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Abstract
Background  Test anxiety is a common form of situational anxiety among adolescents, which can seriously affect 
their academic performance and mental health. Guided by Emotion Regulation Theory and Social Support Theory, 
this study explores the mechanism by which mindfulness influences adolescent test anxiety, introducing music 
therapy and social support as chained mediators.

Method  A cross-sectional questionnaire survey was conducted among 372 adolescents from a secondary school 
in China. Measurement tools included the Mindfulness Scale, Music Therapy Perception Scale, Social Support Scale, 
and Test Anxiety Scale. Correlation analysis was performed using SPSS 26.0, and chained mediation analysis was 
conducted using the PROCESS macro (Model 6).

Results  The results showed that mindfulness had a significant negative effect on adolescent test anxiety (β = -0.349, 
p < 0.001). Music therapy mediated the relationship between mindfulness and test anxiety, with an indirect effect of 
-0.074 (95% CI [-0.109, -0.042]), accounting for 12.1% of the total effect. Social support also served as an independent 
mediator (β = -0.161, 95% CI [-0.216, -0.112]), explaining 26.2% of the total effect. In addition, music therapy and social 
support jointly played a chained mediating role (β = -0.029, 95% CI [-0.049, -0.014]), accounting for 4.8% of the total 
effect.

Conclusion  Mindfulness can alleviate adolescent test anxiety both directly and indirectly through music therapy 
and social support. This study reveals the potential mechanisms of mindfulness-based interventions and provides 
theoretical and practical implications for school-based mental health education. Especially in resource-limited 
settings, promoting mindfulness training and music therapy appears to be a feasible and valuable intervention 
strategy.
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Introduction
Test anxiety (TA) refers to a set of abnormal physiologi-
cal and psychological reactions triggered by excessive 
exam-related stress, including pre-exam anxiety, anxiety 
during the exam, and post-exam tension [1, 2]. Anxiety 
is not limited to specific age groups or educational envi-
ronments, but is a widespread phenomenon [3]. TA, as 
a form of situational trait anxiety, is marked by negative 
cognitive reactions and physiological symptoms in evalu-
ative settings [4, 5]. During adolescence, especially in sec-
ondary school, academic pressure significantly increases, 
and expectations for academic success rise, making ado-
lescents more sensitive to exam and evaluation situa-
tions [6–8]. Research by Putwain et al. [7] found that TA 
negatively impacts academic performance and overall 
well-being. Additionally, Yue et al. [8] pointed out that 
students with high levels of TA not only face the risk of 
declining academic performance but may also develop 
anxiety disorders and other mental health issues. Given 
these adverse consequences, identifying effective psycho-
logical and environmental protective factors is essential.

Existing research on adolescent TA typically focuses on 
several core domains. First, studies have explored the fac-
tors leading to TA, including academic pressure, family 
expectations, individual emotional regulation abilities, 
and self-efficacy [9–11]. Second, research has evaluated 
various interventions and strategies to reduce TA, includ-
ing mindfulness (MF), music therapy (MT), and social 
support (SS) [8, 12, 13]. Yue et al. [8] emphasized the 
potential of MF as an emotion regulation strategy to alle-
viate adolescent TA. Hu et al. [13] found that MT effec-
tively reduces adolescent TA by using music to induce 
relaxation and emotional regulation. Finally, studies have 
also explored the influence of environmental factors on 
adolescent TA, particularly the support from family and 
peers, which is considered crucial in alleviating TA [14]. 
MT and SS represent the internal and external regula-
tory mechanisms, respectively, through which MF may 
influence TA. According to Emotion Regulation Theory 
(ERT), individuals manage stress by actively adjusting 
their emotional responses [15]. MF helps reduce anxiety 
levels by enhancing emotional awareness and acceptance 
[16]. As a commonly used emotion regulation strategy, 
MT facilitates positive emotions and reduces physiologi-
cal arousal through musical elements such as rhythm and 
melody, thereby serving as a mediator in the relationship 
between MF and TA [17]. Meanwhile, Social Support 
Theory (SST) posits that perceived social support pro-
vides individuals with emotional comfort and practical 
assistance during stressful situations, serving a buffer-
ing role [18]. MF may enhance individuals’ sensitivity to 
interpersonal environments and satisfaction with rela-
tionships, indirectly increasing their perception of SS 
[19]. Further studies have shown that musical activities 

promote interpersonal interaction and social bonding 
[20], suggesting that MT may also enhance adolescents’ 
perceived SS by improving emotional states. This forms 
a potential chain mediation pathway: MF → MT → SS 
→ TA. Such a pathway theoretically integrates inter-
nal emotional regulation and external social resources, 
revealing the multilayered mechanism by which MF 
operates. Therefore, drawing on both ERT and SST, this 
study proposes that MF reduces adolescent TA through 
the chained mediating effects of MT and SS. This model 
aims to clarify how MF facilitates both internal emotional 
adjustment and external resource mobilization, providing 
theoretical and practical implications for school-based 
mental health interventions targeting test anxiety in ado-
lescents, particularly in filling the current structural gap 
in related research.

