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Digital mindfulness-based interventions (d-MBIs) have garnered significant 
research interest in recent years due to their psychological benefits. However, 
little is known about their impact on prosocial behaviors. This study investigates 
how d-MBIs impact prosocial behaviors where time spent is money, with Chinese 
adolescents as the subjects, through an online charity task (www.freerice.
com). 119 students from a high school in China, who were inexperienced with 
mindfulness meditation, participated in this randomized controlled trial. The 
d-MBI group (N  =  39) received online MBI guidance, while the face-to-face 
mindfulness-based intervention (f-MBI, N  =  43) group underwent mindfulness 
intervention under personal tutors. The active control group (N  =  37) completed a 
crossword task. Data analysis first involved repeated measures variance analysis, 
including pre-and post-intervention assessments. Subsequently, a two-way 
variance analysis was performed, with gender (female and male) and group 
(d-MBI, f-MBI, active control) as independent variables and the number of grains 
as dependent variables for the three groups of participants. Results showed that 
d-MBIs effectively improved empathy and compassion in Chinese adolescents, 
leading to increased rice donations to the United Nations World Food Program. 
These results underscore the positive effect of d-MBIs on prosociality and 
suggest their applicability in beneficial real-world situations involving prosocial 
behaviors, extending beyond previous research primarily conducted in artificial 
and hypothetical scenarios.
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1. Introduction

Mental health issues impact between 10 and 20% of children and adolescents worldwide 
(Kieling et al., 2011). Adolescents, typically those born around 2008 and aged between 11 and 
18, are considered digital natives in today’s internet-dominated world (Zhu et al., 2022). Recent 
research has found that using digital products has become an addiction, profoundly affecting 
adolescents’ social lives and well-being (Mason et al., 2022). In response to the mental health 
needs of this demographic, an increasing number of digital technologies, such as mobile 
applications and web delivery programs, are being developed and applied (Bergin et al., 2020). 
Consequently, the development and utilization of digital tools that promote socio-psychological 
health are experiencing explosive growth. Researchers are increasingly reporting these tool’s 
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immense potential and value (Lucas-Thompson et al., 2019; Sommers-
Spijkerman et al., 2021).

During adolescence, the social world of teenagers becomes 
increasingly essential. Peer networks expand, intimate friendships 
surpass parental support, and romantic relationships develop (La 
Greca and Harrison, 2005). Although this is a vulnerable period in 
adolescent development, it also represents a “window of opportunity” 
for fostering positive psychological growth (Graber and Brooks-Gunn, 
1996). Positive interpersonal relationships and peer acceptance 
provide numerous psychological benefits, affecting self-esteem and 
protecting against social isolation (Hall-Lande et  al., 2007). 
Adolescents with healthy peer relationships and high levels of peer 
support are less likely to engage in risky behaviors (Telzer et al., 2014). 
In contrast, peer rejection is associated with internalizing and 
externalizing problems such as social withdrawal, low self-esteem, 
depression, conduct disorder, and attention deficits (Cheang et al., 
2019). These findings suggest that positive interpersonal relationships 
and peer acceptance positively impact the psychological well-being of 
children and adolescents, contributing to their overall development.

Prosocial behavior, a crucial aspect of peer acceptance, is defined 
as actions that are in the best interest of others rather than oneself, 
such as helping, comforting, sharing, cooperating, charitable giving, 
and volunteering (Eisenberg and Miller, 1987; Denham et al., 1990). 
Such behavior is linked with empathy and self-compassion in 
adolescence (Marshall et  al., 2020). In this study, we  narrow the 
definition of prosocial behavior to charitable giving, specifically 
focusing on donations made by Chinese adolescents to support online 
charitable causes. This focus represents a direct and widely practiced 
form of altruism.

One suggested method to increase prosocial behavior is to 
enhance mindfulness (Schindler and Friese, 2022). Mindfulness 
involves intentionally focusing on the present moment without 
judgment while maintaining a non-reactive and compassionate 
attitude (Kabat-Zinn, 2015). The potential role of mindfulness in 
educational settings has piqued the interest of scientists, educators, 
and policymakers, spurred by a growing body of evidence. Systematic 
reviews reveal that mindfulness-based interventions (MBIs) positively 
impact prosocial outcomes and promote helping behaviors, with 
medium effect sizes (Kreplin et  al., 2018; Donald et  al., 2019). 
Interestingly, short interventions of less than one hour and more 
extended interventions exceeding ten hours have similarly powerful 
effects. Consistent with these findings, a meta-analysis of 72 studies 
concluded that MBIs foster flexible emotion regulation, such as 
enhancing the capacity to modulate empathetic responses and default 
self-perspectives (Hoge et al., 2021). Thus, increased flexibility might 
facilitate prioritizing others’ welfare over personal preferences (Batson, 
2010). Additionally, MBIs have been found to heighten self-
compassion among adolescents, prompting changes in prosocial 
behaviors, bolstering peer acceptance, and improving mental health 
(Cheang et  al., 2019). Overall, MBIs have shown considerable 
effectiveness in fostering prosociality, with empathy and self-
compassion being crucial components (Cameron and 
Fredrickson, 2015).

Implementing mindfulness training programs for students 
involves providing face-to-face guidance through trained mindfulness 
instructors, a significant component of these initiatives (Meiklejohn 
et al., 2012). However, logistical and financial hurdles accompany the 
implementation of these programs (Semple et  al., 2017). Firstly, 

training competent mindfulness instructors can be both resource-
intensive and costly. These professionals require rigorous and extensive 
training to ensure they possess the knowledge and skills to teach 
mindfulness effectively. Schools must invest in these instructors’ 
continuous professional development to align them with the latest 
research, techniques, and best practices in the field. These 
compounded factors make it challenging for schools to ensure that the 
mindfulness training offered to students is evidence-based (Mrazek 
et al., 2019a,b).

