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Introduction: With the growing number of Chinese postgraduate students, enhancing their creativity has become a pressing issue in Chinese higher education. This meta-analysis aimed to investigate the relationship between supervisor support and postgraduate creativity using a sample of Chinese students and to explore potential moderating variables.

Method: The study incorporated 62 primary studies involving 51,640 Chinese graduate students.

Results: The results revealed that supervisor support was significantly and positively associated with postgraduate creativity. Meta-regression and subgroup analyses showed that while postgraduate students' gender did not moderate this relationship, degree level, academic discipline, and type of higher education institution did. Specifically, supervisor support had a stronger correlation with creativity at the master's level compared to the doctoral level. Similarly, the relationship was stronger in the scientific and technical fields than in the humanities, social sciences, medical sciences, and agriculture. Additionally, supervisor support was more positively correlated with creativity in general universities compared to key universities.

Conclusion: These findings offer valuable insights for further research on the impact of supervisor support on postgraduate creativity.
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1 Introduction

Postgraduate education plays an important role in promoting national innovation and development (Jibao et al., 2015), and enhancing postgraduate creativity is a significant issue in graduate student training (Zhang et al., 2022a). The supervisor responsibility system in Chinese graduate education positions supervisors as key players in cultivating postgraduate creativity (Zhang et al., 2023). The relationship between supervisor support and postgraduate creativity has attracted extensive scholarly attention, leading to numerous empirical studies. For example, Zhang et al. (2022a) argued that supervisors' academic capital can stimulate postgraduate creativity (Zhang et al., 2022a; Han et al., 2022) found that supervisors' personal support and autonomy support help postgraduates overcome obstacles in innovation activitie; Zhang et al. (2022b) suggested that supervisors' autonomy support has a positive impact on postgraduates' innovative behavior. Despite studies showing a significant correlation between supervisor support and postgraduate creativity, there is a lack of meta-analytical reviews in this field. This study aimed to use a meta-analysis to comprehensively report the correlation between supervisor support and postgraduate creativity in China and to explore potential moderators influencing this relationship. While existing research suggests that supervisor support can indirectly influence postgraduate creativity through mediating variables such as personal initiative (Wu et al., 2018), innovation self-efficacy (Zhang B-.S. et al., 2021), and learning commitment (Zhang et al., 2023), this study focused exclusively on its direct effects to ensure a manageable scope of literature. Additionally, only four moderating variables were considered: gender, degree, discipline, and type of higher education institution.


1.1 Supervisor support

It is widely recognized that postgraduate students face various difficulties during their research training. As the primary source of guidance and support for postgraduates, supervisors need to provide different types of support to help students overcome potential difficulties and obstacles (Han et al., 2022). Therefore, supervisor support refers to a series of supportive behaviors demonstrated by supervisors during the process of guiding postgraduate students (Zhang et al., 2022b). In early studies, researchers discovered that supervisors' academic support and personal support are essential for enhancing postgraduate students' creativity (Ballard and Clanchy, 1993). Academic support refers to the assistance provided by supervisors to postgraduates in relation to their research tasks. This includes helping postgraduates establish clear goals and expectations, assisting them in planning and conducting academic activities, and providing practical resources and support for their research tasks (Overall et al., 2011). Personal support, on the other hand, involves supervisors helping postgraduates overcome research obstacles and alleviate personal stress through respect and confidence-building (Overall et al., 2011). However, the inherently challenging nature of research innovation has led some scholars to gradually realize that postgraduates not only need supervisors to impart skills but also need to become autonomous researchers with sustained motivation (Manathunga and Goozée, 2007). Therefore, while providing academic and personal support, supervisors should also balance guidance with students' autonomy (Manathunga and Goozée, 2007), meaning that autonomy support is also an important dimension of supervisor support (Overall et al., 2011). Specifically, autonomy support involves supervisors acknowledging students' viewpoints, encouraging them to express their ideas openly, and providing opportunities for students to make their own decisions (Overall et al., 2011). In summary, this study uses academic support, personal support, and autonomy support as specific indicators of supervisor support, and conducts literature retrieval and selection based on these criteria.



1.2 Postgraduate creativity

The strong correlation between scientific research and innovation positions postgraduates as a crucial link between technological advancement and scientific progress (Xu et al., 2023). Postgraduate creativity has become a key indicator for assessing the effectiveness of postgraduate training (Chen and Li, 2018). However, measuring postgraduate creativity remains a challenge. Some scholars have used established creativity scales, such as those developed by Scott and Bruce (1994), Zhang et al. (2022b), Zhou and George (2001), Xu (2022), Robnett and Chemers (2015), and Yao and Yu (2019). Others have designed their own scales tailored to specific research objectives (Shu, 2017). Despite variations in measurement tools, the Componential Theory of Creativity suggests that creativity results from the interaction of three fundamental factors: domain-relevant skills, creativity-relevant skills, and intrinsic motivation (Amabile and Pratt, 2016). The measurement indicators of postgraduate creativity in current research can be summarized into three aspects: Academic ability, which measures postgraduate students' professional knowledge and skills (Zhao, 2023); Creative results (Wu and Luo, 2020) or creative performance (Wang and Cai, 2022), which reflect postgraduate students' ability to explore new paths and solve complex problems in novel ways; Creative awareness, which assesses the intrinsic innovative drive of postgraduate students (Yang, 2024). Therefore, this study uses academic ability, creative awareness, creative results, and creative performance as specific indicators of postgraduate creativity, and bases the literature search and screening on these criteria.



1.3 The relationship between supervisor support and postgraduate creativity

The relationship between supervisors and postgraduates is more closely aligned than the conventional teacher-student dynamic (Zhang et al., 2022a). Supervisor support has been shown to positively influence postgraduate creativity (Wang et al., 2013). As primary academic mentors, supervisors provide direct support for postgraduate innovation by offering academic resources, enhancing research skills, and assisting with planning and design (Han et al., 2022). Second, personal support from supervisors can help alleviate postgraduates' stress. When postgraduates receive care, understanding, encouragement, and appreciation from their supervisors, they enhance their psychological capital, including self-efficacy, adaptability, and resilience. This leads to increased interest in research activities, a strong commitment to goals, and the ability to respond effectively to challenges, resulting in positive behaviors and outcomes (Ahmed et al., 2017). Third, autonomy support emphasized student contentment. When supervisors grant full research autonomy and trust in the research process and encourage students to take initiative in solving problems, postgraduates' independent thinking, motivation to innovate, and research output are significantly enhanced (Xu, 2022). However, despite existing empirical studies verifying the correlation between supervisor support and postgraduate creativity, some studies suffer from low quality because of sampling methods, sample size validity, and measurement instrument reliability. This has resulted in unclear conclusions regarding the extent of the correlation between supervisor support behaviors and postgraduate creativity. Therefore, there is a need to integrate the current research findings at the macro level to further clarify the link between supervisor support and postgraduate creativity.



1.4 Potential moderating variables of supervisor support and postgraduate creativity
 
1.4.1 Gender

Socially ingrained gender norms and implicit gender discrimination within academic institutions can diminish female postgraduates' motivation to engage in innovative activities (Mota et al., 2012). Additionally, women are more likely to experience pressure, anxiety, and apprehension in their research (Conrad, 2017) and are more susceptible to academic procrastination due to fear of failure (Ghosh and Roy, 2017). However, when female postgraduates perceive their supervisors as caring, supportive, and helpful, they are more likely to communicate openly and honestly while seeking guidance and assistance (Conrad, 2017). Thus, supervisor support plays a crucial role in alleviating these negative perceptions among female postgraduate students (Lei et al., 2018). This positive interaction helps alleviate the negative impact of emotions. Accordingly, this study hypothesizes that postgraduate gender moderates the correlation between supervisor support and creativity.



1.4.2 Degree

Master's and Ph.D. degrees represent distinct stages of graduate education, each with specific objectives. Generally, a master's degree serves as the foundational phase of academic training (Ouyang and Hu, 2020). As novices, master's students often struggle to engage in independent innovative activities due to limited academic literacy and insufficient mastery of professional knowledge and skills (Wu et al., 2014). Consequently, they rely more on supervisory guidance and support. In contrast, doctoral students require not only advanced professional knowledge and skills but also academic passion, intellectual curiosity, and the resilience to overcome challenges, which are primarily internally driven (Huang and Jin, 2016). Through continuous research, critique, and reflection, they contribute uniquely to the body of knowledge (Qin et al., 2022). This process heightens the need for supervisory support to foster autonomy in innovation (Overall et al., 2011). Accordingly, this study hypothesizes that degree type moderates the relationship between academic, personal, and autonomy support and postgraduate creativity.