MF and TA
MF refers to the conscious awareness of one’s present 
experiences, maintained with an open, accepting, and 
non-judgmental attitude [21–23]. This practice enhances 
metacognitive awareness of thought processes and 
offers effective support for managing anxiety. Based on 
ERT, MF enhances individuals emotional awareness and 
regulation abilities through strategies such as cognitive 
reappraisal and attentional deployment, thereby helping 
individuals cope with TA [15]. Sun et al. [21] found that 
MF practice helps increase individuals’ awareness of their 
internal emotions, particularly in dealing with negative 
emotions and intrusive thoughts related to TA. Numer-
ous studies recommend MF training as an effective 
approach for managing negative thought patterns and 
supporting adolescents’ emotional stability under exam-
related stress [24–26]. Zandi et al. [25] noted that MF 
training not only reduces emotion-driven and avoidant 
coping strategies but also enhances students’ well-being 
and problem-solving abilities. This transition in coping 
style positively influences adolescents’ mental health and 
improves their capacity to manage TA effectively. Dundas 
and Nygård [26] found that the application of MF skills 
is universally effective across different contexts, not only 
reducing TA but also enhancing adolescents’ psychologi-
cal flexibility in daily learning and life. In summary, based 
on ERT, enhancing MF in adolescents helps improve psy-
chological stability and coping abilities, thereby alleviat-
ing TA.

The mediating role of MT
MT is a structured intervention that employs musi-
cal activities to achieve specific therapeutic outcomes. 
It is widely applied in the field of mental health, show-
ing significant effectiveness in alleviating anxiety, stress, 
and emotional regulation [27–30]. Based on ERT, MT 
can effectively regulate individuals’ emotional responses 
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through variations in rhythm, melody, and harmony, 
helping to alleviate anxiety and stress, thereby playing a 
key role in psychotherapy [31]. Park et al. [29] explored 
the practical applications of MT, highlighting its effec-
tiveness in reducing psychological stress. Additionally, 
MT facilitates emotional expression among early adoles-
cents and individuals with mental health challenges [32].

As an emotional regulation strategy, MF enhances indi-
viduals’ emotional awareness and self-regulation, thereby 
strengthening the effectiveness of MT [33–35]. The study 
by Chan et al. [35] indicated that MF improves emotional 
tolerance, enabling individuals to engage more deeply in 
MT and experience greater emotional relief and anxiety 
reduction. For example, MF can help individuals reduce 
emotional overreaction during MT, making it easier for 
them to derive emotional regulation benefits from the 
music [36]. Therefore, when combined with MF, MT 
serves as an effective tool for helping adolescents alle-
viate the stress and pressure associated with exams. 
Through MF practice, individuals are better equipped to 
cope with stress and anxiety, enhancing the effectiveness 
of MT and enabling it to play a more significant role in 
alleviating TA.

The mediating role of SS
SS refers to the respect, care, and assistance individuals 
receive from their important social networks, typically 
from parents, friends, peers, and close family groups [37, 
38]. Based on SS theory (SST) [18], SS alleviates negative 
emotions when individuals cope with stressful situations 
through emotional support (such as comfort and under-
standing), instrumental support (such as practical help), 
and informational support (such as advice and guidance). 
Ren et al. [38] noted that by establishing a strong support 
system, adolescents can receive more emotional support 
and practical help when facing academic pressure and 
TA. SS enables individuals to reinterpret stressful situa-
tions, thereby reducing psychological burden and miti-
gating the adverse effects of stress [39–41]. Cortés-Denia 
et al. [40] found that SS not only promotes positive emo-
tional states but also effectively reduces TA, enhancing 
adolescents’ ability to manage academic pressure. Shaba-
hang et al. [42] pointed out that through such support, 
adolescents can reduce feelings of loneliness caused by 
a lack of belonging, and experience companionship and 
understanding during stressful events, effectively reduc-
ing anxiety tendencies. Thus, SS contributes to a stronger 
psychological foundation, allowing adolescents to cope 
with academic pressure more effectively and lowering the 
incidence of TA.

The enhancement of MF increases adolescents sensitiv-
ity to SS, further promoting their ability to receive more 
emotional support when facing TA [43–45]. Yan et al. 
[45] noted that MF improves adolescents’ perception of 

care and support from others, which in turn plays a criti-
cal role in reducing TA. Singh et al. [43] explored how 
MF not only teaches adolescents effective coping strate-
gies but also creates a platform for SS, allowing them to 
receive understanding and encouragement from peers 
during the practice process, thereby reducing anxiety 
caused by academic pressure. By enhancing adolescents 
sensitivity to SS, MF can indirectly reduce their TA [46]. 
Therefore, MF enhances adolescents’ sensitivity to SS, 
effectively alleviating TA through this support.