The rapid development of digital mindfulness-based interventions 
(d-MBIs) in recent years has facilitated the delivery of high-quality 
training to an increasingly interconnected global population through 
the Internet. Mobile applications and web-based platforms potentially 
surpass traditional face-to-face modes, enhancing the accessibility, 
standardization, customization, and efficacy of mindfulness training. 
Preference for online mindfulness interventions over group sessions 
has significantly increased (Wahbeh et al., 2014), underscoring the 
substantial potential of digital media in advancing public health. A 
recent meta-analysis by Spijkerman et al. (2016) found substantial 
benefits of digital mindfulness training on factors such as stress, 
anxiety, depression, and overall well-being, suggesting a level of 
efficacy potentially comparable to in-person training. This viewpoint 
is further corroborated by other recent studies, which indicate that 
digital mindfulness training can enhance life quality (van Emmerik 
et al., 2018), improve well-being (Howells et al., 2016), increase self-
reported mindfulness (Plaza García et al., 2017), and reduce symptoms 
of depression (Ly et al., 2014).

Although mindfulness correlates positively with prosocial 
behavior in the real world, it remains unclear whether this association 
extends to the online environment. A significant difference between 
digital mindfulness-based and traditional face-to-face training is that 
the former is self-directed, and thus relies on its effective design and 
implementation. However, many current mindfulness apps fall short 
in applying best practices in digital learning, leading to only moderate 
evaluations in terms of engagement, functionality, and information 
quality (Mani et al., 2015). These issues may be more pronounced in 
school settings, where students do not self-select into the interventions 
based on prior interest or motivation. For instance, in a study 
requiring students to complete a d-MBI, only one out of 85 students 
managed to complete the whole course (completion defined as doing 
at least 40 out of 96 exercises) (Antonson et al., 2018). Therefore, for 
d-MBIs to be successful, they must innovatively apply best practices 
in digital learning. This includes tailoring instructional content, 
utilizing sound pedagogical methods, addressing audience diversity, 
increasing student engagement, and predicting and addressing 
potential challenges (Mrazek et al., 2019a,b). Consequently, this study 
aims to investigate whether a d-MBI designed for adolescents can 
be effectively implemented in a school environment and positively 
impact their prosocial behavior. The importance of this research lies 
in verifying if the introduction of d-MBIs at the compulsory education 
stage would be  a beneficial strategy to enhance adolescents’ 
prosociality, which could positively affect their ability to respond to 
the needs of others.

It is worth noting that previous research on the relationship 
between mindfulness and prosocial behavior has mainly used 
monetary donations as an indicator of charitable behavior, and the 
core of such research focuses on assumed or artificially created helping 
behavior scenarios. Although this is common, it is not the only form 
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of charity, and such a narrow focus may limit the application to other 
forms of charity. For example, research has also used non-monetary 
prosocial tasks, such as daily prosocial behaviors (Lockwood et al., 
2017), blood donation (Hong and Lee, 2021), voting (Matland and 
Murray, 2016), and volunteering time to charitable organizations 
(Macchia et  al., 2023), to empirically test theories of prosocial 
behavior. In addition, previous research on mindfulness training 
mainly used inactive control groups (i.e., waitlist or no intervention) 
(Ly et al., 2014; van Emmerik et al., 2018). Therefore, this study applies 
digital mindfulness interventions to real-world scenarios, such as 
actual charity activities where it is not money that is requested. It 
investigates the effect of d-MBIs on adolescents’ prosocial behavior 
through the innovative application of a real-world online charity 
organization. This will be  compared with the level of altruistic 
behavior observed in the case of f-MBIs or active control.

Online prosocial behavior is measured via a unique real-world 
online charitable task,1 where the contribution is time spent, not 
money. This is a particularly relevant behavioral change because one 
direct interpretation of MBIs leading to prosocial behavior is that 
MBIs can induce feelings of compassion and empathy in teenagers, 
thus motivating and increasing subsequent prosocial behavior 
(Cheang et al., 2019). Especially when charitable donations occur in 
single, repetitive actions (e.g., dropping coins into a donation box one 
by one), this emotional shift can occur instantly. However, by 
investigating time spent as a charitable act, this study will be able to 
assess how MBIs contribute to online charitable behavior over a longer 
period. During this time, positive emotions such as empathy and 
compassion may have a more lasting impact on prosocial decision-
making than the MBIs themselves.

The primary research question of the current study was designed 
to ascertain whether d-MBIs tailored specifically for high school 
students would be viable in a school environment. The secondary 
research question was to determine if the effects of d-MBIs on 
adolescents’ prosocial behavior were comparable to those of traditional 
f-MBIs. Drawing from previous research, we  formulated the 
following hypotheses:

H1: Participants in the intervention group will dedicate more time 
to the charitable task than participants in the active control group.

H2: d-MBIs and f-MBIs will similarly on participants’ online 
charitable donation behavior.

2. Methods

Ethical approval for this study was provided by the Ethics 
Committee of Harbin Institute of Technology. Following Grepmair 
et al. (2007), a randomized, double-blind, active-controlled design was 
used to evaluate the impact of f-MBIs, d-MBIs, and active control 
conditions on online charitable donation behavior. Participants were 

1 www.freerice.com

blinded to the group and research hypotheses. Similarly, experimenters 
were unaware of the treatment allocations (detailed below).

2.1. Participants

The study sample consisted of 119 teenagers from a vocational 
senior high school in Yantai, Shandong Province. They were randomly 
assigned to the d-MBIs (n = 39), f-MBIs (n = 43), and active control 
(n = 37) groups.

Participants were recruited between September and November 
2022. The recruitment was done by promoting in different classes 
of 10th to 11th grades at the high school. The target population 
was typical teenagers (average age of 16.69 ± 1.01, range 15–18). 
This sample complements the study’s design as all the participants 
were first-time meditation. Furthermore, participation in this 
study has potential benefits for the target population, as previous 
reports suggested that meditation could reduce stress and anxiety 
related to students (Lemay et al., 2019), and improve academic 
performance (Lin and Mai, 2018). Informed consent for all 
participants in the study was obtained through the popular 
Chinese professional survey website Wenjuanxing2 (a website like 
SurveyMonkey). Participants could only proceed with the study 
upon agreement with the informed consent.

