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Abstract

Gamification is part of modern mobile applications that serves as a design
element. The reward element in gamification has a positive role in stim-
ulating the behavioural intentions of the users. Having said that, plenty
of virtual and physical gamified rewards can be found in Ant Forest — a
popular large-scale mobile pro-environmental application in China. In par-
ticular, Ant Forest promotes environmental awareness and motivation among
its players attributable to its excellent application of gamified rewards to
pro-environmental behaviour of afforestation. This study applied the Stimuli-
Organism-Response (S-O-R) Model to construct a theoretical framework
with the variables of gamified rewards, environmental awareness and moti-
vation, and specifically focused on the mediating effect of environmental
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awareness. By using the stratified proportional sampling technique, 621 Ant
Forest users from six cities in China were surveyed to determine the role
of users’ environmental awareness using the Partial Least Square-Structural
Equation Modelling (PLS-SEM) approach. The study outcomes disclosed
that gamified rewards in Ant Forest had a positive and strong impact on
the environmental awareness of the users, while environmental awareness
displayed a positive and strong impact on the environmental motivation of the
users. Nonetheless, gamified rewards did not directly influence environmental
motivation. Given the key finding that environmental awareness exhibited a
strong mediation effect, it emerged as a key element that linked gamified
rewards with environmental motivation among users. Imminently, the appli-
cation scope of the S-O-R Model is expanded in this study. In doing so,
the significance of environmental awareness among users is highlighted for
the relationship between gamified reward and environmental motivation. In
addition, this study provides feasible suggestions for developers of environ-
mental applications to design effective gamification strategies by reasonably
stimulating users’ environmental awareness.

Keywords: Gamified reward, environmental awareness, environmental
motivation, S-O-R model, ant forest.

1 Introduction

As defined by Deterding et al. [1], gamification refers to “the use of game
design elements in non-game context”. This very concept of gamification was
extended by Hamari et al. [2] through the incorporation of motivational affor-
dances, as well as psychological and behavioural outcomes. The application
of gamification elements beyond the entertainment context appears to be an
effective solution that enhances both user experience and engagement, while
simultaneously improving behavioural motivation and outcomes [3].

From the lens of the theoretical research approach, gamification elements
are composed of two types: reward-based and meaningful [4]. Looking
at specific applications, the most common forms of gamified rewards are
external rewards (e.g., points, badges, & leader boards) [5]. The virtual
rewards attainable in a game, which consist of badges and trophies, mark the
achievements and progress of the players. Such rewards not only demonstrate
both the outstanding performance and expertise of the players, but also
gain recognition from other players of that game [6]. Given that points and
badges function as positive ‘reinforcers’ in gamification, they are effective



Unveiling the Mediating Role of Environmental Awareness 29

in generating enthusiasm among players that encourages them to further
participate in the game [6, 7].

Gamified designs promote environmental education to increase partic-
ipants’ knowledge, encourage their changes in attitudes and behaviours,
and practice their sustainable lifestyles [8]. Technology-enhanced gamified
learning enhances users’ learning experience, provides them with suffi-
cient environmental knowledge, and ultimately raises their environmental
awareness [9]. In addition, gamified interactions supported by visualization
elements transform originally intangible and abstract environmental issues
into more intuitive and tangible short-term goals to motivate the public to
meet sustainability challenges [10]. What makes it more acceptable to young
people is that virtual reward tokens issued by gamified digital activities
gradually change their lifestyles and transfer their participation and efforts
to improve the environment to adults [11]. Serious games, comprising of
digital games that are meant to meet social goals (e.g., sustainable devel-
opment), are largely untapped [4]. Notably, it has been proven that serious
games can spread sustainable behavioural intentions and achieve behavioural
change through effective gamification mechanisms [12]. Reward mechanisms
implemented in games have been reported to promote behavioural motivation
in both positive and negative ways, while concurrently influencing one’s
behaviour through operant conditioning [13, 14]. As pointed out by Whittaker
et al. [4], reward-based game mechanisms (i.e., badges and trophies) can
influence one’s sustainability knowledge in an effective manner, which in
turn, can affect the person’s behavioural value.