1.4.3 Discipline

Numerous studies have investigated the impact of disciplinary attributes on the relationship between supervisor support and postgraduate creativity. For example, Brodin (2018) examined factors influencing Ph.D. students' creativity in Switzerland and found that, in education and philosophy, postgraduate creativity was shaped by supervisors' authority, whereas students in music performance experienced relatively less supervisory control. Zheng et al. (2022) argued that, compared to the humanities and social sciences, academic support from supervisors in STEM fields has a stronger influence on postgraduate students' innovative abilities. Similarly, Pan and Gu (2022) found that, compared to medical fields, postgraduate creativity in natural sciences and engineering is more significantly affected by supervisor support. Li M-.L. et al. (2022) analyzed the academic development of engineering doctoral students and concluded that supervisor guidance plays a crucial role in enhancing their academic abilities. Accordingly, this study hypothesized that discipline moderates the relationship between supervisory support and postgraduate creativity.



1.4.4 Type of higher education institution

Higher education institutions play a vital role in postgraduate education, and institutional differences can influence the relationship between supervisor support and postgraduate creativity (Shen, 2022). Higher-ranked universities typically possess greater resources, offering advanced research platforms, extensive academic support, and a stimulating intellectual environment, all of which enhance postgraduate students' innovative capabilities (Liu Y-.Y., 2022). These institutions also attract high-achieving students with strong professional foundations, higher personal initiative, greater learning commitment, and enhanced self-efficacy compared to those at lower-ranked universities (Peng and Hu, 2021). As a result, students at top-tier universities are more likely to engage proactively in innovative activities (Yin and Gao, 2014). Based on these considerations, this study hypothesizes that the type of higher education institution moderates the relationship between supervisory support and postgraduate creativity.

By reviewing previous literature on supervisor support and postgraduate creativity, we identified gender, degree, discipline, and type of higher education institution as potential moderating factors in this relationship. Therefore, in addition to conducting a meta-analysis to confirm the relationship between supervisor support and postgraduate creativity, this study will examine whether these variables serve as moderators.





2 Methods


2.1 Literature search and exclusion criteria

This study aimed to cover all relevant studies to date. First, an extensive search was conducted using keywords such as academic support, personal support, autonomy support, supervisor support, creativity, creative competence, creative behaviors, creative performance, academic results, creative thinking, and creative results. China and Chinese were searched across databases, including CNKI, Wanfang, Wipro, Web of Science, Scopus, ProQuest, ScienceDirect, and EBSCO. Second, literature tracking was performed by examining references in the acquired literature to supplement and enhance data comprehensiveness. Third, the literature was selected according to the following criteria: (a) the study must be a quantitative empirical study; (b) the subjects must be Chinese graduate students; (c) the paper must be written in Chinese or English; (d) the study must explore the relationship between at least one dimension of supervisor support—academic support, personal support, or autonomy support—and postgraduate creativity; (e) the paper must provide complete data, such as sample size, mean, standard deviation, p-value, Pearson's correlation coefficient, or any statistic that can be converted into a correlation coefficient (Wu and Fu, 2024); and (f) for duplicate publications, only the one with the most comprehensive reporting was selected (Jin et al., 2023). We screened the literature using the PRISMA for Systematic Reviews and Meta-Analyses (Page et al., 2021) (Figure 1).
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FIGURE 1
 PRISMA flow diagram of data collection.




2.2 Literature quality assessment and coding

Literature is the primary source of meta-analyses; however, researchers may have varying perceptions of quality (Boyle, 1998). The inclusion of inaccurate literature can result in misleading meta-analysis outcomes (Orwin and Vevea, 2019). Therefore, this study utilized the Literature Quality Assessment Scale developed by Zhang et al. (2019) to systematically evaluate the sample representation, measurement tools, and result analyses. Two raters assessed the literature based on the following criteria: (a) sampling method (2 points for random sampling, 1 point for non-random sampling, 0 points for failure to report); (b) sample effectiveness rate (2 points for a rate of 90% and above, 1 point for a rate between 80% and 90%, and 0 points for a rate below 80% or not reported); (c) reliability of the measurement instrument (2 points for reliability of 0.8 and above, 1 point for reliability between 0.7 and 0.8, and 0 points for reliability below 0.7 or not reported); (d) publication level (2 points for SSCI and CSSCI journals, 0 points for general journals, dissertations, and conference papers) (Wu et al., 2024). A concordance Kappa value of 0.613 was calculated for both raters, indicating a good level of agreement (Zhang et al., 2019).

Basic information about the included literature was coded (Table 1), and effect sizes were coded in more detail as follows: (a) if a study had multiple independent samples, the effect size for each independent sample was coded separately; (b) the correlations between different indicators of supervisor support and postgraduate creativity were coded separately; and (c) if a study reported multiple correlations between supervisor support and postgraduate creativity, the mean values were used. The literature coding was conducted independently by two researchers. For data with inconsistent coding results, discussions were held to verify and correct the data accuracy.


TABLE 1 Literature coding information.

[image: Table 1]



2.3 Data analysis

This study utilized a comprehensive meta-analysis software CMA 3.0 for data analysis. The Pearson correlation coefficient r, commonly employed in meta-analyses in management and education, was used as the effect size (Zhang et al., 2024). Regression analysis β-values reported in the original literature were converted to r using the formulas r = β × 0.98 + 0.05 for (β ≥ 0) and r = β × 0.98 (β < 0) (Peterson and Brown, 2005). Given that random effects models allow for broader generalizations (Borenstein et al., 2021), a random utility model was employed for data analysis. Heterogeneity, reflecting the variation in effect sizes between populations, was assessed using Q, I2, and T2 statistics (Michael, 2019). Significant Q values (p < 0.05) indicated heterogeneity of effect sizes, I2 values > 75% suggested high heterogeneity, and T2 provided an estimate of the variance of true effect sizes (Borenstein et al., 2010). Publication bias, that is, selective publication by researchers, was assessed using the fail-safe number (Nfs) and Egger's test. Nfs values >5k + 10 (where k is the number of effects) indicated controlled publication bias (Rothstein et al., 2005), whereas significant Egger's test results (p < 0.05) suggested publication bias (Egger et al., 1997). Based on the observed heterogeneity, subgroup and meta-regression analyses were conducted to explore potential moderating variables.




3 Results

This meta-analysis included 62 documents: 32 journal articles, 29 dissertations, and one conference paper. These documents contained 111 effect sizes and data points from 51,640 graduate students.


3.1 Heterogeneity test and publication bias

As shown in Table 2, the Q values for supervisor support and its subtypes, as well as postgraduate creativity, were all significant at the 0.001 level, indicating heterogeneity in effect sizes. Additionally, the I2 values were all >75%, indicating a high degree of heterogeneity across studies. This suggests the presence of potential moderating variables between supervisory support and postgraduate creativity. To test whether the results were biased due to effect sizes from different sources, this study first used the fail-safe number (Nfs). The Nfs values for CS, PS, AS, and SS were 6,113, 2,979, 6,229, and 18,628, respectively, all exceeding their critical values of 115, 120, 135, and 225 (5k + 10), indicating that publication bias was effectively controlled. On this basis, we further used conducted Egger's t-test. The results were 1.02 (p > 0.05), 0.89 (p > 0.05), 1.21 (p > 0.05), and 0.93 (p > 0.05), indicating no statistically significant bias. Therefore, the publication bias in this meta-analysis was negligible.


TABLE 2 Random effects model of supervisor support and postgraduate creativity.
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3.2 Main effects test

To examine the relationship between supervisor support and postgraduate creativity, we calculated the correlation coefficient (r) between the two. According to Gignac and Szodorai's (2016) classification of correlation coefficients (low: r = 0.10; medium: r = 0.30; high: r = 0.50), academic support (r = 0.466), personal support (r = 0.432), autonomy support (r = 0.426), and supervisor support (r = 0.474) significantly contributed to graduate student creativity, showing positive correlations with medium to high strength.