We conducted the survey in the following steps. First, 
we  signed informed consent forms with the principal of the 
school and the homeroom teachers of each selected class. Then, 
once the students agreed to participate, our experimenters 
obtained the parents’ contact information from the school and 
used this information to gain consent from the children and their 
parents to participate in the research. We informed the parents or 
guardians of the students that if they did not want their child to 
participate in the survey a week before the screening day, they 
should contact the teacher by phone. Next, we explained to the 
students the anonymity and confidentiality of the data, but not 
the subject and purpose of the research. They could opt out of the 
research if they did not want to participate. As the data was 
anonymous and the research did not include risks or violations to 
the participating students’ health and rights, this study was 
conducted by the Helsinki Declaration.

Exclusion criteria for the sample were having previous meditation 
experience or having participated in some mindfulness training. This 
procedure was carried out to balance the participants’ experience 
level, a potential confounding variable. In addition, we also checked if 
there were students who exhibited a high level of altruism and 
excluded him/her from the study; we  confirmed that no student 
reported a significant level of empathy and willingness to help 
(p > 0 05. ). All students participated in this study voluntarily.

The power analysis was based on a meta-analysis of the 
relationship between MBIs and prosocial behavior (Luberto et al., 
2018). The sample size was determined using G*Power, estimating 
that 90 participants were required. The anticipated effect size was 
f = 0 25.  (α = 0 05. , statistical power= 0 90. ).

2 www.sojump.com
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2.2. Procedures

This web-based survey was held in the Student Activity Center for 
3 days, from 8 a.m. to 6 p.m. Upon arrival, the participants were 
randomly seated in computer booths, that ensured anonymity. All 
experimental procedures were conducted on iPads. After reading and 
signing the digital informed consent form, participants answered 
questions regarding sociodemographics (gender, age, ethnicity, 
academic year) and their eligibility for the study. They were only 
allowed to participate in the study when they indicated that they were 
currently attending high school (target audience) and had no previous 
experience in studying Buddhism or meditation (exclusion criteria). 
Before randomization, participants completed questionnaires that 
included social connectedness, self-reported empathy, and self-
compassion measures. Subsequently, participants were randomly 
assigned to the d-MBI, f-MBI, or active control group. Randomization 
was automatically carried out via Wenjuanxing based on the record 
number of participants (student ID) obtained at the start of the study. 
As a result of the randomization, each respondent was automatically 
directed to the treatment corresponding to their condition. The three 
groups showed no significant differences in gender, age, or grade, and 
sociodemographic variables were evaluated.

Before the formal start of the experiment, participants in the 
intervention group (d-MBI and f-MBI group) took a mindfulness 
course, which explained some aspects of the basic instructions (the 
content of awareness), as well as the emotions that come with practice 
(such as non-judgment, acceptance, gratitude, and generosity). The 
aim of these meditations was to direct attention to breathing and 
bodily sensations, while trying not to identify with the mental events 
that occur during this process.

During the formal experiment, the interventions for the d-MBI 
and f-MBI groups were different: participants in the d-MBI group 
received a pre-recorded digital material with mindfulness 
intervention, while the f-MBI group underwent interventions 
applied by two tutors with extensive experience in mindfulness and 
compassion training management. The intervention content, target, 
and the voice of the tutors were identical for both groups. 
Participants were asked to engage in the entire course earnestly. 
Meanwhile, participants in the active control group watched a 
40-min video on ancient poetry appreciation and then completed a 
poetry crossword game. This cognitive activity implied an elevation 
in the participants’ attention level during the experiment (Brooker 
et  al., 2019), comparable to the level of attention required for 
mindfulness (Norris et al., 2018). Furthermore, this task paralleled 
the conditions of the intervention groups, avoiding group factors 
and differences in social interaction that could influence 
altruistic levels.

Within 10 min of the end of the charity task, participants 
immediately undertook a second self-report evaluation. We informed 
participants that their effort would contribute to charitable causes, but 
there was no further reward. Participants began answering questions 
on www.freerice.com on the tablet device and were informed they 
could play the game as they wished. After the study, students in the 
control group were invited to attend a mindfulness course similar to 
those in the intervention group. All participants received a charitable 
souvenir. Thus, the experiment involved no deception and was 
conducted in an incentive-compatible manner, adhering to the 
standards of economic research (Schram, 2005).

2.2.1. Mindfulness interventions
In the intervention groups, interventions were based on 

standardized mindfulness and compassion training to promote 
altruistic behavior by developing compassion for others and enhancing 
moral awareness. The students learned to (1) focus attention and 
stabilize their state of mind; (2) regulate emotions and cultivate self-
compassion; (3) cultivate compassion for others; (4) enhance moral 
awareness. The intervention drew inspiration from the short-term 
mindfulness meditation training audios developed by Wu et al. (2019) 
(JW2016 Version) and the brief mindfulness intervention based on 
mindfulness and compassion (González-García et al., 2021).

The intervention content for both groups was identical. However, 
a specific online platform was created for the d-MBI group. In 
contrast, we hired two psychologists for the f-MBI group, with over 
ten years of experience delivering MBIs to adolescents and adults. The 
intervention was comprised of three modules on different themes 
(total intervention time: 60 min), each module containing: (1) a mini-
lecture (10 min), and (2) formal mindfulness and compassion 
practices (guided meditation) (10 min). The detailed outline of the 
program can be seen in Table 1. These interventions involved the basic 
aspects of mindfulness and compassion and applying the mindful 
attitude in prosocial decision-making across different experience 
contents (sensations, thoughts, and emotions).

To overcome the challenges that d-MBIs might bring, we applied 
some of the best digital learning practices suggested by Mrazek et al. 
(2019a,b) and González-García et  al. (2021). First, we  targeted 
adolescents aged 11–18, a population that our research group 
understands well, so we had accurate information about the challenges 
they face, allowing us to select the most relevant training outcomes for 
them. Secondly, to promote engagement and effective learning, 
we  constructed the three modules of the intervention as short 
information fragments that were interesting and appealing to our 
target audience. The mini-lectures consisted of videos featuring 
mindfulness instructors, displayed from the waist up, on one side of 
the screen, elucidating the primary topics. On the other side were 
slides filled with engaging content. The audio instructions included a 
one-minute guided preparation and a 10-min mindfulness 
intervention that integrated the cognitive notions of mindfulness and 
meditation training techniques, adopting a breath observation 
meditation method that is time-efficient, economical, and easy to 
promote. This has significant application value for groups who lack 
teachers, time, and money but could benefit from 
mindfulness meditation.