The reward element in gamification has the potential to drive the
behaviour of players through extrinsic motivation, thus inspiring them to
learn via execution [15]. Rewards, which serve as feedback in teamwork,
generate behavioural expectations for users and motivate them to continue
achieving higher goals and rewards [15]. Plenty of reward types have been
proven to motivate users to continue playing and attaining their desired goals
by adding the persuasiveness component to the game [16]. Upon analysing
the feedback provided by gamification users, Van Dooren et al. [16] revealed
that the more the users relied on material, the more likely they were motivated
by rewards. They added that in comparison to virtual points and social
rewards, the players displayed more willingness to accept monetary rewards.

Through the replication of the common game design element, gamifi-
cation has been vastly applied to drive user behaviour motivation [17] but
investigations on environmental motivation are in scarcity [10, 18]. Although
gamified rewards have been embedded into pro-environmental applications,
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they do not necessarily function as a condition [19]. In terms of practicality,
such rewards give a pleasant surprise to the users, improve their satisfaction
with the application effectively, and exert a positive impact on motivating the
users to participate in the behaviour incessantly [19].

When practicing pro-environmental behaviour; one’s behaviour level
that often exceeds that of awareness is known as the “awareness-behaviour
gap” [20]. As this awareness-behaviour gap is manifested in users, the
impact of environmental awareness on pro-environmental behaviour can be
weak [21]. Ling and Xu [22] revealed that when implementing environmen-
tal protection policies, financial incentives caused “motive exclusion” that
gradually solidified over time. Hence, economic incentives that are typically
used to induce pro-environmental behaviour may weaken environmental
motivation [22]. The guidance provided by the government and stakeholders
on sustainable consumption dictates the impact of consumer behaviour on
the environment, thus widening the gap between developed and developing
countries [23].

In recent years, mobile payment and sharing economy practised in China
have taken advantage of the wave of Internet progress to substantially min-
imise carbon emissions from personal activities, enhance resource utilisation,
and offer its citizens a greener and more efficient life [24]. Apparently, the
mass media has actively reinforced awareness among the public regarding
climate change [25]. Since the attention paid by users to life-related issues
highlighted on online platforms can enhance their environmental risk per-
ception [26], their environmental awareness becomes enhanced. Among the
vast Internet platforms, Alipay mobile application launched a gamification
module called ‘Ant Forest’ to meet the needs of its users [24].

Ant Forest refers to a pro-environmental mobile application [25]. This
application of Ant Forest makes use of the convenience of mobile payment to
encourage its users to practice pro-environmental behaviour in fragmented
time, besides cultivating their ecological habits and awareness [26]. The
users can exchange virtual rewards with daily low-carbon behaviour on the
mobile platform. Upon reaching a certain amount, the accumulated virtual
rewards can be exchanged for real rewards (real trees) via Ant Forest, in
which the trees are planted by Ant Forest across desert areas on behalf
of the users [26]. Ant Forest amalgamates green rewards, social media,
and persuasion to yield an excellent gamification system. Persuasion and
motivation are the two approaches deployed in Ant Forest to mobilise the
users’ sense of accomplishment and perceived entertainment as extrinsic and
intrinsic motivation, respectively [26]. One may say that Ant Forest connects
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environmental awareness and personal low-carbon behaviour through mate-
rialised gamification rewards in the most creative manner [27].

Although the popularisation of Internet technology has promoted the
development of environmental protection applications and social envi-
ronmental protection activities, the public knows very little about green
behaviours on the Internet [28]. The incentive effect of the Ant Forest
gamification platform on users has attracted the attention of researchers,
but different types of incentives (economic, value and social) show different
effects [29]. As a large-scale social application with more than 550 million
users, research on how Ant Forest influences users’ values and thus their
intention to participate in pro-environmental behaviours is still relatively
limited [30]. Especially under the influence of Ant Forest, the relationship
between environmental awareness and motivation and the reasons that trigger
them deserve more attention from researchers [31]. While most studies have
concentrated on the direct impact of gamification mechanisms, especially
the reward system, on pro-environmental behaviour [19, 27, 32-34], only
a handful of research work has looked into the role of users’ environmental
awareness and environmental motivation in light of gamification. Hence, the
research objectives of this study are:

* To detect the impact of gamified rewards on environmental awareness
and environmental motivation;

» To clarify the process of gamified reward affecting environmental
motivation;

* To analyse the role of environmental awareness in the process of
gamified reward affecting environmental motivation.