The chain-mediating role of MT and SS
Based on the above literature, most studies focus on 
the relationship between MF and mental health medi-
ated by either MT or SS. At the same time, a substantial 
body of research indicates a significant positive correla-
tion between MT and SS [47–49]. This may be attributed 
to the way in which passive listening, active participa-
tion, and music creation promote interpersonal con-
nection, communication, and social understanding [50]. 
MT, by promoting emotional regulation and expression, 
enhances adolescents perception of SS, thereby helping 
to alleviate TA [27]. MT not only helps individuals reg-
ulate emotions but also enhances their adaptability and 
sense of belonging in social contexts, significantly reduc-
ing feelings of anxiety [51–53]. The study by Annesley et 
al. [52] highlighted that adolescents often feel encourage-
ment and care from their parents during MT, reinforc-
ing their SS networks. Lin et al. [53] further emphasized 
that participation in musical activities helps adolescents 
integrate socially, thereby enhancing their perceived SS 
and indirectly reducing TA. MT, by enhancing adoles-
cents sense of connection to society, significantly boosts 
their SS, thereby mitigating the negative emotions caused 
by TA [54]. In conclusion, MT not only directly allevi-
ates adolescents anxiety but also plays an indirect role in 
reducing TA by enhancing their sense of social integra-
tion and level of SS [55]. Therefore, beyond the individual 
mediating effects of MT and SS, their potential chain-
mediating role should not be overlooked.

It is worth noting that although this study conceptu-
alized MF as the antecedent variable and focused on its 
mechanisms in alleviating TA, previous research has 
suggested that anxiety itself may in turn influence indi-
viduals’ emotional regulation capacity and access to psy-
chological resources [56, 57]. For instance, persistent 
TA may reduce adolescents’ receptivity to MF practices 
and decrease their motivation to engage, thereby weak-
ening the effectiveness of MF-based interventions [57]. 
Furthermore, elevated levels of TA may compromise the 
efficacy of emotion regulation strategies [58], and even 
diminish individuals’ sensitivity to and trust in SS [59]. 
These findings imply that the relationships among MF, 
MT, SS, and TA may not be strictly unidirectional, but 
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may involve reciprocal or interactive dynamics. Although 
this study employed a chained mediation model with MF 
as the independent variable, future research should con-
sider possible reverse paths or bidirectional interactions 
among these variables to gain a more comprehensive 
understanding of how MF-based interventions function 
in the context of adolescent TA.

The current study
This study is the first to explore the chain-mediating role 
of MT and SS in the relationship between MF and TA in 
adolescents. Based on ERT and SST, MF enhances emo-
tional awareness and cognitive reappraisal abilities [15], 
while MT, as an emotional regulation tool, alleviates anx-
iety by reducing stress. Meanwhile, SST emphasizes that 
emotional support from family and peers can effectively 
reduce anxiety through a stress-buffering mechanism 
[18]. On the basis of these theories, we have constructed 
the theoretical model shown in Fig. 1 and proposed the 
following hypotheses:

H1: MF is negatively correlated with adolescent TA.
H2: MT mediates the relationship between MF and 

adolescent TA independently.
H3: SS mediates the relationship between MF and ado-

lescent TA independently.
H4: MT and SS mediate the relationship between MF 

and adolescent TA in a chain-mediated manner.

Method
Data collection
This study employed a cross-sectional survey design, and 
data were collected through the online questionnaire 
platform Questionnaire Star (www.sojump.com) to test 
the proposed hypothetical model. The data collection 
took place between March and November 2024. The par-
ticipants were students from Xihua University Affiliated 
Middle School. A stratified random sampling method 
was used to ensure representativeness across gender, 
grade level, and socioeconomic background. The study 

procedures adhered to the ethical principles outlined 
in the Declaration of Helsinki [60], and ethical approval 
was obtained from the Biomedical Ethics Committee of 
Xihua University Affiliated Middle School (Approval 
No. 20240156). All participants and their legal guard-
ians were fully informed about the purpose, procedures, 
and rights related to the study, including the voluntary 
nature of participation, the right to withdraw at any time 
without penalty, and the confidentiality and anonymity of 
their responses. Written informed consent was obtained 
from both the participants and their guardians. The 
inclusion criteria for this study were as follows: (1) stu-
dents currently enrolled in middle or high school; (2) the 
ability to read and comprehend Chinese; and (3) provi-
sion of written informed consent by both the participant 
and their legal guardian. The exclusion criteria were: (1) 
incomplete questionnaires, such as missing responses 
or entire sections left unanswered; and (2) patterned 
or careless responding, including selecting the same 
response option throughout the questionnaire or exhibit-
ing a uniform response pattern [61]. After screening out 
incomplete responses and careless answers, a total of 372 
valid questionnaires were obtained [62]. In this study, 
the maximum number of arrows pointing to endogenous 
latent variables was three. According to Hair et al. [63], 
to achieve an R² value of 0.10 in model explanation, the 
minimum required sample size at a 1% significance level 
is 191. The 372 samples used in this study clearly exceed 
this minimum requirement, ensuring the robustness and 
reliability of the results. Demographic information col-
lected in this study included gender, grade level, place of 
residence, parental education level, and family economic 
status. A summary of participants’ demographic charac-
teristics is presented in Table 1. Among the 372 respon-
dents, 212 were male (56.99%) and 160 were female 
(43.01%). A total of 163 participants (43.82%) were junior 
high school students, while 209 (56.18%) were senior 
high school students. In terms of place of residence, 

Fig. 1  Theoretical hypothesis model

 

http://www.sojump.com


Page 5 of 13Xiang and Li BMC Psychology          (2025) 13:505 

41.40% lived in urban areas, 34.68% in suburban areas, 
and 23.92% in rural areas.