2.2.2. Online charitable task
Freerice (see text footnote 1) is a website supporting the United 

Nations World Food Program (WFP). Previous research used the site 
as a pro-social task for non-monetary donations (Farrelly and Bennett, 
2018). On this platform, individuals can answer endless multiple-
choice questions about various topics. For every correct answer 
provided, Freerice donates ten grains of rice to the WFP. The amount 
of rice donated by the participants is displayed on the screen when they 
answer the questions correctly, with a bowl of rice providing a visual 
representation. Therefore, the more rice grains in the bowl, the longer 
the participant has spent on the platform, effectively donating their 
time. Considering the English proficiency level of Chinese high school 
students in this experiment, we adopted a mode of translating Chinese 
vocabulary into English vocabulary and chose a simple difficulty level. 
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Participants were required to find the correct definition of a word from 
four options (for example, “日” is: bright, moon, sun, follow).

2.3. Measures

The Social Connectedness Scale (SOC; Lee and Robbins, 1995) 
consists of 8 items designed to evaluate interpersonal connectedness 
and feelings of belonging. Participants indicate their responses using 
a 6-point Likert scale ranging from 1 (agree) to 6 (disagree). The SOC 
has been successfully applied to Chinese adolescents (Du and Wei, 
2015), with a Cronbach’s alpha coefficient of α = 0 95.  (Mu et  al., 
2021). The possible scores range from 8 to 48 points, where higher 
scores signify a greater sense of connectedness. The reliability analysis 
for the SOC scale revealed that Cronbach’s α  was 0.905 for scores 
before the intervention and 0.897 for scores after the intervention.

The Interpersonal Reactivity Index (IRI; Huang et al., 2012) is a 
self-report measure of 28 items, rated on a 5-point Likert scale. IRI 
subscales are grouped according to their cognitive or affective nature. 
On the cognitive side, perspective-taking and fantasy are assessed. On 

the affective side, empathic concern and personal distress. These 
subscales demonstrate good validity and variable reliability, with 
Cronbach’s alpha values between 0.56 and 0.70. Due to the study 
employing a real-life charitable task, mindfulness is associated with an 
increased focus on experiencing empathy and adopting others’ 
perspectives rather than on personal distress (Wallmark et al., 2013), 
so we retained only the perspective-taking and empathic concern 
subscales. The reliability analysis for these scales revealed that 
Cronbach’s α  for pre-intervention scores was perspective-taking 
(α = 0 626. ) and empathic concern (α = 0 652. ), while for post-
intervention scores, it was 0.631 and 0.661, respectively.

The Self-Compassion Scale-Short Form (SCS-SF; Raes et al., 2011) 
comprises 12 items. Participants rate their responses on a 5-point 
Likert scale. The SCS-SF has been extensively utilized in adolescent 
populations, including samples with an average age of 12–16 years 
(Ferrari et al., 2022)—the final scores for the SCS-SF range from 12 to 
60 points. Higher scores reflect a stronger tendency toward kindness, 
common humanity, and mindfulness. Reliability analysis of the 
SCS-SF scale indicated that Cronbach’s α  for pre-intervention scores 
stood at 0.885, while for post-intervention scores, it was 0.908.

TABLE 1 Outline of the d-MBIs: summary of modules, components, and topics covered.

Modules and educational objectives Component and topics covered

Module one: enhancing mental health and awareness

Minilecture: “Main Difficulties in Mindfulness and How to Handle Them” (10 min)

A deep dive into the challenges of mindful practice, offering strategies for overcoming 

them and dispelling common myths and misconceptions. The session emphasizes the 

right intentions, ethical awareness, mindfulness attitudes, and the role of physical 

awareness and embodiment.

Body Scan meditation (10 min)

This session guides participants on a journey of mental equilibrium through the Body 

Scan meditation technique. It involves directing and maintaining attention to physical 

sensations throughout the body, and encourages the cultivation of mindfulness 

attitudes. This practice fosters greater bodily awareness and can lead to improved 

focus, relaxation, and overall well-being.

Self-Reflection and Rest (5 min)

Module two: promoting emotional regulation through self-compassion

Minilecture: “Mindfulness and Self-Compassion” (10 min)

An exploration of the relationship between mindfulness and self-compassion, with 

insights on how to cultivate self-compassion through mindfulness for improved 

mental well-being and resilience.

Self-Compassion Meditation (10 min)

This session guides participants through a transformative journey of developing the 

three crucial elements of self-compassion: mindfulness, common humanity, and 

kindness. Especially designed for challenging moments, this meditation practice aims 

to nurture a sense of understanding, acceptance, and love toward oneself, promoting 

personal growth and resilience.

Self-Reflection and Rest (5 min)

Module three: boosting resilience through moral responsibility and compassion

Minilecture: “What is Compassion and how it can help you?” (10 min)

A comprehensive exploration of compassion, its distinction from empathy, its 

benefits, and how it can enhance mental and physical health, reduce stress, and 

improve relationships. The session also introduces practical ways to cultivate 

compassion.

Compassion in Action Meditation (10 min)

This session guides participants to foster awareness, compassion, and a heightened 

sense of moral responsibility in their interactions with others. By mindfully 

integrating these principles in daily life, participants learn to navigate social situations 

with greater empathy, understanding, and ethical consciousness.

Self-Reflection and Rest (5 min)
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3. Results

3.1. Attrition and baseline equivalence

Figure 1 shows the flow of participants in the study. A total of 
177 people were initially recruited, of which 129 participants met 
the inclusion criteria and chose to participate in the experiment. 
Ten participants dropped out before completing the experiment, 
leaving a final sample size of 119 (62 females, 57 males). Among 
those who dropped out, 4 were from the d-MBI group, and 6 were 
from the control group, with attrition rates of 9.3 and 13.95%, 
respectively. The attrition rate for the control group was slightly 
higher, leaving final sample sizes of 39, 43, and 37 for the d-MBI, 
f-MBI, and control groups, respectively. The difference was due to 
the absence of an instructor in the d-MBI group, with some 
students dropping out because they were not studying seriously (a 
drawback of d-MBIs), while students in the control group reported 
feeling tired after completing the ancient poetry crossword puzzle 
and uninterested in the English vocabulary task in the 
Freerice task.