To achieve the above research objectives, the researchers applied the
Stimuli-Organism-Response (S-O-R) Model to construct a theoretical frame-
work and obtained research conclusions by verifying the directly hypotheses
among gamified reward, environmental awareness and motivation. In addi-
tion, the mediating effect of environmental awareness was also calculated
and analysed through indirectly hypothesis.

2 Theoretical Foundation

The S-O-R Model has been commonly applied as the theoretical foundation
in examining the effect of external stimuli on consumer motivation and
behaviour [35, 36]. In fact, the S-O-R Model is not new in investigations
revolving around gamification, consumer behaviour, and motivation [37].
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Mehrabian and Russell [38] initiated the S-O-R Model based on environmen-
tal psychology via three variables: (1) Stimulus (S) as the predictor variable,
(2) Organism (O) as the intervening variable, and (3) Response (R) as the
outcome variable [36].

The S-O-R Model may be deployed to assess consumers’ purchase inten-
tion, whereby the live broadcast features include external stimuli (S), user
perception (O), and purchase intention (R) [39]. For instance, Thomas and
Baral [40] considered gamification as the external stimulus, flow experience
as the feeling of organism, and learning participation as the response given
by users. Also, by deploying the S-O-R Model to propose a similar model,
Hwang and Choi [41] regarded the user’s attitude towards mobile applications
as the feeling of organism while the operation intention of the application as
the response provided by users.

Turning to this present study, gamified reward represents the Stimulus (S)
variable from the S-O-R Model [42]. Many studies have proven that including
reward elements in application design can excite and motivate users to per-
form the target behaviour [42—44]. Next, environmental awareness denotes
the Organism (O) variable [45]. Environmental awareness refers to the ability
of combining human activities, environmental status, and willingness to
participate in the cause of environmental protection [46—48]. Environmental
awareness also reflects the combination of one’s ability to detect environ-
mental issues and engage in the target behaviour [49]. Lastly, environmental
motivation signifies the Response (R) variable in this study [50]. Envi-
ronmental motivation often derives from external stimuli of environmental
degradation or acquired cognitive improvement [51]. Therefore, environmen-
tal motivation is the feedback of individuals to various internal and external
factors [52, 53].

Referring to the theoretical basis of the S-O-R Model and the research
variables retrieved from the literature review, the theoretical framework of
this study is as portrayed in Figure 1.

3 Hypotheses Development

Among the multiple gamification elements, the reward element has been
proven to exert a stronger impact on enhancing environmental awareness
stemming from its stronger persuasion strategy [54]. To better manage mod-
ern smart grids and electrical systems, many prominent electrical companies
have converted their feedback data information into gamified rewards (i.e.,
points, grades, & badges) for their users, thus gradually enhancing the
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Figure 1 The theoretical framework of this study.

awareness of energy consumption management among the users [55]. Along
that line, Wang and Yao [19] reported that 21 gamification elements embed-
ded in Ant Forest could be divided into four functional modules; reward, task
design, social interaction, and feedback, which jointly promoted the users’
environmental awareness. Hence, the following hypothesis is proposed:

H1. The gamified reward in Ant Forest positively affects the environmen-
tal awareness of users.

Prior studies disclosed that individuals who demonstrated green commitment
to engage in green behaviour (both mentally and physically) positively influ-
enced low-carbon travel motivation [56]. In promoting sustainable behaviour,
investing in emotional environmental factors is crucial so that the benefi-
ciaries reckon the importance of the natural environment and acquire the
necessary environmental knowledge to be enthusiastic and interested towards
protecting natural resources [57]. In studies related to environment-friendly
clothing behaviour, consumers’ awareness of the consequences of their
clothing behaviour positively influenced their behavioural intentions [58].
Therefore, the following is hypothesised:

H2. The environmental awareness of Ant Forest users positively affects
environ-mental motivation.