3.3 Moderating effects test

This study examines the moderating effects of four variables: gender, degree, discipline, and type of higher education institution. gender, treated as a continuous variable (Wu and Fu, 2024), was analyzed using meta-regression, whereas other categorical variables were analyzed using subgroup analyses. The results of the meta-regression analyses indicated that the moderating effect of gender on academic support (Beta = −0.062, p = 0.665), personal support (Beta = −0.116, p = 0.301), autonomy support (Beta = −0.003, p = 0.974), and supervisor support (Beta = 0.060, p = 0.525) was not significant (p > 0.05). This finding suggests that gender does not moderate the relationship between supervisor support and postgraduate creativity. The results of the subgroup analyses revealed the following: First, degree significantly influenced academic support (QB = 6.381, p = 0.012), personal support (QB = 11.191, p = 0.001), and autonomy support (QB = 5.990, p = 0.014). Academic support, personal support, and autonomy support were all more strongly correlated with the creativity of master's students than with doctoral students (Table 3). Supervisor support was most strongly associated with postgraduate creativity in science and technology (r = 0.826, p < 0.001), followed by humanities and social sciences, and medicine. Agricultural students showed the weakest correlation between creativity and supervisory support (r = 0.434, p < 0.001). Third, type of higher education institution significantly affected the relationship between supervisor support and postgraduate creativity (QB = 14.842, p < 0.01). Postgraduate creativity in general universities was most influenced by supervisor support (r = 0.540, p < 0.001) (Table 4).


TABLE 3 Results of a meta-analysis of the moderating effect of degree type.
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TABLE 4 Results of a meta-analysis of the moderating effect of discipline and HEI type.
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4 Discussion and conclusion

This study employed a meta-analysis to synthesize the results of 62 empirical studies involving Chinese graduate students. The findings indicate that (1) supervisor support and its sub-types—academic support, personal support, and autonomy support—are significantly and positively associated with postgraduate creativity. (2) The relationship between academic support, personal support, autonomy support, and postgraduate creativity was moderated by degree level, with supervisor support behaviors showing a stronger correlation with creativity at the master's level than at the doctoral level. (3) Discipline and type of higher education institution also influence the relationship between supervisor support and postgraduate creativity, while the moderating effect of gender was not significant. Building on the aforementioned conclusions, this study offers targeted recommendations to foster creativity among postgraduate students.


4.1 The significant correlation between supervisor support and postgraduate creativity

A significant positive correlation exists between supervisor support, its subtypes, and postgraduate creativity, aligning with the findings of Wang et al. (2013), Wu et al. (2014), Han et al. (2022), and Xu (2022). From an organizational behavioral perspective, supervisors play a crucial role in graduate students' creativity by affecting individual factors (Meng and Zhao, 2018). As the number of postgraduate students in China exceeds the number of supervisors, the current system relies predominantly on a single supervisor model (Jibao et al., 2015). Consequently, the development of postgraduate creativity depends heavily on supervisors (Peng, 2019), underscoring the medium to high strength of the positive correlation between supervisor support and postgraduate creativity. Specifically, in terms of academic support, supervisors' academic capital—such as their reputation, social resources, published research, teaching experience, and academic networks—provides postgraduate students with increased opportunities to engage in innovative activities, enhance their practical and problem-solving skills, and enrich their personal growth (Zhang et al., 2022a). Supervisors who offer emotional support and maintain friendly attitudes are more likely to foster free and open research environments (Wang et al., 2013). This environment not only stimulates postgraduate students' enthusiasm for engaging in innovative activities (Ruzek et al., 2016), but also encourages them to face difficulties and challenges with greater resilience (Han et al., 2022). Regarding autonomy support, supervisors who demonstrate appropriate interest and respect can satisfy students' basic psychological needs and elicit positive emotions in postgraduates by fostering a free and open cognitive environment (Guo et al., 2018). When postgraduates perceive autonomy support from their supervisors, they are more inclined to proactively communicate their innovative ideas and challenges, which further enhances their autonomy in the collection, generation, and implementation of innovative ideas (Zhang et al., 2022b).



4.2 Gender has no moderating effect

Although some studies suggest that women, being generally more sensitive to interpersonal relationships, may be deterred from engaging in innovative activities with a positive mindset if they perceive neglect or rejection from their supervisors (Fan and Jiang, 2025), when women perceive supervisor support, they are more likely to actively engage in and advance their research (Conrad, 2017). Moreover, gender stereotypes often label female postgraduates as “sensitive” or “fragile,” prompting supervisors to exercise greater caution in guiding them. This dynamic can create communication barriers that hinder the quality of guidance (Sun and Zhang, 2020). However, the findings of this study indicate that gender does not significantly moderate the relationship between supervisor support and postgraduate creativity. This may be explained in two ways. First, gender differences may not be substantial enough to influence perceptions of supervisor support among graduate students. The relationship between Chinese supervisors and graduate students is primarily hierarchical and characterized by supervisory authority rather than clear employment or collaborative dynamics (Zhang et al., 2022a). In this context, a high level of supervisory support may mitigate the effect of gender differences on graduate students' perceptions (Platow, 2012). Second, the studies included in the meta-analysis may have had a relatively balanced distribution of male and female participants, which could have obscured any potential sex effects and prevented them from reaching statistical significance.



4.3 Degree, discipline, and type of higher education institution have a moderating effect

First, the moderating effect of the degree on the relationship between academic support, personal support, autonomy support, and postgraduate creativity was significant. The correlation was notably higher at the master's level than at the doctoral level, indicating that master's degree students are more reliant on their supervisors' supportive behaviors. This finding aligns with that of Ouyang and Hu (2020). China's doctoral training system primarily selects candidates based on their research output (Zhang, 2024). Doctoral students are required to publish a specified number of academic works to demonstrate their academic competence, which places them under significant pressure. Consequently, they must enhance their personal initiative to improve self-management (Flynn et al., 2012) and drive their academic development through academic expectations, self-regulation, and intrinsic motivation (Gardner, 2010). Conversely, master's students, who often have less developed research skills, lower research interest, higher employment pressures, and shorter training periods (Peng and Hu, 2021), require more comprehensive guidance and support from supervisors to effectively commit to their research and enhance their academic performance (Zhang X. et al., 2021).

Second, the moderating effect of discipline on the relationship between supervisor support and postgraduate creativity was significant, aligning with the findings of Zheng et al. (2022) and Pan and Gu (2022). Specifically, the strongest correlation between supervisor support and postgraduate creativity was observed in the fields of science and engineering. As “hard applied disciplines,” these fields require postgraduates to engage in and complete major research projects to produce scientific output. Moreover, they demand substantial academic resources to overcome challenges in scientific research (Gu and Lin, 2011). Additionally, a supervisor's theoretical knowledge, research experience, and understanding of disciplinary frontiers are essential for postgraduates to achieve innovative research outcomes (Min and Li, 2018). In contrast, research in the humanities and social sciences often involves philosophical discourse and communicative insights (Zheng et al., 2022). As a result, interactions between supervisors and postgraduates serve as the primary means of guiding students' cognitive development, encouraging academic exploration, and stimulating creative enthusiasm (Qin and Li, 2023). In these fields, the development of postgraduate creativity relies more heavily on the time spent with supervisors. The correlation between supervisor support and postgraduate creativity in the medical field is relatively weak. One possible explanation is that medical supervisors often fulfill dual roles as both educators and clinical practitioners, limiting their time and energy and leading them to prioritize solving experimental and clinical practice issues over fostering postgraduate creativity (Pan and Gu, 2022). Additionally, postgraduate students undergoing hospital-based standardized training receive limited guidance from their supervisors (Cai and Chen, 2024). In agricultural studies, postgraduate training in China primarily adheres to the traditional “master-apprentice” model (Qi et al., 2019). However, the significant imbalance in the supervisor-to-student ratio, driven by the expansion of higher education enrollment, has made it challenging for postgraduate students to receive adequate supervision (Zhang et al., 2011).