Measurement tools
The survey consists of two parts: the first part collects 
demographic information about the participants, and the 
second part assesses the constructs related to this study. 
All constructs in this study are measured using estab-
lished scales. In addition to demographic-related fac-
tors, each construct is measured using a Likert five-point 
scale, ranging from “Strongly Disagree”, “Disagree”, “Neu-
tral”, “Agree”, to “Strongly Agree”.

Demographic factors
Demographic factors include gender (male or female), 
grade level (junior high school or senior high school), 
place of residence (urban, suburban, or rural), parental 
education level (primary school or below, junior high 
school, senior high school, college or bachelor’s degree, 
graduate degree or above), and family economic status 
(very difficult, quite difficult, average, fairly good, or very 
good).

MF scale
This study used a MF scale(MFs) to assess the impact of 
MF on adolescent TA. The scale was adapted from Sumell 
et al. [64] and includes 16 items across four dimensions: 
distraction, awareness level, frequency of mobile device 
use in the classroom, and frequency of anxiety experi-
enced during exams. For example, “I am too focused on 
wanting to do well in the exam, neglecting the current 
learning process”. A 5-point Likert scale was used, with 
response options ranging from 1 (“strongly agree”) to 5 
(“strongly disagree”). The total score ranged from 16 to 

80, with higher scores indicating higher levels of MF. To 
maintain consistency with the original scale, no modifi-
cations were made to the item content in this study. The 
Cronbach’s alpha for this scale in the current study was 
0.845, demonstrating good internal consistency.

MT scale
The MT scale (MTs) was adapted from Liu [65] and 
includes 7 items to measure the impact of MT on ado-
lescent TA. Examples of items include: “I believe that MT 
can improve emotional health” and “I know that MT can 
reduce the likelihood of mental breakdowns”. A 5-point 
Likert scale was used, with response options ranging 
from 1 (“strongly disagree”) to 5 (“strongly agree”). The 
total score ranged from 7 to 35, with higher scores indi-
cating greater perceived effectiveness of MT. To ensure 
consistency with the original scale, no modifications were 
made to the item content in this study. The internal con-
sistency of this scale was good, with a Cronbach’s alpha 
of 0.892 in this study.

SS scale
The SS scale (SSs) used in this study was adapted from 
Sun and Guo [66] and includes 12 key items across three 
dimensions: family, friends, and other sources of support. 
Examples of items include: “My family can provide me 
with practical help” and “I can rely on my friends when 
I face difficulties”. A 5-point Likert scale was used, with 
response options ranging from 1 (“strongly disagree”) 
to 5 (“strongly agree”). The total score ranged from 12 
to 60, with higher scores indicating greater levels of SS 
perceived by adolescents. To ensure consistency with the 
original scale, no modifications were made to the item 
content in this study. The Cronbach’s alpha for this scale 

Table 1  Demographic information of the sample
Demographic Characteristics Category Quantity Percentage (%)
Gender Male 212 56.99

Female 160 43.01
Grade Junior high school 163 43.82

Senior high school 209 56.18
Place of residence Urban 154 41.40

Suburban 129 34.68
Rural 89 23.92

Parental education level Primary school or below 28 7.53
Junior high school 122 32.80
Senior high school 131 35.22
College or bachelor degree 77 20.70
Graduate degree or above 14 3.76

Family economic status Very difficult 5 1.34
Quite difficult 44 11.83
Average 141 37.90
Fairly good 126 33.87
Very good 56 15.05
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in this study was 0.950, demonstrating excellent internal 
consistency.

TA scale
The measurement of adolescent TA in this study pri-
marily refers to Tan and Pang [67]. The scale consists 
of 23 items across three dimensions: social devaluation 
(worrying about being socially devalued or rejected by 
significant others after failing the exam), cognitive inter-
ference (difficulty concentrating, recalling information, 
and solving problems before or during the exam), and 
tension (physical and emotional discomfort). Examples 
of items include: “Even if I am well prepared, I still get 
nervous before the exam” and “During important exams, 
I feel my heart racing”. Five items require reverse scoring, 
such as “I feel no nervousness or anxiety when entering 
the exam room” and “I am confident that I will perform 
well in the exam”. A 5-point Likert scale was used, with 
response options ranging from 1 (“strongly disagree”) to 
5 (“strongly agree”). The total score ranged from 23 to 
115, with higher scores indicating higher levels of test 
anxiety TA. To ensure consistency with the original scale, 
no modifications were made to the item content in this 
study. The Cronbach’s alpha for this scale in this study 
was 0.924, demonstrating good internal consistency.