Gamification elements have been widely applied in the fields of environment,
finance, education, and management, to name a few. These elements offer
the users recognition and rewards for completing tasks successfully, while
influencing their behavioural motivation concurrently [59]. Upon assessing
the energy-saving behaviour of corporate employees, Kotsopoulos et al. [60]
found that recognition and rewards positively influenced the employees’
energy-saving motivation, including the motivation to plan their environ-
mental protection behaviour that reflects three gamification motivations (i.e.,
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self-actualisation, self-regulation, & affiliation needs). The green behaviour
displayed by Ant Forest users generates green energy as the instant feedback
point rewards, whereby those rewards can be converted into real vegetation
and such action once again strengthens the rewards for users to reduce
carbon footprints continually [31]. This effective reward mechanism stimu-
lates users’ enthusiasm to overcome environmental issues and becomes their
motivation to participate in environmental protection [31]. Therefore, the
following hypothesis is proposed:

H3. The gamified reward in Ant Forest positively affects the environmen-
tal motivation of users.

From the stance of neuroscience, the reward system generates a significant
stimulus to activate one’s behavioural motivation, in which meditation after
consciousness brings the feasibility and potential benefits of changes to
that individual [61]. Similarly, Ludwig et al. [62] expressed that individual
consciousness can leverage rewards at the neural level in driving behavioural
changes. Serious games and gamification enhance energy-saving consump-
tion awareness among the users by providing feedback (i.e., rewards), and
finally, implementing the behavioural outcomes [63]. As such, the following
is hypothesised:

H4. The environmental awareness of Ant Forest users mediates the
relationship between the gamified reward in Ant Forest and the envi-
ronmental motivation of users.

4 Methodology
4.1 Survey Design

The online survey method was deployed in this study to collect data
more comprehensively in meeting the research objectives. Wenjuanxing,
China’s largest online survey platform, was used as the tool to organise
the online questionnaire. The developed questionnaire was disseminated
across WeChat, QQ, and other common online communication applications
in China [64]. Given that Ant Forest has more than 500 million users in
China with uneven distribution across the various provinces in China [65],
the following sampling formula was used to determine the sample size for a
huge population: n = z2o%/e? [66, 67].

The stated formula offers good accuracy and sampling efficiency for a
massive sampling population with an unknown specific number [68, 69].
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Given that n = sample size, z = standard normal variable at confidence
level (1.96 for 95% significance level) [70], o = standard deviation of the
population (to attain the greatest variance), and e = acceptable error (0.15),
n = (1.96)% (1.72)%/(0.15)> = 505.11 ~ 505. As the number of samples in
this study exceeded 505, the accuracy of the outcomes is ascertained.

To perform random sampling among the different classes of population
in China, the stratified proportional sampling technique was adopted in
this study [71]. Due to the massive population and cities in China, peo-
ple from varying regions display inconsistent attitudes towards sustainable
development. Therefore, China’s urban development level was applied as
the stratification basis to execute stratified proportional sampling [72]. In
total, six cities (i.e., Shanghai and Wuhan [extra-large], Harbin and Lanzhou
[large], Shuozhou [small], and Beihai [medium]) were randomly selected as
the sampling stratification based on the three-scale cities [73, 74]. Next, the
sample population was divided proportionally based on the population ratio
of each city to adhere to the rationality of the stratified proportional sampling
technique [71].

Prior to the survey, the study plan was granted ethical approval by
Universiti Sains Malaysia (USM) with the following approval number:
USM/JEPeM/22090640. After the survey began, the researchers joined the
Ant Forest online community in each city being surveyed and randomly
distributed online questionnaires through instant messaging applications
(WeChat and QQ). According to the sampling requirements, a corresponding
number target was set for the distribution of questionnaires in each city, and
the collection of questionnaires was stopped after the target was reached.
During the entire process of distributing and collecting online questionnaires,
participants remained anonymous to protect their personal privacy.