Third, the type of higher education institution significantly moderates the relationship between supervisor support and postgraduate creativity. The correlation between supervisor support and postgraduate creativity is stronger in general universities than in key construction universities. For decades, China's higher education system has followed an uneven development policy (Liu, 2024), prioritizing universities under the 211 and 985 Projects and, more recently, the “Double First-Class” initiative in resource allocation. This has resulted in a binary structure within China's higher education system, distinguishing key construction universities from general universities (Liu, 2025). High-quality resources are disproportionately allocated to key construction universities, enabling graduate students in these institutions to enhance their knowledge acquisition and research skills not only through their supervisors but also through a comprehensive curriculum and extensive platform resources (Liu and Wang, 2020). Moreover, key construction universities, given their responsibility for national key projects and cutting-edge scientific research, place strong emphasis on selecting top students during the admissions process (Ye et al., 2024). The higher qualifications of students suggest that graduate students at key construction universities generally possess a strong professional foundation, clearer goals, greater research potential, and a heightened sense of personal initiative and self-efficacy (Cai et al., 2023). Consequently, compared to their counterparts at general universities, who rely more on supervisor support and oversight, graduate students at key construction universities are more likely to take an active role in advancing scientific research and innovation.



4.4 Recommendations for strengthening supervisor support to enhance postgraduate creativity

Postgraduate creativity refers to graduate students' willingness to seek knowledge and explore new ideas, as well as their ability to generate innovative concepts, apply novel methods, create original work, and solve complex problems by integrating knowledge and experience (Wang et al., 2022). Essentially, fostering postgraduate creativity involves guiding students in critical thinking (Bosch, 2018), enabling them to identify, analyze, and resolve problems creatively. A meta-analysis of 51,640 Chinese graduate students found that academic, personal, and autonomy support from supervisors positively influence postgraduate creativity. Additionally, degree level, discipline, and the type of higher education institution moderate the relationship between supervisor support and postgraduate creativity. Based on these findings, supervisors can enhance their guidance in the following areas. First, supervisors should offer sufficient resources to support postgraduate research and innovation, including research experience, financial assistance, and social networks (Zhao and Jiang, 2020). This enables students to access academic resources, receive guidance from experts, and participate in academic seminars (Zhang et al., 2022a), facilitating the smooth progression of innovation activities while expanding their research horizons. Second, according to social influence theory, when the mentee perceives the mentor's trust, the mentor-mentee relationship tends to develop in a positive direction (He and Zhu, 2023). Therefore, from an individual support perspective, supervisors should focus on providing psychological support to reduce students' mental pressure and burdens during the innovation process (Wang et al., 2013), encouraging them to face challenges and failures in research and innovation. Third, the postgraduate stage is a critical transition from student to scholar (He and Zhu, 2023), with independent research and innovation serving as key indicators of this progression. Therefore, supervisors should adopt an egalitarian and democratic approach in academic exchanges to enhance their guidance (Zhao and Jiang, 2020), fostering independent exploration and critical thinking among students. Fourth, variations in the training objectives of master's and doctoral programs, disciplinary characteristics, and institutional types necessitate differentiated supervisory strategies tailored to the training stage, discipline, and institutional context (Huang, 2014) to optimize mentoring outcomes. In other words, supervisors should adjust the level of academic, personal, and autonomy support based on specific circumstances.




Author contributions

QC: Data curation, Methodology, Resources, Software, Writing – original draft. HH: Data curation, Formal analysis, Methodology, Resources, Software, Writing – original draft, Writing – review & editing. DH: Conceptualization, Funding acquisition, Methodology, Validation, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. The authors declare that the research, writing, and publication of this article was supported by a grant from the Tianjin Municipal Education Commission (2024JWZD01), China.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Ahmed, U., Umrani, W. A., Pahi, M. H., and Shah, S. M. M. (2017). Engaging PhD students: investigating the role of supervisor support and psychological capital in a mediated model. Iran. J. Manage. Stud. 10, 283–306.

 Amabile, T. M., and Pratt, M. G. (2016). The dynamic componential model of creativity and innovation in organizations: Making progress, making meaning. Res. Organ. Behav., 36, 157–183. doi: 10.1016/j.riob.2016.10.001

 Ballard, B., and Clanchy, J. (1993). “Supervising students from overseas,” in Quality in Ph.D. Education, ed. D. J. Cullen (Canberra, ACT: Australian National University), 61–73.

 Borenstein, M., Hedges, L. V., Higgins, J. P., and Rothstein, H. R. (2010). A basic introduction to fixed-effect and random-effects models for meta-analysis. Res. Synth. Meth. 1, 97–111. doi: 10.1002/jrsm.12

 Borenstein, M., Hedges, L. V., Higgins, J. P., and Rothstein, H. R. (2021). Introduction to meta-analysis. Hoboken: John Wiley and Sons. p. 84. doi: 10.1002/9781119558378

 Bosch, G. (2018). Train PhD students to be thinkers not just specialists. Nature. 554:277. doi: 10.1038/d41586-018-01853-1

 Boyle, M. H. (1998). Guidelines for evaluating prevalence studies. BMJ Ment Health. 1, 37–39. doi: 10.1136/ebmh.1.2.37

 Brodin, E. M. (2018). The stifling silence around scholarly creativity in doctoral education: experiences of students and supervisors in four disciplines. Higher Educ. 75, 655–673. doi: 10.1007/s10734-017-0168-3

 Cai, B., and Chen, X. (2024). Research on the group-based mentorship training model for clinical medicine master's degree students. Chin. J. Med. Guide. 21, 86–89. doi: 10.20047/j.issn1673-7210.2024.24.17

 Cai, J-.S., Liu, J-.X., and Ma, Q. (2023). Research on the enrollment quality and cultivation optimization of part-time MPA postgraduates under the perspective of student source structure based on the analysis of enrollment data of “Double First-Class” university in recent five years. Acad. Degrees Grad. Educ. 6, 42–48. doi: 10.16750/j.adge.2023.06.007

 Chen, D-.Y., Xu, T-.T., and Xu, J,-B. (2023). Research on the relationship between innovation ability and supervisors' style of medical postgraduate students. J. Fujian Med. Univ. (Soc. Sci. Ed.). 1, 56–59. doi: 10.3969/j.issn.1009-4784.2023.1.fjykdxxb-shkx202301013

 Chen, W-.M., and Li, Y-.Q. (2018). Influence of improper supervision on scientific research innovation performance of postgraduates from the perspective of supervisor postgraduate relationship. J. Grad. Educ. 5, 29–36.

 Conrad, L. (2017). “Gender and postgraduate supervision,” in Quality in Postgraduate Education. (Milton Park: Routledge), 51–58.

 Du, Q. (2019). Autonomous adjustment function: supervisors' guidance and development of doctoral students' academic attainment. J. Grad. Educ. 3, 36–43. doi: 10.3969/j.issn.2095-1663.2019.03.007

 Duan, T-.S. (2019). The influence of tutor's guidance style on the creativity of postgraduates in physical education (master's thesis). Zhengzhou, Henan: Henan University

 Egger, M., Smith, G. D., Schneider, M., and Minder, C. (1997). Bias in meta-analysis detected by a simple, graphical test. BMJ. 315, 629–634. doi: 10.1136/bmj.315.7109.629

 Fan, H., and Jiang, N. (2025). What influences their academic interests? An in-depth interview study with eight female master's students. J. Shenzhen Polytech. 24, 27–34. doi: 10.13899/j.cnki.szpuxb.2025.01.004

 Feng, X-.Y., Wang, Y-.J., and Liu, J. (2020). Research on the influence of supervision style on the innovation ability of doctoral students in science and engineering: the mediating role of the mentor-mentee relationship. Sci. Technol. Dev. 18, 252–260. doi: 10.11842/chips.20210504003

 Flynn, S. V., Chasek, C. L., and Harper, I. F. (2012). A Qualitative Inquiry of the Counseling Dissertation Process. Couns. Educ. Supervis. 51, 242–255. doi: 10.1002/j.1556-6978.2012.00018.x

 Gardner, S. K. (2010). Contrasting the socialization experiences of doctoral students in high-and low-completing departments: a qualitative analysis of disciplinary contexts at one institution. J. High. Educ. 81, 61–81. doi: 10.1080/00221546.2010.11778970

 Ghosh, R., and Roy, S. (2017). Relating multidimensional perfectionism and academic procrastination among Indian university students Is there any gender divide? Gender Manag. 32, 518–534. doi: 10.1108/GM-01-2017-0011

 Gignac, G. E., and Szodorai, E. T. (2016). Effect size guidelines for individual differences researchers. Pers. Indiv. Diff. 102, 74–78. doi: 10.1016/j.paid.2016.06.069

 Gu, J., and Lin, Y. (2011). Research performance management of doctoral students based on different disciplines. Sci. Res. Manage. 32, 115–122. doi: 10.19571/j.cnki.1000-2995.2011.11.016

 Guo, D., Li, W., and Wu, Y. (2018). A study on the impact of master support on apprentice training quality in modern apprenticeship systems: focusing on the effect of perceived master autonomy support on apprentice creativity. Vocation. Tech. Educ. 39, 27–33.