Descriptive statistics, Kruskal-Wallis H Test, and Chi-square tests 
were employed to outline and compare the baseline sociodemographic 
characteristics across groups (refer to Table 2). Continuous variables 
are presented as means with SDs, whereas categorical variables are 
depicted as counts and percentages. Results indicate no group 
differences in sociodemographic variables (all p > 0 05. ) 
before intervention.

3.2. Non-response bias

This study dealt with non-response bias by implementing the 
strategy proposed by Armstrong and Overton (1977), which includes 
applying Chi-square tests and the Mann–Whitney-Wilcoxon test for 
early and late respondents. All samples are sorted in the order of 
registration ID. The top 25% of respondents were considered earlier 
respondents, and the bottom 25% were considered later respondents. 
The results indicated no significant differences in all variables of 
demographics for these two stages (p > 0 05. ). Therefore, we excluded 
the possibility of non-response bias.

FIGURE 1

Assignment of the participants to the study groups.
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3.3. Common method bias

We performed two tests to address this study’s potential concern 
for common method bias. The first is Harman’s single-factor test 
(Podsakoff and Organ, 1986; Podsakoff et  al., 2003). The results 
indicated four factors with initial eigenvalues greater than 1.00; the 
first factor accounted for 21.46% of the variance (not exceeding the 
threshold of 50%). Thus, the common method bias is not pervasive in 
this study. The second one used VIF as an indicator to test whether 
common method bias exists (Kock, 2015). In this study, all factor-level 
VIFs ranged from 1.019 to 2.078, lower than 3.3, so the model can 
be considered free of common method bias.

3.4. Effectiveness of the MBIs

Following verifying the assumptions of normality and 
homoscedasticity of the variables, which were assessed using the 
Shapiro–Wilk and Levene tests, respectively, we analyzed variance 
(ANOVA) to identify any significant differences among the groups 
concerning social connectedness, self-reported empathy, and self-
compassion before the intervention. Concurrently, a repeated-
measures ANOVA was carried out, incorporating pre-and post-
intervention assessments. We  examined the main effect of “time” 
(pre- and post-intervention) within different groups and the 
interaction effects (group × time). To estimate the effect size, 
we utilized partial eta squared (η p

2) with 90% confidence intervals 
(Steiger, 2004) for ANOVA analyses and Cohen’s d  with 95% 
confidence intervals for pairwise comparisons, respectively.

3.4.1. Social connection
In terms of social connectedness (Table  3), no significant 

differences were observed between groups prior to the intervention 
(F 2116 0 08,( ) = . , p = 0 921. , η p

2
0 01< . , 90% CI 0 00 0 01. .,[ ]). In the 

d-MBI group, a main effect of “time” on social connectedness was 
found, F 138 4 00,( ) = . , p = 0 048. , η p

2
0 03= . , 90% CI 0 00 0 10. .,[ ], with 

a significant increase between pre- and post-intervention values, 
t 138 2 00,( ) = − . , p = 0 048. , Cohen’s d = −0 32. , 95% CI − −[ ]0 64 0 00. ., . 

In the f-MBI group, a main effect of “time” on social connectedness 
was found, F 1 42 5 95,( ) = . , p = 0 016. , η p

2
0 05= . , 90% CI 0 01 0 13. .,[ ], 

with a significant increase between pre- and post-intervention 
values,t 1 42 2 44,( ) = − . , p = 0 016. , Cohen’s d = −0 38. , 95% CI 
− −[ ]0 68 0 07. ., . In the control group, F 136 0 38,( ) = . , p = 0 539. , 
η p
2
0 01< . , 90% CI 0 00 0 04. .,[ ], no significant differences were 

observed. The “group × time” interaction effect was not significant, 
F 2116 0 52,( ) = . , p = 0 597. , η p

2
0 01= . , 90% CI 0 00 0 04. .,[ ].

3.4.2. Self-reported empathy
Regarding self-reported empathy (Table  3), no significant 

differences were observed between the groups on the different 
subscales at pre-intervention assessment (perspective taking, 
F 2116 0 13,( ) = . , p = 0 875. , η p

2
0 01< . , 90% CI 0 00 0 02. .,[ ]; empathy 

concern, F 2116 0 09,( ) = . , p = 0 918. , η p
2
0 01< . , 90% CI 0 00 0 01. .,[ ]). 

For the d-MBI group, there was a significant main effect of “time” on 
the perspective-taking subscale, F 138 4 05,( ) = . , p = 0 046. , η p

2
0 03= . , 

90% CI 0 00 0 10. .,[ ]. A significant increase was observed when 
comparing pre- and post-intervention, t 138 2 01,( ) = − . , p = 0 046. , 
Cohen’s d = −0 33. , 95% CI − −[ ]0 65 0 01. ., . Similarly, a significant 
main effect of “time” was observed for the empathic concern subscale, 
F 138 12 56,( ) = . , p < 0 001. , η p

2
0 10= . , 90% CI 0 03 0 19. .,[ ] . A 

significant increase was observed when comparing pre- and post-
intervention, t 138 3 54,( ) = − . , p < 0 001. , Cohen’s d = −0 57. , 
95% CI − −[ ]0 89 0 25. ., .