4.2 Measurements

The study questionnaire was designed in accordance with the theoretical
framework and prior related studies. The sections in the questionnaire were
designed to gather the demographic data of the respondents and the three
constructs corresponding to the three study variables. Upon adhering to the
research ethics, both the research purpose and the rights of the respondents
are stated in the initial part of the questionnaire and only modest personal
information was collected from the respondents [75]. The 19-item ques-
tionnaire was developed based on past research work (see Table 1) and the
respondents provided their responses by using the five-point Likert scale
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Table 1 Construct items and sources

Construct Code Questionnaire Items Source
Gamified Reward GR1  Ant Forest provides tangible rewards, such as [77]
(GR) planting real trees.
GR2  Ant Forest provides tangible rewards according to
task behaviour (e.g., pro-environmental behaviour
and mobile payment).
GR3  Tangible reward is a popular incentive mechanism
to encourage users’ participation in Ant Forest.
GR4  Ant Forest provides intangible rewards, such as
“green energy”.
GR5  Ant Forest can precisely evaluate my task
behaviour and increase my “green energy”.
GR6  “Green energy” is a critical measurement for my
performance or engagement in Ant Forest.
Environmental EA1  Ifeel that climate change is happening around the [78]
Awareness (EA) place where I live.
EA2  Global warming is climate change.
EA3  The use of coal, oil and natural gas contributes to
climate change.
EA4  The use of solar energy contributes to global
warming.
EAS  Deforestation is a major contributor to global
warming.
EA6  Climate change may increase water shortage.
EA7  Climate change is an important issue for the
China government.
EA8  Climate change is a cause of concern for me.
EA9 Iam willing to pay a tax to combat global
warming.
Environmental EM1 I think I have a moral obligation to protect the [79]
Motivation (EM) environment.
EM2 I think I should protect the environment in the
local area.
EM3 I think all of us should reduce the pollution of the
environment in our daily life.
EM4  Based on my personal values, I have the

responsibility and obligation to protect the
environment.
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(1 = Strongly Disagree and 5 = Strongly Agree) [76]. Table 1 lists the items
embedded in the questionnaire, which were optimised by the researchers
based on the characteristics of Ant Forest. In determining validity and appro-
priateness, a panel of five professionals and university professors was invited
to review the construct items. In addition, a pilot test was performed by
involving 50 university students as the respondents prior to the actual study.
The results obtained from the pilot test proved the reliability of the construct
items to a certain extent (Cronbach’s alpha > 0.7).

The respondents took their time to complete the survey at their con-
venience and were free to decide if they wished to share their personal
information [80]. From the returned 709 online questionnaires, only 621 were
found valid for further analysis after dismissing incomplete questionnaires
and those irrelevant to Ant Forest. Table 2 presents the demographic profile
of the respondents. The number of respondents from each selected city met
the requirements of the plan for executing the stratified proportional sampling
technique. In terms of age, young and middle-aged people (18-49 years
old) were the main users of Ant Forest, accounting for 76.65% of the total
respondents. As for gender, male respondents accounted for 51.53% while
female respondents accounted for 48.47%, which is in line with the sex ratio
of the population in China [81].

Referring to Table 2, 69.72% of the respondents received college educa-
tion or above, far exceeding the average level in China (15.47% in 2020) [82].
Among the respondents, 53.79% were long-term users of Ant Forest (more
than half a year), 74.88% were stable users of Ant Forest (used at least once a
day), while 69.89% of the users had planted at least one tree and experienced
gamified reward.

5 Results

5.1 Measurement Model

This study applied the mainstream Partial Least Squares Structural Equa-
tion Modelling (PLS-SEM) as a multivariate data analysis method, and
the Smart-PLS software is a common tool for this analysis method [83].
The Smart-PLS software helps researchers effectively analyse and judge the
complex relationships between variables, especially the potential mediating
and moderating effects, through an intuitive graphical interface and effective
judgment indicators [83]. The Smart-PLS Version 4.0 software was deployed
in this study to analyse the survey data based on the variance structural
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Table 2 Demographic profile of respondents