 Han, J., Liu, N., and Wang, F. (2022). Graduate students' perceived supervisor support and innovative behavior in research: the mediation effect of creative self-efficacy. Front. Psychol. 13, 875266. doi: 10.3389/fpsyg.2022.875266

 He, F., and Zhu, Z-.Y. (2023). On the influence of supervisors' support on doctoral students' academic competence. J. Graduate Educ. 1, 11–20. doi: 10.19834/j.cnki.yjsjy2011.2023.01.02

 Hu, B-.L. (2017). The influence of mentor and peer support on postgraduates' creativity: the mediating effect of positive emotion. Heilongjiang Res. High. Educ. 9, 117–120.

 Huang, H., and Jin, Y. (2016). An empirical study on the motivations for Ph.D. enrollment in China: With a discussion on the significance of academic motivation for doctoral training quality. Fudan Educ. Forum 5, 59–66. doi: 10.13397/j.cnki.fef.2016.05.010

 Huang, L. (2014). A discussion on the relationship between guiding graduate students and research. Degree Graduate Educ. 10, 1–4. doi: 10.16750/j.adge.2014.10.005

 Jiang, Q., Xu, J-.B., Lie, Q.-L., Xu, T.-T., and Lin, X.-H. (2021). The relationship between medical graduate students' creativity, intrinsic motivation and the tutors; transformational leadership. China Higher Medical Education. 7, 138–140. doi: 10.3969/j.issn.1002.-1701.2021.07.072

 Jibao, G., Changqing, H., and Hefu, L. (2015). Supervisory styles and graduate student creativity: the mediating roles of creative self-efficacy and intrinsic motivation. Stud. High. Educ. 42, 1–22. doi: 10.1080/03075079.2015.1072149

 Jin, J-.J., Shao, L., Huang, X-.X., Zhang, Y-.L., and Yu, G-.L. (2023). The relationship between social exclusion and aggression: a meta-analysis. Acta Psychologica Sinica. 12, 1979–1996. doi: 10.3724/SP.J.1041.2023.01979

 Lei, H., Cui, Y., and Chiu, M-.M. (2018). The relationship between teacher support and students' academic emotions: a meta-analysis. Front. Psychol. 8, 2288. doi: 10.3389/fpsyg.2017.02288

 Li, F-.L., and Shu, Y-.B. (2020). The supervisor's guidance, academic enthusiasm and investment of the doctoral students. Jiangsu High. Educ. 7, 24–30. doi: 10.13236/j.cnki.jshe.2020.07.004

 Li, H-.J., Wu, Z-.M., Huang, J-.C., and Zhang, L. (2021). Influences of supportive mentors' guidance styles on postgraduates' innovative competence in agricultural universities: the chain intermediating roles of knowledge sharing and innovative personalities. Biol. Disast. Sci. 44, 488–496. doi: 10.3969/j.issn.2095-3704.2021.04.81

 Li, M-.L., Wang, J., Wang, R., and Zhou, W-.H. (2022). How does the involvement of engineering doctoral students in research projects enhance academic ability? —The moderating effects of mentorship and course learning. Graduate Educ. Res. 6, 31–42. doi: 10.19834/j.cnki.yjsjy2011.2022.06.05

 Li, Q-.R. (2023). Research on stimulating and cultivating academic interest of academic postgraduates (master's thesis). Nanchang, Jiangxi: Nanchang University.

 Li, W. (2015). A study about influence factors on research outputs of science and engineering doctoral students: an empirical analysis based on Nanjing University (master's thesis). Nanjing, Jiangsu: Nanjing University.

 Liu, K-.Y. (2024). The generative logic, practical dilemmas, and normative approaches of the classification development of universities in China. Jiangsu High. Educ. 10, 67–71. doi: 10.13236/j.cnki.jshe.2024.10.009

 Liu, M-.J. (2021). The effect of supervisory style on research performance of academic master's degree students (master's thesis). Tsingtao, Shandong: Tsingtao University.

 Liu, Y-.F., and Yao, Z-.Y. (2010). The effect of supervisors' supportive behaviors on postgraduate students' creativity: using trust as an intervening variable. J. Intell. 29, 6–9. doi: 10.3969/j.issn.1002-1965.2010.z1.003

 Liu, Y-.Y. (2022). A study on the influence of tutor guidance on the scientific research innovation ability of academic postgraduates (master's thesis). Taiyuan, Shanxi: Shanxi University of Finance and Economics.

 Liu, Z-.T. (2025). Dual structure and identity markers: The dilemmas and solutions for the classification development of universities. Jiangsu High. Educ. 1, 5–10. doi: 10.13236/j.cnki.jshe.2025.01.002

 Liu, Z-.T., and Wang, Y-.S. (2020). Research on the high-quality development path of graduate education under the background of “Double First-class” construction. Higher Educ. Explor. 10, 35–41.

 Lv, H. (2023a). The Relationship Between Supervisory Support and Innovation of Postgraduate Students in Physical Education: A Chain Mediation Model [The 13th National Congress of Sport Science]. Tianjin, China: China Sport Science Society.

 Lv, H-.Y. (2023b). Research on the impact of the mentor support on the academic aspiration of academic master students: mediated by the sense of efficacy of scientific research (master's thesis). Changchun, Jilin: Jilin University.

 Manathunga, C., and Goozée, J. (2007). Challenging the dual assumption of the ‘always/already' autonomous student and effffective supervisor. Teach. High. Educ. 12, 309–322. doi: 10.1080/13562510701278658

 Meng, Y., and Zhao, C. (2018). Academic supervisor leadership and its influencing mechanism on postgraduate creativity in China. Think. Skills Creat. 29, 32–44. doi: 10.1016/j.tsc.2018.05.006

 Michael, B. (2019). “Heterogeneity in Meta-Analysis”. in The Handbook of Research Synthesis and Meta-Analysis, ed. H. Cooper., L. Hedges., and J. Valentine (New York: Russell Sage), 453.

 Min, W., and Li, Y. (2018). Is a “good scholar” a “good mentor”?—The impact of a mentor's academic identity on the guidance effectiveness of doctoral students in science and engineering. Degree Graduate Educ. 8, 25–32. doi: 10.16750/j.adge.2018.08.005

 Mo, J., Zhao, C., Liang, J., Li, L., Cheng, F., Xie, H., et al. (2024). The impact of supervisor support on the clinical research capabilities of traditional Chinese medicine professional master's students. Educ. Chin. Med. 43, 13–20. Available at: https://link.cnki.net/urlid/11.1349.R.20240403.1157.010

 Mota, N. P., Medved, M., Wang, J., Asmundson, G. J., Whitney, D., Sareen, J., et al. (2012). Stress and mental disorders in female military personnel: comparisons between the sexes in a male dominated profession. J. Psychiatr. Res. 46, 159–167. doi: 10.1016/j.jpsychires.2011.09.014

 Orwin, R. G., and Vevea, J. L. (2019). “Evaluating coding decisions,” in The Handbook of Research Synthesis and Meta-Analysis, ed. H. Cooper., L. Hedges, and J. Valentine (New York: Russell Sage), 177–203.