Statistical analysis
All data analyses were conducted using SPSS 26.0 
[68]. Prior to hypothesis testing, the assumptions for 
regression analysis—including normality, linearity, and 
multicollinearity—were examined to ensure the appro-
priateness of the model specification. Descriptive statis-
tics were first calculated, including means and standard 
deviations for all variables. Pearson correlation analyses 
were then performed to assess the relationships among 
MF, MT, SS, and TA. Guided by ERT and SST, the study 
hypothesized that MF influences individuals’ emo-
tional regulation via MT, which in turn enhances their 
perception of SS, ultimately reducing TA. To test this 
chained mediation model, PROCESS Macro Model 6 was 
employed. The Bootstrap method was used with 5,000 
resamples to construct 95% bias-corrected confidence 
intervals. A mediation effect was considered significant if 
the confidence interval did not include zero. In addition, 
the analysis reported the coefficient of determination 

(R²), F-statistics, Unstandardized coefficient, t-values, 
and 95% confidence intervals to clearly present the effects 
among variables and the explanatory power of the model, 
thereby ensuring the scientific rigor and interpretability 
of the findings. A significance threshold of p < 0.001 was 
adopted for all statistical tests [69].

Result
To ensure that the data met the assumptions for multi-
variate analysis and to enhance the accuracy and validity 
of the results, this study verified normality by examin-
ing kurtosis and skewness. According to Kline [70], an 
absolute skewness value below 3 and an absolute kurtosis 
value under 10 are considered acceptable benchmarks. 
Thus, the primary variables in this research satisfy the 
requirements for normal distribution (see Table  2). In 
addition, to test the assumption of linearity, a scatterplot 
of standardized predicted values against standardized 
residuals was generated (see Fig. 2). The results showed 
that the data points were randomly distributed without 
any discernible curve or systematic pattern, indicating 
that the relationships among variables were essentially 
linear. This supports the appropriateness of conduct-
ing chained mediation analysis based on regression 
techniques.

Common method bias test
The Harman’s Single Factor Test was used to exam-
ine common method bias in the data. The results of the 
exploratory factor analysis revealed three factors with 
eigenvalues greater than 1. The first factor explained 
39.04% of the variance, which is below the critical thresh-
old of 40% [71]. This indicates that there is no significant 
common method bias in this study.

Collinearity diagnostics
To ensure the stability of the model and the validity of 
its interpretation, a detailed collinearity diagnosis was 
performed on the independent variables. As shown in 
Table 3, all tolerance values were above 0.1, and the vari-
ance inflation factor (VIF) values ranged from 1.407 
to 1.703, which are well below the commonly accepted 
threshold of 3.3 [72]. These results indicate that multicol-
linearity was not a serious concern in this study.

Descriptive statistics and correlation analysis
Descriptive statistics and correlation analysis were con-
ducted on the data from 372 valid samples to explore the 
relationships between MF, MT, SS, and adolescent TA. 
As shown in Table 4, the means, standard deviations, and 
correlation coefficients of all variables were statistically 
significant (p < 0.001, N = 372). Pearson correlation analy-
sis revealed a significant positive correlation between MF 
and MT (r = 0.503, p < 0.001). MF (r = 0.582, p < 0.001) and 

Table 2  Descriptive statistics of variables
Variables N MIN MAX SK Kur
MF 372 1.00 5.00 -0.349 -1.274
MT 372 1.00 5.00 -1.504 1.389
SS 372 1.00 5.00 -0.608 -1.433
TA 372 1.11 4.78 0.825 -0.727
Note: N = sample size; MIN = minimum value; MAX = maximum value; 
SK = skewness; Kur = kurtosis
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MT (r = 0.447, p < 0.001) were positively correlated with 
SS. Moreover, there were significant negative correla-
tions between MF (r = -0.730, p < 0.001), MT (r = -0.587, 
p < 0.001), SS (r = -0.708, p < 0.001), and adolescent TA.

Mediation effect analysis
The results of the correlation analysis met the statistical 
requirements for further testing of the mediation effects 
of MT and SS. To account for the potential influence of 
demographic factors on the relationships among the pri-
mary variables, gender, grade level, place of residence, 
parental education level, and family economic status 
were included as covariates in the regression analyses. In 
this study, regression analysis and chain mediation effect 

analysis were conducted using Model 6 of the PROCESS 
macro in SPSS 26.0 on 372 participants (Tables 5 and 6).

The mediation effects were tested using the PROCESS 
macro and bootstrap method in SPSS 26.0. According to 
the hypothesized model of this study, MF is directly or 
indirectly related to TA through four pathways. As shown 
in Table 6; Fig. 3, the total effect of MF on adolescent TA 
is -0.614, and the direct effect of MF on TA is -0.349. 
The effect of MF→ MT → TA is -0.074 (95% CI: [-0.109, 
-0.042]), the effect of MF→ SS → TA is -0.161 (95% CI: 
[-0.216, -0.112]), and the effect of MF→ MT → SS → TA 
is -0.029 (95% CI: [-0.049, -0.014]). The 95% confidence 
intervals for these indirect effects do not include 0, and 
the overall indirect effect ratio is 43.1%. Therefore, the 
hypothesized model of this study is supported.