Total N = 621
Frequency %
City Shanghai 288 46.38
Wuhan 125 20.13
Herbin 113 18.2
Lanzhou 51 8.21
Shuozhou 22 3.54
Beihai 22 3.54
Age 18-29 years 185 29.79
30-39 years 172 27.70
40-49 years 119 19.16
50-59 years 65 10.47
60-69 years 54 8.70
70-79 years 23 3.70
80 years and above 3 0.48
Gender Male 320 51.53
Female 301 48.47
Education Below High School 31 4.99
High School 157 25.28
Undergraduate 361 58.13
Postgraduate 72 11.59
Duration Below one month 98 15.78
One — Five months 189 30.43
Six months — One year 211 33.98
Above one year 123 19.81
Frequency Never 0 0.00
Every few days 156 25.12
Once a day 248 39.94
Several times a day 217 34.94
Achievement  Never collected green energy 0 0.00
Collected green energy but never planted 187 30.11
Planted once 317 51.05
Planted multiple times 117 18.84

equation model. Table 3 tabulates the descriptive statistics of construct items,
in which the average value of each item falls within a reasonable range and
displays high reliability. Next, Table 4 presents the assessment outcomes
derived from the measurement model.

As presented in Table 4, the values of Cronbach’s alpha and composite
reliability (CR) of each construct exceed 0.7. The values of average variance
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Table 3 Descriptive statistics of the study items

Construct Item M Min Max SD p-value
Gamified Reward(GR) GR1 3.776 1 5 0.938 0.000
GR2 3.697 1 5 0.928  0.000
GR3 3.752 1 5 0.879  0.000
GR4 3.844 1 5 0.883  0.000
GRS 3.752 1 5 0.870  0.000
GR6  3.755 1 5 0.843  0.000
Environmental Awareness(EA) EAl1  3.884 1 5 0.849  0.000
EA2 4.002 2 5 0.789  0.000
EA3  4.085 2 5 0.753  0.000
EA4  3.965 2 5 0.818  0.000
EAS5  3.966 1 5 0.815  0.000
EA6  4.098 2 5 0.726  0.000
EA7 4.145 2 5 0.741 0.000
EA8  3.957 2 5 0.733  0.000
EA9  3.800 2 5 0.765  0.000
Environmental Motivation(EM) EMI1 4.251 2 5 0.739 0.000
EM2 4.290 2 5 0.713  0.000
EM3  4.267 2 5 0.722  0.000
EM4 4.283 2 5 0.709  0.000

Note: M = Mean, SD = Standard Deviation.

extracted (AVE) that exceed 0.5 (see Table 4) indicate that the measurement
model has good internal consistency reliability [84]. The factor loadings of all
items that exceed 0.7 (see Table 4) signify that they have high credibility [85].
The complete measurement model is graphically presented in Figure 2.

The two methods that can be applied to assess the discriminant validity of
constructs are Fornell & Larcker criterion and Heterotrait-Monotrait criterion
(HTMT) [86]. As shown in Table 5, the square root of AVE for each construct
is greater than the correlations with other latent constructs in Fornell-Larcker
criterion [87]. Next, Table 6 indicates that all scales have values below 0.9
for HTMT [88]. Hence, both Fornell-Larcker and HTMT ascertained the
discriminant validity of the study data.

5.2 Structural Model

The bootstrapping resampling function embedded in Smart-PLS Version 4.0
software was performed to test the hypotheses in the theoretical framework.
The data analysis was run based on a set of 5000 re-samples and 95% bias-
corrected to display the significance of path coefficient. The analysis achieved
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Table 4 The assessment results of the measurement model

Construct (Code) Item Loading Cronbach’s Alpha  CR AVE
Gamified Reward (GR) GR1 0.899 0.947 0.949  0.790
GR2 0.889
GR3 0.889
GR4 0.903
GR5 0.879
GR6 0.874
Environmental Awareness (EA)  EAl 0.771 0.944 0.947 0.694
EA2 0.867
EA3 0.903
EA4 0.831
EAS 0.796
EA6 0.900
EA7 0.859
EA8 0.810
EA9 0.749
Environmental Motivation (EM) EMI1 0.947 0.975 0.975 0.931
EM2 0.970
EM3 0.966
EM4 0.976

Note: CR = Composite Reliability, AVE = Average Variance Extracted.