For the f-MBI group, there was a significant main effect of “time” 
on the perspective-taking subscale, F 1 42 9 16,( ) = . , p = 0 003. , 
η p
2
0 07= . , 90% CI 0 02 0 16. .,[ ]. A significant increase was observed 

when comparing pre- and post-intervention, t 1 42 3 03,( ) = − . , 
p = 0 003. , Cohen’s d = −0 47. , 95% CI − −[ ]0 77 0 16. ., . Similarly, a 
significant main effect of “time” was observed for the perspective-
taking subscale, F 1 42 28 55,( ) = . , p < 0 001. , η p

2
0 20= . , 90% CI 

0 10 0 30. .,[ ]. A significant increase was observed when comparing pre- 
and post-intervention,t 1 42 5 34,( ) = − . , p < 0 001. , Cohen’s d = −0 82. , 
95% CI − −[ ]1 13 0 52. ., . No significant differences were observed in 
the control group on the following dimensions: perspective-taking, 
F 136 0 76,( ) = . , p = 0 386. , η p

2
0 01< . , 90% CI 0 00 0 05. .,[ ]; empathic 

concern, F 136 1 86,( ) = . , p = 0 175. , η p
2
0 02= . , 90% CI 0 00 0 07. .,[ ].

TABLE 2 Participant sociodemographic characteristics at baseline (N  =  119).

d-MBI group f-MBI group Control group p

N = 39 N = 43 N = 37

Gender
χ2 1 84= .

Male/female (%male)
18 21 46 15/ .( ) 18 25 41 86/ .( ) 21 16 56 76/ .( ) p = 0 399.

Age
χ2 3 54= .

Mean (SD)
16 90 0 97. .( ) 16 49 1 01. .( ) 16 70 1 10. .( ) p = 0 170.

Academic year
χ2 0 17= .

First year [yes/no (%yes)]
26 66 67.( ) 28 65 11.( ) 23 62 16.( ) p = 0 917.

Household income
χ2 0 96= .

≥ CHY100000 [yes/no (%yes)]
25 64 10.( ) 23 53 49.( ) 22 59 46.( ) p = 0 619.

Statistical comparisons between groups were made using the Kruskal-Wallis H Test for continuous variables and chi-square analyses for categorical variable.
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The impact of the “group × time” interaction was significant on 
the empathic concern dimension, F 2116 3 48,( ) = . , p = 0 034. , 
η p
2
0 06= . , 90% CI 0 00 0 13. .,[ ], but not significant for the perspective-

taking dimension, F 2116 1 01,( ) = . , p = 0 368. , η p
2
0 02= . , 

90% CI 0 00 0 06. .,[ ].

3.4.3. Self-compassion
In the case of self-compassion (Table 3), no significant differences 

were observed between the groups before the intervention 
(F 2116 0 03,( ) = . , p = 0 969. , η p

2
0 01< . , 90% CI 0 00 0 00. .,[ ]). In the 

d-MBI group, a significant main effect of “time” on self-compassion 
was observed, F 138 4 29,( ) = . , p = 0 041. , η p

2
0 04= . , 90% CI 

0 00 0 11. .,[ ]. A significant increase in self-compassion scores was 
observed from pre- to post-intervention, t 138 2 07,( ) = − . , p = 0 041. , 
Cohen’s d = −0 33. , 95% CI − −[ ]0 65 0 01. ., . In the f-MBI group, a main 
effect of “time” was also identified, F 1 42 6 91,( ) = . , p = 0 010. , 
η p
2
0 06= . , 90% CI 0 01 0 14. .,[ ]. A significant increase in self-

compassion scores was identified from pre- to post-intervention, 
t 1 42 2 63,( ) = − . , p = 0 010. , Cohen’s d = −0 40. , 95% CI − −[ ]0 71 0 10. ., . 
In the control group, no main effect of “time” was observed, 
F 136 0 43,( ) = . , p = 0 512. , η p

2
0 01< . , 90% CI 0 00 0 04. .,[ ]. The “group 

× time” interaction was not significant, F 2116 0 91,( ) = . , p = 0 406. , 
η p
2
0 02= . , 90% CI 0 00 0 06. .,[ ].

3.5. Influence of the MBIs on the online 
donations

A two-way ANOVA was conducted, with the number of donated 
grains as the dependent variable and gender (male and female) and 
group (d-MBI, f-MBI, and control) as independent variables. This 
revealed a significant main effect of the intervention, F 2113 18 97,( ) = . , 
p < 0 001. , η p

2
0 25= . , 90% CI 0 14 0 35. .,[ ]. Multiple comparisons 

(Bonferroni adjustment) demonstrated that participants in the d-MBI 
group (M = 509 74. , SD =197 08. ) and f-MBI group (M = 558 84. , 
SD = 217 65. ) donated significantly more rice than participants in the 
control group (M = 300 81. , SD =145 67. ; males in d-MBI and control, 
t 1113 3 27,( ) = − . , p = 0 004. , Cohen’s d = −1 05. , 95% CI 
− −[ ]1 83 0 27. ., ; females in d-MBI and control, t 1113 3 36,( ) = − . , 

p = 0 003. , Cohen’s d = −1 12. , 95% CI − −[ ]1 92 0 31. ., ; males in f-MBI 
and control, t 1113 3 90,( ) = − . , p < 0 001. , Cohen’s d = −1 25. , 95% CI 
− −[ ]2 04 0 47. ., ; females in f-MBI and control, t 1113 4 39,( ) = − . , 
p < 0 001. , Cohen’s d = −1 41. , 95% CI − −[ ]2 18 0 63. ., ). There was no 
significant difference between the d-MBI and f-MBI groups (males, 
t 1113 0 61,( ) = − . , p =1 00. , Cohen’s d = −0 20. , 95% CI −[ ]1 01 0 60. ., ; 
females, t 1113 0 97,( ) = − . , p =1 00. , Cohen’s d = −0 29. , 95% CI 
−[ ]1 01 0 43. ., ). Gender had no significant main effect, F 1113 0 02,( ) = . , 
p = 0 893. , η p

2
0 01< . , 90% CI 0 00 0 01. .,[ ]  and the interaction was also 

not significant, F 2113 0 06,( ) = . , p = 0 946. , η p
2
0 01< . , 

90% CI 0 00 0 00. .,[ ].