Discussion
In this study, based on ERT and SST, we used a chained 
mediation model to explain the mediating roles of MT 
and SS in the relationship between MF and adolescent 
TA. The results of this study suggest that MF not only 
directly reduces adolescent TA but also influences TA 
through a series of mediating effects involving MT and 
SS. The stronger the MF, the more effective the MT, and 
the higher the level of SS, which in turn reduces the risk 
of TA. This study offers new insights into preventing and 
managing adolescent TA, with potential implications for 
promoting their mental well-being.

Table 3  Collinearity diagnostics of the structural model
Tolerance VIF

MF 0.587 1.703
MT 0.711 1.407
SS 0.629 1.589

Table 4  Descriptive statistics and correlation analysis of variables 
(r)
Variable M ± SD MF MT SS TA
MF 3.30 ± 1.12 1
MT 3.86 ± 0.89 0.503*** 1
SS
TA

3.41 ± 1.31
2.55 ± 0.99

0.582***
-0.730***

0.447***
-0.587***

1
-0.708***

1

Note: N = 372, ***p<0.001, M ± SD = Mean ± Standard Deviation

Fig. 2  Scatterplot of standardized predicted values and standardized residuals
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The direct effect of MF on TA
MF significantly negatively affects adolescent TA, which 
is consistent with the findings of Sun et al. [21], sup-
porting Hypothesis 1. A substantial body of research 
has shown that MF is closely related to TA [24–26]. MF 
practice helps adolescents disengage from exam-related 
worries and anchor their attention in the present, thereby 
alleviating TA more effectively [24]. This enhanced focus 
enables adolescents to approach exams with a calmer 
mindset, reducing the psychological burden associated 
with fear of failure. Moreover, long-term MF practice 
can enhance adolescents psychological stability, enabling 

them to respond more flexibly to unexpected situations 
during exams, without being easily disturbed by external 
factors [26]. This study found that MF effectively reduces 
adolescent TA. The improvement in psychological stabil-
ity not only helps them manage emotions better but also 
directly reduces the frequency and intensity of TA. Addi-
tionally, mindful awareness through intentional practice 
helps regulate individuals tension responses, alleviating 
the physiological symptoms triggered by exam stress, 
thereby helping adolescents focus more on the prepara-
tion process and improving learning [73].

Table 5  Regression analysis of the relationships between variables in the chain mediation model
Outcome
variable

Predictor
variable

β SE T CI (95%) R2 F
LLCI ULCI

MT MF 0.344*** 0.036 9.435 0.272 0.416 0.313 27.721
SS MF 0.568*** 0.058 9.864 0.455 0.682 0.373 30.873

MT 0.299*** 0.074 4.034 0.153 0.445
TA MF -0.349*** 0.034 -10.231 -0.416 -0.282 0.697 104.333

MT -0.215*** 0.040 -5.385 -0.293 -0.136
SS -0.284*** 0.028 -10.298 -0.338 -0.230

Note: ***p < 0.001, β = Unstandardized Coefficients, SE = Standard Error, T = T-value, CI = Confidence Interval, LLCI = Lower Limit Confidence Interval, ULCI = Upper 
Limit Confidence Interval, R² = Coefficient of Determination, F = F-value

Table 6  Mediation effect analysis of MT and SS
Type Effect value Boot SE Bootstrap 95% CI Percentage

Boot LLCI Boot ULCI
Total effect
Direct effect
MF→MT→TA

-0.614
-0.349
-0.074

0.033
0.034
0.017

-0.678
-0.416
-0.109

-0.549
-0.282
-0.042

100%
56.9%
12.1%

MF→SS→TA -0.161 0.027 -0.216 -0.112 26.2%
MF→MT→SS→TA -0.029 0.009 -0.049 -0.014 4.8%
Note: Boot SE = Bootstrap Standard Error, 95% CI = 95% Confidence Interval