 Ouyang, S., and Hu, J-.S. (2020). From “mutual alienation” to “rational intimacy”: on the supervisor-student relationship from the perspective of eh grounded theory. J. High. Educ. 41, 55–62. doi: 10.1111/hea.42_12142

 Overall, N. C., Deane, K. L., and Peterson, E. R. (2011). Promoting doctoral students' research self-efficacy: combining academic guidance with autonomy support. High. Educ. Res. Dev. 30, 791–805. doi: 10.1080/07294360.2010.535508

 Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffffmann, T. C., Mulrow, C. D., et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 372:71. doi: 10.1136/bmj.n71

 Pan, B-.R., and Gu, J-.M. (2022). On the influence of supervisors' guidance on graduate students' innovative abilities. Acad. Degr. Graduate Educ. 4, 52–60. doi: 10.16750/j.adge.2022.04.008

 Peng, L-.P. (2023). Impact of mentor's supporting leadership on graduate research innovation ability: a chain mediating model. J. Jishou Univ. (Natural Sciences Edition). 5, 85–96. doi: 10.13438/j.cnki.jdzk.2023.05.012

 Peng, P. (2019). The shaping of context and interaction: a classification and explanatory framework of mentorship behaviors. High. Educ. Res. 9, 61–67.

 Peng, P., and Hu, J-.W. (2021). Controlled mentoring and postgraduate competence growth: an analysis based on the 2021 SDOMS survey. J. High. Educ. 9, 52–61.

 Peterson, R. A., and Brown, S. P. (2005). On the use of beta coefficients in meta-analysis. J. Appl. Psychol. 90, 175. doi: 10.1037/0021-9010.90.1.175

 Platow, M. J. (2012). PhD experience and subsequent outcomes: a look at self-perceptions of acquired graduate attributes and supervisor support. Stud. High. Educ. 37, 103–118. doi: 10.1080/03075079.2010.501104

 Qi, X-.T., Hu, X-.H., and Zhang, Q-.Q. (2019). Research on the innovation ability training model for agricultural graduate students. Modern Educ. 6, 37–39. doi: 10.16541/j.cnki.2095-8420.2019.67.019

 Qian, W-.Y. (2021). Research on the influence of tutor's guidance style on postgraduates' scientific research innovation ability (master's thesis). Changsha, Hunan: Changsha University of Science and Technology.

 Qiao, J-.S. (2023). Research on the influence of mentors' support on the scientific research and innovation abilities of full-time postgraduates: Mediated by the basic psychological needs (master's thesis). Guiyang, Guizhou: Guizhou Normal University

 Qin, H., Zhang, B., and Zhou, J. (2022). Why do professional doctoral students in education generally delay graduation? An analysis based on survey data from 27 training institutions nationwide. High. Educ. Res. 6, 57–69.

 Qin, S., and Li, R. (2023). Analysis of collaborative training for the innovative ability of graduate students in humanities and social sciences. J. Shenyang Normal Univ. (Educational Science Edition). 2, 28–36. doi: 10.13972/j.cnki.cn21-1500/g4.2023.02.009

 Robnett, R. D., and Chemers, M. M. (2015). Longitudinal associations among undergraduates' research experience, self-efficacy, and identity. J. Res. Sci. Teach. 52, 847–867. doi: 10.1002/tea.21221

 Rothstein, H. R., Sutton, A. J., and Borenstein, M. (2005). “Publication bias in meta-analysis”. in The Publication Bias in Meta-Analysis: Prevention, Assessment and Adjustments, ed. H. R. Rothstein., A. J. Sutton., and M. Borenstein (Hoboken: John Wiley and Sonsp), 1–7.

 Ruzek, E. A., Hafen, C. A., Allen, J. P., Gregory, A., Mikami, A. Y., Pianta, R. C., et al. (2016). How teacher emotional support motivates students: the mediating roles of perceived peer relatedness, autonomy support, and competence. Learn. Instruct. 42, 95–103. doi: 10.1016/j.learninstruc.2016.01.004

 Scott, S. G., and Bruce, R. A. (1994). Determinants of innovative behavior: a path model of individual innovation in the workplace. Acad. Manage. J. 37, 580–607. doi: 10.2307/256701

 Shang, X-.L. (2020). The effect of supervisors' inclusive guidance styles on the master's research creativity (master's thesis). Guangzhou, Guangdong: South China University of Technology

 Shen, Y-.Y. (2022). Research on the influence mechanism of supervisor support on master's degree students' research ability: based on the mediating role of research self-efficacy and learning commitment (master's thesis). Tsingtao, Shandong: Tsingtao University

 Shu, Y-.N. (2017). The influence of tutor's supporting behavior on postgraduates' innovative ability and the countermeasures: taking South China University of Technology as an example (master's thesis). Guangzhou, Guangdong: South China University of Technology

 Su, H., Bai, L., and Zhang, J.-W. (2021). On the influence of supervisors' paternalistic guidance style on postgraduates' creative behaviors. Acad. Degrees Graduate Educ. 6, 57–66. doi: 10.16750/j.adge.2021.06.009

 Sun, H., and Zhang, T. (2020). Gender pressure and its alleviation among female doctoral students: Findings from a qualitative study. Graduate Educ. Res. 3, 45–52. doi: 10.19834/j.cnki.yjsjy2011.2020.03.09

 Tan, C-.H. (2016). The impact mechanism of mentor's autonomy support leadership on the graduate students' creativity (master's thesis). Hefei, Anhui: University of Science and Technology of China

 Wang, H., Wang, L., and Zhu, J. (2022). Moderated mediation model of the impact of autonomous motivation on postgraduate Students' creativity. Think. Skills Creat. 43:100997. doi: 10.1016/j.tsc.2021.100997

 Wang, H-.Y., Li, H-.S., and Chen, L. (2023). Influence of supervisors guidance on doctoral training quality. J. Yangzhou Univ. (Higher Education Study Edition). 27, 72-81. doi: 10.19411/j.cnki.1007-8606.2023.03.009

 Wang, S-.Y., and Cai, H-.H. (2022). Whether the cultivation environment affects the research belief and research performance of doctoral students: based on the survey of 37 “Double First-Class” construction universities. China High. Educ. Res. 4, 91–96. doi: 10.32629/jher.v3i1.660

 Wang, X. (2013). The research on the influence of mentor leadership on the graduate student creativity. [doctoral dissertation]. Hefei, Anhui: University of Science and Technology of China.

 Wang, X. i., Gu, J-.B., and Wu, J-.L. (2013). A study of the influence of supervisor' style on the development of postgraduate creativity–the moderating role of students' personal initiative. Acad. Deg. Graduate Educ. 5, 14–17. doi: 10.16750/j.adge.2013.05.007

 Wang, Y-.J., Tian, Q-.F., and Cai, J-.F. (2016). A study of the mechanism of supervisor autonomy support on PhD students' research outputs. Acad. Degrees Graduate Educ. 4, 60–64. doi: 10.16750/j.adge.2016.04.013

 Wu, D-.J. (2023). A study on the relations between supervisors' moral demonstration and doctoral students' innovation ability in the fields of humanities and social sciences. J. Graduate Educ. 2, 53–61. doi: 10.19834/j.cnki.yjsjy2011.2023.02.08

 Wu, J-.H., and Fu, H-.L. (2024). A meta-analysis of the relationship between achievement goal orientation and academic achievement: the mediating role of self-efficacy and student engagement. Adv. Psychol. Sci. 32, 1104–1125. doi: 10.3724/SP.J.1042.2024.01104

 Wu, J-.H., Fu, H-.L., and Zhang, Y-.H. (2024). A meta-analysis of the relationship between perceived social support and student academic achievement: the mediating role of student engagement. Adv. Psychol. Sci. 4, 552–569. doi: 10.3724/SP.J.1042.2023.00552

 Wu, J-.L., Wang, X., and Gu, J-.B. (2014). Research on the mechanism of the impact of autonomy support from mentor on creativity of graduate students. Sci. Res. Manage. 35, 154–160. doi: 10.19571/j.cnki.1000-2995.2014.07.020

 Wu, J-.Q., and Luo, Y-.F. (2020). How does doctoral advisor influence the publication of doctoral students? an analysis based on the data of 2016 college student development survey in Beijing. Fudan Educ. Forum. 5, 55–62. doi: 10.13397/j.cnki.fef.2020.05.010

 Wu, Y., Wei, Y-.L., Shi, Y-.X., and Li, M-.L. (2018). The influence of tutor's guidance style on the innovative ability of graduate students with different levels of initiative: an investigation of nine universities. Fudan Educ. Forum. 3, 74–79. doi: 10.13397/j.cnki.fef.2018.03.012

 Xiang, M-.D. (2022). The influence of supervisor support behavior on Graduate Students' research ability: the mediating role of research self-efficacy (master's thesis). Shihezi, Xinjiang: Shihezi University

