
Hde habitual low-carbon consumption behavior 0.095 0.014 0.172 Supported
Haf Ant Forest usage behavior — social value — 0.197 0.105 0.282 Supported

purchasing low-carbon consumption behavior

We ran moderated regression models to test the moderating effects. In testing H1
and H2, we found that Ant Forest usage behavior alone had an influence on consumption
value and consumption behavior. Thus, we focused our analysis on the relationship
between Ant Forest usage behavior, consumption value, and herd mentality, as well as the
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relationship between Ant Forest usage behavior, consumption behavior, and herd mentality.
According to the results in Table 4, the interaction between Ant Forest usage behavior and
herd mentality was significant for social value (3 = 0.100, p < 0.001), indicating support
for H5c. The influence of Ant Forest usage behavior on social value was moderated by
herd mentality. In addition, the interaction between Ant Forest usage behavior and herd
mentality was significant for epistemic value (3 = 0.055, p < 0.05), supporting H5a, and
the influence of Ant Forest usage behavior on epistemic value was moderated by herd
mentality. The moderating effect is depicted in Figures 2 and 3.
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Figure 2. Interaction between Ant Forest usage behavior and epistemic value.
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Figure 3. Interaction between Ant Forest usage behavior and social value.
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5. Discussion and Contributions
5.1. Discussion

Although scholars have looked into the impact of gaming on green consumption be-
havior, few studies have examined the relationship between the two from a consumer value
perspective. Using Ant Forest as the research object and based on survey data from 298 Ant
Forest users, we developed an S-O-R model based on the theory of consumption value and
explored the impact of Ant Forest usage on consumer spending behavior. We also examined
the mediating effect of consumption value and the moderating effect of herd mentality.
On the basis of theoretical analyses, hypotheses of the relationship between the variables
were proposed, and empirical analyses were used to verify the validity of these theoretical
hypotheses. Most of our hypotheses were supported, indicating that, although Ant Forest
is a game, it subconsciously influences consumers’ low-carbon consumption behavior.

Firstly, we verified that Ant Forest usage affected users’ consumer spending habits.
The environmental protection knowledge introduced in the Ant Forest interface together
with the experience of obtaining saplings through the game boosted users” environmental
concern, prompted them to be aware of their own consumption behavior, and motivated
them to adopt both purchasing LCB and habitual LCB. This is in line with Chen et al.’s
(2020) study that suggested that digital technology can increase people’s willingness to
protect the environment [17].

Secondly, the Ant Forest game design provides users with epistemic value (green
knowledge), emotional value (satisfaction), and social value (social connection), which in
turn leads them to consider their own low-carbon consumption behavior. In this study,
an S-O-R model was developed to explain this pathway. Specifically, we found that users
acquired relevant, novel, green knowledge through the Ant Forest game, and the perceived
value of stimulating intellectual curiosity and providing novel knowledge subconsciously
influenced them to adopt habits of purchasing LCB and habitual LCB. The design of Ant
Forest’s scoreboard gives users a sense of psychological satisfaction and achievement, and
this emotional value stimulates a sense of goodwill, enthusiasm, and subjective initiative to
participate in public welfare and environmental protection activities. The study by Zhang
et al. (2022) also mentioned these ideas [56]. Furthermore, social value is another path that
makes Ant Forest users willing to adopt low-carbon consumption behavior. Ant Forest not
only meets the social needs of users, but because playing the game generates a tangible
benefit for society, users gain satisfaction for being recognized by the community, which
further incentivizes them to engage in green behaviors.

Thirdly, we introduced herd mentality as a moderating variable in our study. Because
Chinese people generally have herd mentality, when a majority of the population recognize
and use a certain app or play a game, others tend to conform. Herd mentality amplifies the
experience of Ant Forest users and increases the cognitive and social value of the Ant Forest
experience, thereby satisfying users’ need for knowledge acquisition, social interaction,
and social recognition. However, we found that herd mentality did not enhance users’
experience of emotional value, which differed from the findings of Siti et al. (2018) and
may be due to the fact that emotional value is more personal and less influenced by the
general public [68]. Herd mentality does not play a moderating role between Ant Forest
users and low-carbon consumption behavior for several reasons. Firstly, Ant Forest is a
game, and as such affects a relatively limited number of people. Secondly, the formation of
low-carbon consumption behavioral habits takes time, and a significant herd mentality has
yet to manifest.