4. Discussion

The findings of this study provide support for Hypothesis 1, as it 
was found that participants who received mindfulness interventions 
spent more time donating rice to charitable organizations compared 
to participants in the active control group. Thus, this finding supports 
previous research (e.g., Donald et  al., 2019; Schindler and Friese, 
2022), suggesting that enhancing mindfulness promotes prosocial 
behavior. Specifically, increased mindfulness leads to higher empathic 
concern (Donald et al., 2019; Berry et al., 2020). Empathic concern (or 
compassion) can be defined as the response to the suffering of others 
(Pfattheicher et al., 2016). Mindfulness interventions typically help to 
disengage and decouple from mental content through non-judgmental 
acceptance (Schindler and Friese, 2022). Cultivating this ability 
weakens self-referential thoughts and emotions, further reduces the 
boundaries between self and others, and thus increases empathy for 
others in need (Berry et al., 2020). Our study confirms that this effect 
is present in interactions with real-world charitable organizations, 
where time spent is the requested donation. Furthermore, results 
confirm that, by using time as currency, mindfulness interventions 
can lead to more sustained prosocial behaviors to alleviate negative 
emotions, which is similar to the instantaneous effects of mindfulness 
practices found in previous research (e.g., O’Connor et al., 2022; Do 
et al., 2023).

This study found an interesting discrepancy: participants in the 
d-MBI group did not spend as much time donating rice to the WFP as 

TABLE 3 Social connectedness (SOC), self-reported empathy (IRI), and self-compassion (SCS-SF) in the different groups pre- and post-intervention 
evaluation, and intra-group effect sizes (d) between assessments.

d-MBI group f-MBI group Control group

Pre Post  d Pre Post  d Pre Post  d 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Social connectedness

SOC 32 92.  (10 84. ) 34 21.  (10 20. ) −0 32. 32 49.  (10 24. ) 33 98.  (10 23. ) −0 38. 33 43.  (9 96. ) 33 84.  (9 59. ) −0 10.

Self-reported empathy

Perspective-taking

PT 27 18.  (5 35. ) 27 67.  (5 15. ) −0 33. 26 61.  (5 12. ) 27 30.  (4 94. ) −0 47. 26 70.  (5 48. ) 26 92.  (4 99. ) −0 14.

Empathic concern

EC 26 72.  (5 17. ) 27 33.  (5 12. ) −0 57. 26 37.  (5 45. ) 27 26.  (5 37. ) −0 82. 26 84.  (5 20. ) 27 08.  (5 15. ) −0 23.

Self-compassion

SCS-SF 38 10.  (12 85. ) 39 18.  (11 64. ) −0 33. 37 63.  (12 02. ) 38 93.  (12 61. ) −0 40. 38 27.  (11 16. ) 38 62.  (10 89. ) −0 11.
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predicted compared to participants in the f-MBI group (Hypothesis 2 
was not supported). Why were the prosocial effects more pronounced 
in the f-MBI group? One possible explanation is the influence of 
familiarity between students and mindfulness instructors on the 
acceptability, engagement, and dropout rates of MBIs (González-
García et  al., 2021). Previous research emphasized the potential 
importance of student-teacher familiarity (Hill and Jones, 2018). 
Teachers familiar with their students often maintain a relatively 
optimistic about learning outcomes, thus prompting students’ higher 
achievement levels (Hill and Jones, 2021). Conversely, familiarity with 
their teachers tends to spur students to participate in classroom 
activities more enthusiastically and feel more secure (Hwang et al., 
2021). On the other hand, the d-MBI group was introduced to the 
concept through mini-lectures, which only included video footage of 
mindfulness instructors from the waist up, explaining the main themes; 
all intervention audios were recorded in a different teacher’s voice. 
These factors may explain the more potent effects of the f-MBI group 
intervention. It can be seen that some of the differences in participation 
and outcomes of digital mental health interventions may be caused by 
common and related factors embedded in the technology itself 
(Cavanagh and Millings, 2013). Future research can assess the unique 
contributions of these related factors to the intervention results. 
Moreover, our findings align with Fischer et al.’s (2020) research, which 
suggests that while self-guided interventions accessible via smartphones 
and web-based applications are effective for mental health 
improvement, they do not perform as well as face-to-face and group-
based therapeutic interventions. Hence, they should not replace clinical 
interventions for individuals and groups in need.

Our study results also extend a small but growing body of research 
that suggests mindfulness training can increase empathy and self-
compassion. Compared with the active control group, the intervention 
group participants significantly improved their social connection, and 
reported high empathy and self-compassion pre-post scores, with 
medium effects for all evaluated variables. This is consistent with 
previous research on MBIs, including a recent meta-analysis 
investigating MBIs in children and adolescents (Cheang et al., 2019), 
a study demonstrating the mediating role of social connections 
between mindfulness and mental health (Rehman et al., 2021), and a 
study investigating increased salivary oxytocin and empathy after 
MBIs (Bellosta-Batalla et  al., 2020a). All these studies evaluated 
randomized controlled trials. However, the results of this study were 
slightly lower than similar studies providing mindfulness interventions 
for adolescents (e.g., Hawk et al., 2013; Edwards et al., 2014; Bluth 
et al., 2016; Bluth and Eisenlohr-Moul, 2017; Yang and Kang, 2020). 
We  attribute this discrepancy to the increased anxiety and stress 
experienced by adolescents during the COVID-19 pandemic 
lockdowns. This stringent confinement, alongside the threat of rising 
infection rates, led to significant psychological distress and severe 
mental health consequences (Brooks et al., 2020; González-Sanguino 
et  al., 2020), especially in vulnerable groups such as minors 
(Hollenstein et al., 2021; Magson et al., 2021). Concurrently, the stress 
caused by the overconsumption of social media has deepened the 
profound psychological impact of the lockdown on adolescents (Dong 
et al., 2020; Marciano et al., 2022). Indeed, during the COVID-19 
crisis, the spread of misinformation, fake news, and shocking images 
on social media potentially exacerbated feelings of fear, anxiety, stress, 
and worry (Zhao and Zhou, 2020; Lopes et al., 2022). Notably, self-
compassion has been identified as a crucial correlate of stress coping. 