EA1 EA2 EAS EAG EA7 EAS EA9

\\ \ u:m": 0_900/1%9//
| ///m

0771_0ge7_0903 083 0.749

Environmental Awareness

4
0.889 0947
R =g as TS
0903 Lt 0.966.
GR4 7 ~
0879 0976
A/U 74 Gamified Reward Environmental Motivation &

Figure 2 Measurement model with outer loading and Cronbach’s alpha.

the purpose of accelerating (BCa) and the coefficient of determination (R?),

which indicated valid outcomes from the hypotheses testing (see Table 7).
After validating the data, the direct effect of gamified reward on environ-

mental awareness (H1, § = 0.570) and the direct effect of environmental
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Table 5 Discriminant validity (Fornell-Larcker Criterion)
Gamified Environmental Environmental

Reward Awareness Motivation
Gamified Reward 0.889
Environmental Awareness 0.570 0.833
Environmental Motivation 0.454 0.764 0.965

Table 6 Discriminant validity (HTMT Criterion)
Gamified Environmental Environmental

Reward Awareness Motivation
Gamified Reward
Environmental Awareness 0.599
Environmental Motivation 0.470 0.792

awareness on environmental motivation (H2, 8 = 0.749) emerged as sig-
nificantly positive (p-values < 0.05). On the contrary, the direct effect of
gamified reward on environmental motivation (H3, 5 = 0.027) was insignifi-
cant (p-values > 0.05) [84]. Turning to the indirect effect, the mediating effect
of environmental awareness on the relationship between gamified reward
and environmental motivation (H4, 3 = 0.427) was significantly positive
(p-values < 0.05).

The p-values in path coefficients disclose the significance of effects
among the variables, but disregard effect size. Hence, the effect size of the
structural model analysis (f?) was determined. In order to verify the effect
size, both the f2 value and p-value must be calculated [84]. Effect size is
commonly determined as small, medium, and large with values of 0.02, 0.15,
and 0.35, respectively [89].

The reported findings revealed that the effect sizes (f?) of gamified
reward on environmental awareness (H1) and environmental awareness on
environmental motivation (H2) are greater than 0.35, which denotes large.
On the contrary, the effect size (f?) of gamified reward on environmental
motivation (H3) is less than 0.02, which signifies none. Figure 3 illustrates
the measurement results of the structural model for this study.

Hair Jr et al. [90] prescribed the calculation of Variance Accounted For
(VAF) as a criterion to study the mediating effect and to divide it into full
mediation (VAF > 80%), partial mediation (20% < VAF < 80%), and no
mediation (VAF < 20%). Table 8 presents the calculation formula and the
calculation results of VAF. The outcome of 94.05% indicates full mediation
(VAF > 80%) [90].



42 Miao Huang et al.

Table 7 Results of the study hypotheses

Hypothesis/
Variable Std. Std.
Relationship Type Beta(5) Dev. t-value p-value Result

f2

Effect

H1. Gamified Direct 0.570  0.041 13.794 0.000 Accept
Reward ->

Environmental

Awareness

H2. Environmental  Direct 0.749  0.031 23957 0.000 Accept
Awareness ->

Environmental

Motivation

H3. Gamified Direct  0.027 0.033 0.836 0.403 Reject
Reward ->

Environmental

Motivation

H4. Gamified Indirect 0.427 0.038 11.257 0.000  Accept
Reward ->

Environmental

Awareness ->

Environmental

Motivation

0.480

0.910

0.001

Large

Large

None

Environmental Awareness

0.570 (0.000) 0.749 (0.000)

0.027 {0.403)

Gamified Reward Environmental Motivation

Figure 3  Structural model with path coefficients and R?.

Table 8 Variance accounted for (VAF) value
Indirect Effect = Bu1 © Bu2 0.427
Total Effect = Bu1 © Buz + Pus 0.454
VAF = Indirect Effect/Total Effect 94.05%
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6 Discussion

Referring to the outcomes retrieved from the survey data, the users of Ant
Forest generally received a relatively high level of education. Higher edu-
cation level has been associated with higher environmental awareness and
environmental motivation, as depicted in past studies [92-94]. As Ant Forest
has the ability to attract users to invest in the game stably for a long period,
most of the users would eventually continue playing the game and complete
their vegetation planting through gamified rewards. Evidently, Ant Forest
has been recognised by a huge volume of users in terms of gamification
experience [19, 27, 94-96].