Fig. 3  Mediation model of MT on adolescent TA
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The mediating role of MT
MT plays a significant mediating role between MF and 
TA, indicating that MF indirectly influences TA through 
MT. This result is consistent with the findings of Chan 
et al. [35], supporting Hypothesis 2. Specifically, MF 
enhances individuals’ engagement with and acceptance 
of MT, further improving its effectiveness in alleviating 
TA [33–35]. MF guides individuals to focus on the pres-
ent moment, helping them fully experience the relax-
ation brought by the rhythm, melody, and harmony of 
MT, rather than being immersed in worry or anxiety 
about exam outcomes [34]. Moreover, MF can enhance 
the experience of MT, leading to deeper stress relief [27, 
29]. Under the guidance of MF, individuals attention to 
and depth of experience in MT significantly increase, 
enabling them to better utilize MT to cope with the pres-
sure and anxiety caused by exams [29]. This study found 
that MF can effectively reduce adolescent TA by enhanc-
ing the effectiveness of MT. When individuals have a 
higher level of MF, they are more likely to engage deeply 
in the experience of MT, such as noticing subtle changes 
in the music, thereby receiving stronger psychological 
support and relaxation [31]. The positive effects triggered 
by MF enhance the effectiveness of MT and indirectly 
reduce the level of TA. This finding expands the theoreti-
cal perspective of ERT to some extent: MF not only func-
tions as an effective emotion regulation strategy on its 
own, but may also enhance the efficacy of other regula-
tion approaches, such as MT. However, the effectiveness 
of MT may be influenced by factors such as individual 
music preferences, cultural background, and sensitivity 
to musical stimuli—none of which were included in the 
present study. This limitation restricts the generalizability 
of the findings across diverse populations.

The mediating role of SS
SS plays a significant mediating role between MF and TA, 
indicating that MF indirectly alleviates TA by enhancing 
individuals’ sense of SS. This result is consistent with the 
findings of Shabahang et al. [42], supporting Hypoth-
esis 3. Specifically, MF significantly increases individuals’ 
sensitivity to SS, making adolescents more likely to per-
ceive emotional support from peers, family, and teachers, 
thereby effectively reducing TA [43, 45, 46]. MF guides 
adolescents to focus more on current social interactions 
and approach others support with an open and accepting 
attitude, further strengthening the role of SS in test pres-
sure situations [45]. MF helps adolescents actively seek 
and accept emotional support from their surrounding 
environment [46]. This proactive social behavior helps 
them form stronger interpersonal connections and build 
a support network capable of providing emotional buffer-
ing and assistance [43]. This study found that MF enables 
individuals to more sensitively perceive and understand 

others’ supportive intentions, thereby maximizing the 
effectiveness of SS [44]. However, this pathway may be 
influenced by individual personality traits, past inter-
personal experiences, and levels of interpersonal trust—
variables that were not included in the present study. 
Moreover, SST primarily emphasizes the buffering effects 
of perceived support, without fully addressing how MF 
may influence the quality and depth of actually received 
support. Future research could incorporate theories 
of interpersonal relationships or attachment theory to 
explore, from a more complex interactional perspective, 
how MF may reshape individuals’ SS systems.

The chained mediating role of MT and SS in adolescent TA
MT and SS play a chained mediating role between MF 
and adolescent TA, with the effect sizes accounting for 
4.8% of the total effect. This finding is consistent with 
the results of Lin et al. [53]. In other words, the higher 
the level of MF in adolescents, the better the effects of 
MT and the more SS they receive, which in turn further 
reduces the occurrence of TA symptoms. This finding 
further explains the mechanism through which MF influ-
ences adolescent TA. Moreover, MT has a significant 
positive impact on SS [47–49]. By providing emotional 
resonance and opportunities for positive interaction, 
MT enhances individuals’ interpersonal connections and 
willingness to communicate, thus significantly increasing 
their perceived level of SS [47]. MF can indirectly allevi-
ate adolescents’ TA through MT and SS [51–53]. When 
adolescents engage in MT, they not only experience 
emotional relaxation but also receive encouragement 
and support from family and peers, which significantly 
reduces the occurrence of anxiety [52]. In this study, MT 
and SS not only directly affected adolescent TA but also 
mediated the influence of MF on TA. MT, through rich 
emotional expression and social interaction, facilitates 
emotional release and the establishment of social con-
nections, thereby enhancing adolescents’ sensitivity to 
external support and ultimately reducing TA [55].

Grounded in ERT and SST, this study constructed and 
validated a chained mediation model linking MF, MT, 
SS, and TA. It is the first to integrate internal emotional 
regulation mechanisms and external social resources 
within a unified theoretical framework, thereby expand-
ing the multi-level theoretical understanding of how 
mindfulness influences mental health. Furthermore, the 
findings suggest that MF not only operates by regulat-
ing internal psychological states but may also enhance 
individuals’ perception of and responsiveness to external 
interventions and support systems, offering new empiri-
cal support for the integration of ERT and SST. Although 
demographic variables such as gender, grade level, 
and place of residence were statistically controlled, the 
study did not thoroughly examine the influence of other 
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potential confounding variables. For example, partici-
pants’ baseline mental health status, emotional regulation 
capacity, family academic expectations, and perceived 
academic pressure may moderate the effects of MF, MT, 
and SS. These factors were not systematically assessed, 
which may limit the interpretation of the findings. Future 
research is encouraged to incorporate a broader range of 
psychosocial variables and conduct subgroup analyses 
based on individual differences, thereby enhancing the 
precision and generalizability of the proposed model.