 Xiao, Y., Wen, Y., Yu, X-.H., and Qin, F. (2021). A Study on the influence of graduate students' innovative ability based on SEM: a case study of graduate school of university A. China Univ. Sci. Tech. 8, 60–65. doi: 10.16209/j.cnki.cust.2021.08.012

 Xie, Z-.T., and Han, Y-.G. (2016). The effect of advisors' transformational leadership on graduate students' creativity: the mediating role of leader-member exchange. Indus. Eng. Manage. 21, 139–152. doi: 10.19495/j.cnki.1007-5429.2016.03.019

 Xu, J-.B., Tian, M., Wang, J., Lin, G-.B., Lei, Q-.L., Lin, X-.H., et al. (2023). Construction and validation of the Postgraduate Research Innovation Ability Scale (PRIAS): a three-dimensional structural model based on componential theory of creativity. Psychol. Res. Behav. Manage. 16, 2425–2436. doi: 10.2147/PRBM.S408331

 Xu, L. (2021). Empirical research on the influence of teachers' support on the academic achievement of postgraduates (master's thesis). Nantong, Jiangsu: Nantong University

 Xu, Y-.Q. (2022). A study of the impact of supervisor' autonomy support on academic postgraduates' research and innovation ability. High. Educ. Forum. 8, 100–105.

 Yang, B-.B. (2020). Research on the influence mechanism of supervisors scientific research guidance on postgraduates' innovation performance (master's thesis). Lanzhou, Gansu: Lanzhou University.

 Yang, Y. (2019). The research on the influence of self-supporting environment on the creativity of postgraduate nursing students (master's thesis). Yanji, Jilin: Yanbian University.

 Yang, Y. (2024). The impact of mentor support on the academic interests of full-time master's students: the mediating role of academic self-efficacy. J. Shenzhen Polytech. 2, 54–61. doi: 10.13899/j.cnki.szpuxb.2024.02.007

 Yao, H-.L. (2023). Research on the relationship between tutor's coaching style, psychological empowerment and learning harvest of postgraduate students (master's thesis). Shihezi, Xinjiang: Shihezi University.

 Yao, T-.H., and Yu, C-.P. (2019). A study of the relationship between mentor-peer support, research self-efficacy and graduate student research creativity. High. Educ. Explor. 4, 46–53.

 Ye, X-.L., Xu, P-.X., and Cai, J-.M. (2024). Realistic block and promotion strategy for the implementation of classified development policy in colleges and universities: analysis based on the smith policy implementation process model. Modern Educ. Manage. 3, 65–74. doi: 10.16697/j.1674-5485.2024.03.007

 Yin, X-.D., and Gao, Y. (2014). Investigation and analysis of the factors that mainly influence the cultivation of innovation ability of doctoral students. J. Southwest China Normal Univ. (Natural Science Edition). 3, 171–177. doi: 10.13718/j.cnki.xsxb.2014.03.030

 Zhai, R-.X., Gan, S-.J., and Han, S-.W. (2024). How does supervisor support influence the research abilities of master's students: an empirical analysis based on the 2022 nature global graduate survey data. J. Huzhou Univ. 46, 42–53. Available at: https://link.cnki.net/urlid/33.1018.g4.20240307.1428.002

 Zhang, B-.S., Li, X., and Zhang, Q-.P. (2021). A study on the impact of paternalistic tutor style on postgraduate' scientific research creativity: the role of academic passion and scientific research self-efficacy. J. Technol. Econ. 6, 177–188.

 Zhang, C-.Y., Yu, W-.Q., and Yao, Q-.Y. (2022b). On the influence of supervisors' autonomous support on innovative behaviors of engineering postgraduates. Acad. Degrees Graduate Educ. 10, 42–48. doi: 10.16750/j.adge.2022.10.007

 Zhang, G-.L., Xiao, C-.L., and Zhang, H-.Q. (2011). Reflections on the training model and methods for graduate students in agricultural sciences. Educ. Teach. Forum. 27, 149–150. doi: 10.3969/j.issn.1674-9324.2011.27.100

 Zhang, J-.W., Tang, J., Xie, K., and Zhang, Y-.J. (2023). The influence of inclusive supervisor on graduate students' research creativity: the mediating effect of cognitive flexibility and the moderating effect of openness to experience. Psychol. Res. 16, 354–363. doi: 10.19988/j.cnki.issn.2095-1159.2023.04.008

 Zhang, L. (2018). The relationship study on transformational mentors' mentoring styles and team climate of postgraduate innovative behavior (master's thesis). Wuhan, Hubei: Wuhan University of Science and Technology.

 Zhang, M. (2020). Research on the impact of supportive mentor leadership and shang-yan mentor leadership on graduate student research creativity (master's thesis). Xiangtan, Hunan: Xiangtan University.

 Zhang, M., Wangm, Z-.L., Zhang, Y-.C., Li, J., and Hou, Z-.W. (2024). A review of meta-analysis: from the basic to the advanced. J. Technol. Econ. 43, 140–151. doi: 10.12404/j.issn.1002-980X

 Zhang, S-.S., Sun, Y., and Li, W. (2022c). Influence of supportive guiding style on innovation ability of college graduate students: the chain mediating effect of team atmosphere and learning engagement. China J. Health Psychol. 3, 448–452. doi: 10.13342/j.cnki.cjhp.2022.03.026

 Zhang, W-.W. (2021b). Research on the influence of tutor support on graduate students' scientific research ability (master's thesis). Beijing: Capital University of Economics and Business.

 Zhang, X., Feng, X., and Cui, Y. (2021). Mentorship style, academic performance, and self-satisfaction of professional master's students. J. High. Continu. Educ. 3, 19–26. doi: 10.3969/j.issn.1006-7353.2021.03.004

 Zhang, Y. (2024). An empirical study on doctoral students' academic performance. Educ. Acad. Monthly. 1, 91–99. doi: 10.16477/j.cnki.issn1674-2311.2024.01.004

 Zhang, Y., Jian, J., and Yuan, Y. (2022a). How supervisors' academic capital influences business graduate students' perceived supervisor support and creativity: evidence from the tutorial system in China. Int. J. Manage. Educ. 20, 100732. doi: 10.1016/j.ijme.2022.100732

 Zhang, Y-.A. (2021c). Study on the innovative behavior in research and their influencing factors of full-time postgraduates: Based on the four “Double First-class” universities in Shanghai (master's thesis). Shanghai: East China Normal University.

 Zhang, Y-.L., Li, S., and Yu, G-.L. (2019). The relationship between self-esteem and social anxiety: a meta-analysis with Chinese students. Adv. Psychol. Sci. 27, 1005–1018. doi: 10.3724/SP.J.1042.2019.01005

 Zhang, Z-.T. (2021a). A research on innovation ability in scientific research of science and engineering academic graduate students in local colleges and universities: based on supervisor support (master's thesis). Shangtou, Guangdong: Shangtou University.

 Zhao, L-.L., and Jiang, B-.J. (2020). The influence of tutor support on academic adaptation of academic doctoral students: based on the investigation of 16 universities in Jiangsu, Zhejiang, Shanghai and Anhui. China High. Educ. Res. 8, 56–61. doi: 10.16298/j.cnki.1004-3667.2020.08.10

 Zhao, N. (2021). Influence of support mentor guidance style on graduate research innovation ability-learning input as an intermediar (master's thesis). Taiyuan, Shanxi: Shanxi University of Finance and Economics.

 Zhao, Y-.X. (2023). Research on the influence of tutor guidance style on the scientific research ability of master's students in humanities and social sciences (master's thesis). Dalian, Liaoning: Liaoning Normal University.

 Zheng, Y., Li, Z., and Xiao, M. (2022). How mentor competence influences graduate students' research performance: a survey based on five “Double First Class” universities. Graduate Educ. Res. 6, 43–52. doi: 10.19834/j.cnki.yjsjy2011.2022.06.06

 Zhou, J., and George, J. M. (2001). When job dissatisfaction leads to creativity: encouraging the expression of voice. Acad. Manag. J. 44, 682–696. doi: 10.2307/3069410

 Zhu, B-.Q. (2017). Postgraduates' research self-efficacy and influencing factors study (master's thesis). Nanjing, Jiangsu: Nanjing University.