Based on the measurement results, the gamified rewards awarded by Ant
Forest displayed a positive and strong impact on the environmental awareness
of the respondents. This outcome is in agreement with that reported by
Antonache et al. [55], Wang and Yao [19], and Shih and Jheng [54]. Similarly,
the environmental awareness of the Ant Forest users displayed a positive
and strong effect on their environmental motivation, which is in agreement
with the results obtained by Shie et al. [56], Raeisi et al. [S7], and Taljaard
et al. [58]. Nonetheless, the gamified reward did not directly affect the envi-
ronmental motivation of the respondents, thus inconsistent with the findings
reported by Chen et al. [31], Kotsopoulos et al. [60], and Zeng et al. [59].
This outcome is ascribed to the environmental awareness of the Ant Forest
users that reflects long-term motivation, whereas environmental motivation
that signifies short-term entertainment purposes [31] is contradictory with
the current long-term game status of most Ant Forest users.

The environmental awareness of Ant Forest users exhibited a mediating
role in the effect of gamified rewards on environmental motivation. The VAF
value verified a full mediation effect. Similarly, Shafiei and Maleksaeidi [97]
revealed that rewards indirectly influenced the pro-environmental behaviour
of college students through their environmental attitudes. The study outcomes
verify the assertion that awareness is indeed a prerequisite for motivation;
simply put, individual motivation and behaviour can be influenced to a great
extent by cognitive ability [98]. The awareness stage of individuals has a
crucial role in the field of environmental protection before moving on to the
motivation stage [99].

Reflecting on the study results, it is apparent that the reward stimulation in
the game can be viewed as green extrinsic motivation. However, one should
note that the role of this extrinsic motivation is greatly affected in the case
of insufficient intrinsic motivation factors [100]. While researchers should
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not neglect the process of gamified rewards affecting the environmental
motivation of the users, it is imminent to identify the internal cognition
changes among the users [101].

The findings of this study intuitively demonstrate the process of how gam-
ified rewards affect users’ environmental motivations in Ant Forest, which
proves that the environmental motivations of users in pro-environmental
applications are not simply influenced by rewards. The results of this study
emphasise the importance of users’ environmental awareness, which is of
great help in further understanding users’ pro-environmental behaviours.

7 Conclusions
7.1 Theoretical Significance

The S-O-R model was employed in this study to investigate the corre-
lations among gamified rewards, user environmental awareness, and user
environmental motivation in the Ant Forest. Undeniably, the S-O-R model
has been applied in numerous fields of learning and consumer behaviour
[102-105]. By deploying both environmental awareness and motivation, the
S-0O-R model is expanded in this study.

As evidenced in this study, the reward element in gamification as a stimu-
lus exhibits good applicability to the S-O-R model [37]. An influence model
from reward to awareness and to motivation constructed based on the entire
process of gamified rewards in Ant Forest ultimately affecting environmental
motivation was clarified in this study, which is largely unexplored in past
studies. In addition, understanding the formation process of users’ environ-
mental motivations in the context of modern mobile applications also has a
positive role in promoting the development of environmental psychology.

7.2 Practical Significance

Besides being a profitable medium, gamification applications on modern
mobile Internet are effective in enhancing both the environmental awareness
and environmental behaviour of the users [106]. Ant Forest, as a novel gam-
ified environmental application based on social media, displayed a positive
influence on the motivation for environmental protection behaviour among
the users [30]. Essentially, this study demonstrates the significant intermedi-
ary role of environmental awareness possessed by the Ant Forest users. This
generates ideas to build more pro-environmental social applications that can
be deployed to improve both the participation and loyalty of the users [30].
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In addition, this study unveiled the mediation effect of the process of
the reward elements in the game mechanism acting on user motivation,
instead of a direct effect. This particular outcome calls researchers to re-
examine the very idea that simple game mechanics have the ability to promote
environmental motivation and behaviour among the public [8]. Furthermore,
this study demonstrates that leveraging users’ environmental awareness to
build reward-based gamification strategies is an effective option for mobile
application developers.

7.3 Limitations and Future Directions

As both the theoretical model and survey data were limited to Ant Forest
users, similar applicability to other applications is largely untapped. Given
that this study neglected the pro-environmental behaviour that might arise
from the environmental motivation of Ant Forest users; this may pave a fresh
research path in the future.
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