5.2. Theoretical Contributions

This study offers new perspectives on the promotion of green and low-carbon con-
sumption behaviors. The main theoretical implications are:

The authors postulate that usage of the Ant Forest app affects consumer consumption
behavior, thereby enriching previous research on the factors that influence consumer con-
sumption behavior. We determined that using the Ant Forest app affects users’ consumer
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purchasing behavior and that ongoing use of Ant Forest promotes habitual low-carbon
behaviors. These findings extend the extant literature on green consumption, Ant Forest
and other pro-environmental platforms, and consumer value. Based on the theory of
consumption value and using an S-O-R model, we identified the transmission path of
consumption value and ascertained how the usage behavior of Ant Forest users can be
transformed into low-carbon consumption behavior. As Ant Forest users gain cognitive,
emotional, and social values from their involvement with Ant Forest, they become more
willing to engage in low-carbon behaviors. The proposed S-O-R transmission pathway pro-
vides a theoretical underpinning for how Ant Forest usage influences consumer behavior.
We also explored the influence of herd mentality on changes in consumption value and
consumption behavior of Ant Forest users. The herd mentality conformity tendency makes
Ant Forest users more amenable to the consumption value provided by Ant Forest and
more likely to adopt low-carbon consumption behavior.

5.3. Practical Contributions

Our findings suggest that the Ant Forest app influences users to develop low-carbon
consumption habits. Ant Forest offers a novel “online to offline” environmental protection
model that can effectively stimulate users” environmental behavior intentions. It would
behoove other pro-environmental organizations to consider developing similar platforms,
apps, or programs that provide environmental knowledge in a game format and thereby
inspire users to develop low-carbon consumption habits. Because consumer value plays
an intermediary role between Ant Forest users and low-carbon behaviors, these programs
should appeal to users’ cognitive, emotional, and social values. First, the knowledge base
must be rich enough to meet users” demand for low-carbon knowledge. For example, a
green trivia card can pop up when one completes a task. The app should also include
competitive elements, such as rankings, challenge lists, etc., that generate satisfaction and
increase stickiness. In addition, interactive elements such as cooperative tasks can be
incorporated to meet users’ social needs. Since users are influenced by herd mentality,
platform developers should seek to increase the visibility and attractiveness of small
programs or software through e-commerce platforms and social media campaigns, thereby
attracting more users to participate in environmental activities.

6. Limitations and Directions for Future Research

Like all research, this study had some limitations. Based on survey data from 298 Ant
Forest users, this study established an S-O-R model according to the consumption value
theory and concluded that the Ant Forest app influences users’ low-carbon consumption
behavior. However, as people transition to low-carbon consumption behavior, there can be
a rebound effect that was not addressed in this study. Engaging with Ant Forest requires
the use of mobile phones or other mobile devices, and these devices draw energy, which
contributes to carbon emissions. In addition, Ant Forest’s servers also consume energy and
produce carbon emissions. This rebound effect needs to be studied and evaluated when
assessing the environmental effects of Ant Forest in order to determine its environmental
impact more fully.

At the same time, given that Ant Forest is a local app and our survey respondents
were mostly Chinese, the possible influence of culture on the results is difficult to rule out.
Especially the influence of national herd mentality. People of different cultural backgrounds
may have different values and behaviors that might affect their intention to use Ant Forest
and their environmental protection behaviors. As Alipay’s influence has grown, some
countries outside of China have started to emulate Ant Forest with programs such as The
Philippine’s version of “GCashForest.” Therefore, future studies should explore the cultural
factors that may affect Ant Forest users and examine different cultural contexts.

In addition, this study considers only the moderating role of herd psychology and the
mediating role of consumer value. Other variables that could affect usage behavior, such as
role models and usage costs, are excluded from the current model. Therefore, future studies
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can introduce other variables to analyze the factors affecting the low-carbon consumption
behavior of Ant Forest users.
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