 Zhu, F-.Q. (2019). Research on the impact of tutors' leadership on academic aspirations of graduate students take N University's academic graduate as an example (master's thesis). Nanjing, Jiangsu: Nanjing University.

 Zhu, H., Li, W-.L., and Zuo, Z-.J. (2011). The status of graduate students' creativity and its influence mechanism. J. High. Educ. 32, 74–82.

 Zhu, L-.L. (2019). The impact of mentor support on the creativity of postgraduates: the role of self-efficacy and learning goal orientation (master's thesis). Guangzhou, Guangdong: South China University of Technology.

Copyright
 © 2025 Chang, Han and Hu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/feduc-10-1490322-t004.jpg
Variable = Moderator variable Heterogeneity 95%Cl

Qp Lower Upper

Discipline HS 147.372 3 0.000 5 0.575 0.279 0.772

ST 1 0.826 0.792 0.855

M 4 0.545 0.486 0.550

ss A 1 0434 0.382 0.438
HEI 211 14.842 3 0.002 1 0.437 0.322 0.540

985 1 0.207 0.116 0.294

Double first-class 6 0.422 0.249 0.569

General 5 0.540 0.284 0.723






OPS/images/feduc-10-1490322-t002.jpg
Variable 95%Cl Qw
relationships

Lower Upper

CS&PC 21 0.466 | 0.344 0.573 1,465.186 | 98.635***
PS&PC 22 0432 0339 0.516 682.762 | 96.924***
AS&PC 25 0.426 | 0.340 0.505 864.697 | 97.224***
SS&PC 43 0.474 | 0.408 0536 | 2,688.601 | 98.438**

k is the number of effects; r is the correlation coefficient; 95% CI is the 95% confidence
interval of r; Qy, is the test statistic for within-group heterogeneity; **p < 0.001; and I? values
were interpreted using the following thresholds: 25%, low heterogeneity; 50%, moderate
heterogeneity; and 75%, high heterogeneity (Wu and Fu, 2024).
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cs Master 6.381 1 0.012 14 0.509 0.353 0.638
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Doctor &3 0.233 0.095 0.363

Qp is the test statistic for heterogeneity between groups.
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Zhu etal., 2011 10,850 51 D&M HS&STXA&M Double First-class SS&PC Journal
Wang (2013) 216 71 D&M HS&ST NR SS&PC Dissertation
Li (2015) 156 77 D ST Double First-class CS/PS&PC Dissertation
Jibao et al. (2015) 216 65 D&M HS&ST Double First-class SS&PC Journal
Wang et al. (2016) 148 76 D NR NR AS&PC Journal

Tan (2016) 206 68 M HS&ST NR AS&PC Dissertation
Xie and Han (2016) 256 72 D&M HS&ST&M NR SS&PC Journal

Zhu (2017) 455 45 M HS&ST Double First-class PS/AS&PC Dissertation
Hu (2017) 275 36 M HS&ST General universities SS&PC Journal

Shu (2017) 378 57 D&M HS&ST&A&M Double First-class CS/PS/AS&PC Dissertation
Wu etal. (2018) 409 NR NR NR Double First-class&General SS&PC Journal
Meng and Zhao (2018) 677 49 D&M M 211&General SS&PC Journal
Zhang (2018) 209 28 D&M HS&ST&M 985&211&General PS/AS&PC Dissertation
Yao and Yu (2019) 445 52 D&M NR 985 SS&PC Journal

Zhu L-.L. (2019) 497 57 M HS&ST NR CS/PS/AS&PC Dissertation
Duan (2019) 178 57 M HS Double First-class&General CS/PS/AS/SS&PC Dissertation
Yang (2019) 216 5 M M NR AS&PC Dissertation
Zhu F-.Q. (2019) 305 34 M HS&ST&M 985&211&General SS&PC Dissertation
Du (2019) 2,313 62 D HS&ST 985&211&General SS&PC Journal

Wu and Luo (2020) 1,418 NR D NR 985&211&General CS&PC Journal
Yang (2020) 400 33 D&M HS&ST Double First-class CS/PS/AS/SS&PC Dissertation
Zhang (2020) 260 46 M HS&ST 985&211&General SS&PC Dissertation
Shang (2020) 509 51 M HS&ST NR SS&PC Dissertation
Liand Shu (2020) 2,313 NR D HS&ST&M 985&211&General SS&PC Journal
Feng etal. (2020) 440 64 D ST NR SS&PC Journal

Liu (2021) 327 49 M HS&ST General CS/PS/AS/SS&PC Dissertation
Qian (2021) 466 NR D&M HS&ST NR SS&PC Dissertation
Zhang (2021a) 390 58 M ST General CS/PS/AS/SS&PC Dissertation
Xu (2021) 301 23 M HS&ST&A&M General SS&PC Dissertation
Lietal. (2021) 1,007 43 D&M A NR SS&PC Journal
Zhao (2021) 322 46 M HS&STXA&M NR CS/PS/AS&PC Dissertation
Zhang (2021b) 345 47 M HS&ST NR CS/PS/AS&PC Dissertation
Zhang (2021¢) 418 40 M HS&ST Double First-class&General SS&PC Dissertation
Jiang et al. (2021) 445 13 D&M M NR SS&PC Journal
Suetal. (2021) 601 42 D&M HS&ST&A&M NR PS/AS&PC Journal
Zhang B-S. et al. (2021) 207 25 NR HS&ST&M NR PS/AS&PC Journal
Xiao etal. (2021) 2,024 NR M NR NR SS&PC Journal

Liu Y-.Y. (2022) 413 46 M HS&ST Double First-class&General SS&PC Dissertation
Xu (2022) 451 54 D&M NR 985 AS&PC Journal
Zhang et al. (2022b) 1,108 56 NR ST Double First-class AS&PC Journal
‘Wang and Cai (2022) 4,521 NR D HS&ST Double First-class SS&PC Journal
Zhang et al. (2022¢) 728 32 D&M NR Double First-class&General SS&PC Journal
Han et al. (2022) 996 36 D&M HS&ST&M NR CS/PS/AS&PC Journal
Zhang et al. (2022a) 888 52 D&M HS 985&211&General SS&PC Journal
Shen (2022) 466 49 M HS&ST Double First-class&General CS/PS/AS/SS&PC Dissertation
Xiang (2022) 929 44 M HS&ST&A&M Double First-class&General CS/PS/AS&PC Dissertation
‘Wu (2023) 224 NR D HS Double First-class SS&PC Journal
Qiao (2023) 387 38 M HS&ST&A&M Double First-class&General CS/PS/AS/SS&PC Dissertation
Lv (2023a) 322 NR NR HS NR SS&PC conference

paper

Chen etal. (2023) 445 43 M M General SS&PC Journal
Peng (2023) 926 52 M HS&ST&A&M NR SS&PC Journal
Zhao (2023) 517 54 M HS NR CS/PS/AS/SS&PC Dissertation
Lv (2023b) 504 49 M HS&ST Double First-class CS/PS/SS&PC Dissertation
He and Zhu (2023) 981 49 D HS&ST&A&M NR CS/PS/AS&PC Journal

Li (2023) 898 41 M HS&ST NR SS&PC Dissertation
Zhang et al. (2023) 347 47 D&M HS&ST Double First-class&General SS&PC Journal

Yao (2023) 1,092 45 M HS&ST Double First-class&General CS/PS/AS/SS&PC Dissertation
‘Wang et al. (2023) 2,306 56 D HS&ST Double First-class CS/AS&PC Journal
Yang (2024) 584 33 M HS&ST&A&M Double First-class&General CS/PS/AS/SS&PC Dissertation
Mo etal. (2024) 404 26 M M NR SS&PC Journal
Zhai et al. (2024) 391 NR M NR NR SS&PC Journal

M, master’s students; D, doctoral students; NR, not reported.

PNR, not reported; HS, Humanities and Social Sciences; ST, Science and Technology; A, Agricultural Science; M, Medical Sciences.

HEIL higher education institution; NR, not reported; 211, Universities belonging to “Project 211”; 985, Universities belonging to “Project 985”; “Double First-class;” world-class construction
university and first-class disciplines construction university; General, other university.

4CS, academic support; PS, personal support; AS, autonomy support; SS, supervisor support; PC, postgraduate creativity.
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