Implications
Theoretical implications
First, this study, based on ERT and SST, explored the 
impact of MF on adolescent TA in depth. The model 
revealed the interactions between MF, MT, SS, and TA, 
providing a more systematic theoretical framework for 
research on adolescent TA, addressing the limitation of 
previous studies that focused on single dimensions. Sec-
ondly, this study investigated the mediating roles of MT 
and SS in the relationship between MF and adolescent 
TA, particularly their chained mediating effect between 
MF and TA. By introducing the mediating effects of MT 
and SS, this study further enriches the understanding of 
the mechanisms behind adolescent TA, clarifying the 
indirect effects of MF on TA. This innovation not only 
broadens the perspective of TA research but also pro-
vides a theoretical foundation for future studies exploring 
mediating effects. Finally, the explanatory power of the 
model in this study demonstrating its significant predic-
tive ability for TA, further validating the model’s rationale 
and scientific rigor. It not only proves the effectiveness 
of a multidimensional model but also highlights the 
importance of integrating multiple factors into a single 
model. This model offers a new theoretical perspective 
for research on adolescent TA and contributes to further 
exploring the applicability of MT and SS in other areas 
of mental health, as well as the synergistic effects of mul-
tiple interventions.

Practical implications
The findings of this study provide practical guidance for 
the intervention of adolescent TA. First, schools may 
consider incorporating MF training into regular mental 
health education. Specific strategies could include allo-
cating the first five minutes of class for brief breathing 
awareness exercises or organizing low-cost mindfulness 
meditation sessions using audio recordings during home-
room or physical education classes. Second, MT can be 
promoted by integrating it into daily teaching activities. 
Schools can play soothing background music during 
music classes or self-study periods to create a calm and 
relaxed learning atmosphere. Teachers may also guide 
students to create their own emotion-regulation playlists 

and encourage their use during exam preparation as a 
means to reduce anxiety. In the absence of professional 
music therapists, basic interventions can be imple-
mented by teachers or school counselors using simple 
MT tools or mobile applications. In addition, schools can 
strengthen students’ SS networks by establishing peer 
support groups or “psychological help corners,” foster-
ing a campus environment that emphasizes inclusion and 
understanding. This can encourage students to actively 
seek help and express their emotions when under pres-
sure. Lastly, schools could develop anxiety risk screening 
tools based on the psychological mechanisms proposed 
in this study. These tools could be administered at criti-
cal academic time points (e.g., midterms or final exams) 
to identify high-risk students and provide individualized 
psychological support, such as one-on-one counseling 
or coordinated family-based interventions, to help them 
manage emotional stress and enhance psychological 
resilience. These measures not only help alleviate adoles-
cent TA symptoms but also provide long-term protection 
and support for their psychological health development.

Limitations and future research
Although this study explored the impact of MF, MT, and 
SS on adolescent TA from both theoretical and practical 
perspectives, and validated the rationality of the chained 
mediation model, there are still some limitations. First, 
the study employed a cross-sectional design, which does 
not reveal the causal relationships or dynamic changes 
between the variables. Future research could further 
explore the long-term intervention effects of related vari-
ables through longitudinal studies. Second, this study 
relied primarily on self-report questionnaires for data 
collection, which may be subject to social desirability 
effects and response biases, potentially compromising 
the objectivity and validity of the measurements. Future 
research could incorporate multiple data sources, such as 
teacher evaluations, physiological indicators, or behav-
ioral observations, to enhance the reliability and valid-
ity of the findings. Third, the sample was drawn from a 
single school. Although the sample size met the require-
ments for statistical analysis, the geographic limitation 
may restrict the generalizability of the results. Future 
studies should include more diverse samples from dif-
ferent regions and school types to improve the external 
validity of the findings. In addition, this study lacked 
experimental control and a comparison group, which 
limited the ability to isolate the independent effects of 
each intervention component. For instance, it remains 
unclear whether different forms or intensities of music 
therapy have differential effects on varying levels of test 
anxiety—an issue that warrants further investigation. 
Lastly, the study’s intervention did not fully consider indi-
vidual differences, such as participants’ personality traits, 
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emotion regulation abilities, and other factors that may 
influence the intervention’s effectiveness. Future research 
could adopt a more personalized approach in interven-
tion design, exploring tailored strategies for different 
groups. These future directions will not only help refine 
the theoretical model but also provide scientific evidence 
for developing more targeted intervention programs.

Conclusion
This study, based on ERT and SST, constructs a chained 
mediation model that includes MF, MT, SS, and TA, and 
explores in-depth the mechanisms through which psy-
chological and SS factors influence adolescent TA. The 
results show that MF not only has a direct and significant 
alleviating effect on adolescent TA but also indirectly 
influences TA through the mediating pathways of MT 
and SS. This finding further deepens our understanding 
of the causes and intervention mechanisms of TA, par-
ticularly in terms of how psychological regulation and SS 
work in tandem. The results of this study provide educa-
tors and mental health professionals with new interven-
tion strategies, namely, by cultivating adolescents MF 
skills, incorporating MT, and strengthening SS networks 
to help adolescents effectively cope with exam pressure 
and reduce anxiety levels. This, in turn, can enhance 
their academic performance and overall psychological 
well-being.
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