When individuals experience negative emotions or events, self-
compassion may be a valuable coping resource, potentially preventing 
the occurrence of psychological distress (Ewert et al., 2021). Digital 
media resolve some methodological challenges associated with 
traditional face-to-face interventions, such as the feasibility of students 
independently conducting short-term mindfulness meditation 
training during the COVID-19 home isolation. Therefore, for 
policymakers, public health agencies, and educational institutions, 
introducing d-MBIs is a valuable strategy to promote adolescents’ 
mental health and provide them with effective resources for emotional 
regulation and coping with challenges.

An essential yet underexplored question concerns the required 
duration of mindfulness practice for emotional improvement. While 
some research suggests that just one 5-min meditation session can 
increase positive emotions (Ridderinkhof et al., 2017), other studies 
report that a significant stress reduction requires at least four weeks of 
continuous practice (Baer et al., 2012). In the current study, a single 
90-min session of MBIs was sufficient to boost empathy and 
compassion, foster pro-social behavior, and enhance well-being. This 
aligns with a previous report that 30 min of MBIs enhanced students’ 
empathy and increased oxytocin levels in saliva (Bellosta-Batalla et al., 
2020b). These findings may help lessen the economic and public 
health burdens associated with mental disorders like anxiety, stress, 
and depression (Wiegner et  al., 2015), particularly given the 
affordability and accessibility of digital health platforms. Despite these 
promising results, substantial additional research is required before 
definitive conclusions can be reached.

In conclusion, this research contributes to assessing the efficacy of 
MBIs delivered to adolescents via technology—a medium that 
resonates with this age group, given their overall affinity for electronic 
devices and the internet. Digital platforms may potentially solve some 
methodological challenges associated with conventional interventions 
(such as mindfulness-based stress reduction). For instance, 
quantifying the amount or “dosage” of mindfulness training in 
meditation research often presents a challenge (Davidson and 
Kaszniak, 2015). This is particularly true for interventions involving 
self-reported home practice or active control, which cannot be directly 
measured. Hence, d-MBIs could be a valuable tool for primary and 
secondary prevention in maintaining mental health (González-García 
et al., 2021). Adolescents have long been seen as self-centered and 
rebellious. However, this study aims to clarify that d-MBIs are an 
effective method for promoting social and psychological health among 
adolescents, meeting their basic need to contribute to others and gain 
the capacity to consider others. This is a crucial step in researching 
how adolescents can incorporate mindfulness into their daily lives 
over the long term. Although this modality of MBI encounters various 
challenges, they can be surmounted by applying some best practices 
in digital learning (Mrazek et al., 2019a,b; González-García et al., 
2021), as considered in the current study. By capitalizing on the 
benefits of digital platforms, we can optimize the delivery and impact 
of mindfulness-based interventions for adolescents, enhancing their 
mental health and overall well-being.

5. Limitations and future research

A series of limitations should be considered when evaluating the 
results of this study. First, the results are limited by a moderate sample 
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size. Although we  did not find baseline differences in 
sociodemographic variables among participants assigned to different 
groups, and we do not have any apparent reason to assume that the 
characteristics of participants under different conditions have other 
baseline differences (as explained in the Method section), we must 
interpret the causal relationship of the effects we reported cautiously. 
Future research should try to replicate and expand our results with 
larger research cohorts to address the current limitations.

Second, the current study did not thoroughly compare the 
differences in student experience between virtual instructor 
representations in d-MBIs and real instructor representations in 
f-MBIs. This area warrants further exploration, as such a comparison 
could provide insights into how to improve both online and in-person 
intervention methods. Although student-teacher familiarity is a factor 
in mindfulness interventions, the experiences may vary among 
students. d-MBIs offer less opportunity for personalized interaction, 
feedback, and the adjustment of teaching according to students’ 
specific needs, which could potentially lower the effectiveness of the 
intervention. Furthermore, instructor bias is a crucial factor affecting 
f-MBIs. If instructors have positive or negative preconceptions about 
certain students, it could influence their evaluation and teaching 
methods, thereby affecting the outcomes of the intervention. Future 
research should focus on developing more structured, standardized 
intervention measures to minimize individual differences in 
intervention results. Simultaneously, instructors need to learn how to 
adjust their teaching strategies within a guiding framework to meet 
the needs of each student. This may involve instructor training, the 
development of educational technology, and research on how positive 
thinking interventions can be applied in different environments. It 
would ensure the intervention measures’ consistency while catering 
to different students’ needs.

Third, the Freerice task is actually a test of knowledge, which may 
explain why some students stopped the game because they found it 
too tricky rather than losing the motivation to display pro-social 
behaviors. However, this is expected to have only a minimal impact, 
as all participants are high school students from key classes, so they 
are expected to have a sufficiently complex vocabulary to meet the 
requirements of this task.

Lastly, we  only studied one type of charitable behavior. The 
advantage of the target behavior is that it is objectively and precisely 
measured, and in this case, the manipulation of the mindfulness 
intervention was feasible. Future research should determine whether 
our findings can be  extended to other pro-social behaviors. 
Additionally, the behavioral cost of the tasks on www.freerice.com is 
relatively low, raising the question of whether these results would 
generalize to higher-cost behaviors. Engel’s (2011) meta-analysis 
suggests no or only minor effects of stake size on generosity.

6. Conclusion

MBIs can effectively improve empathy and compassion in 
children and adolescents, so there is a great need for accessible 
mental health promotion tools. These tools are increasingly 
provided digitally, with the field of digital mental health tools 
rapidly developing along with technological advances. This study of 
digital tool schemes and their effectiveness indicates that d-MBIs 

can enhance empathy and self-compassion in adolescents, 
promoting online charitable behavior. The results suggest that while 
the effect size of d-MBIs is less than that of traditional f-MBIs, they 
are more effective than control groups (e.g., Spijkerman et al., 2016; 
Stratton et al., 2017). This is a positive indication, bolstering the 
general recommendation for using these digital interventions, even 
in scenarios where immediate clinical guidance or supervision is 
not readily available. Nonetheless, the most beneficial approach for 
adolescents is a school-based environment, a degree of guidance 
and professional support, and consistent adherence to interventions. 
Our research demonstrates the value of d-MBIs in academic terms 
and how they can positively impact modern society’s charitable 
endeavors. Future research should pay particular attention to 
diversity-sensitive design and content and the ongoing availability 
of the tools developed.
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