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The research creativity of doctoral students is not solely fueled by their intrinsic motivation, but also thrives in an environment that offers challenging research opportunities, substantial support, and feedback from significant others. Based on the job demands-resources model, this study aims to explore the impact of challenge research stressors on the research creativity of Chinese doctoral students. A mediated moderation model was constructed to examine the mediating effect of achievement motivation and the moderating effect of supervisor developmental feedback on the relationship between challenge research stressors and research creativity. A total of 538 valid questionnaires were collected from doctoral students using convenience sampling and snowball sampling. The questionnaires included the Challenge Research Stressors Scale, the Research Creativity Scale, the Achievement Motivation Scale, and the Supervisor Developmental Feedback Scale. Regression analyses, bootstrap testing, and simple slope analyses were used to estimate the various relationships. The findings indicated that challenge research stressors had a positive effect on doctoral students’ research creativity. Supervisor developmental feedback positively moderated the impact of challenge research stressors on the achievement motivation and research creativity of doctoral students. Achievement motivation partially mediated the influence of challenge research stressors on doctoral students’ research creativity, and further fully mediated the interaction effect of challenge research stressors and supervisor developmental feedback on doctoral students’ research creativity. These findings contribute not only to our understanding of the mechanisms and boundary conditions through which challenge research stressors impact the research creativity of doctoral students, but also provide valuable insights into how to stimulate and maintain their research creativity.
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Introduction

As the “tip of the pyramid” of the national education system, doctoral education bears the vital mission of generating original scientific research outcomes, nurturing high-level innovative talents, and contributing to the nation’s scientific and technological self-reliance and innovation. Its significance and role in national revitalization through science, education, talent empowerment, and innovation-driven development have become increasingly prominent (Li and Xue, 2021). Among these innovative talents, doctoral students serve as a vital reserve and driving force in building an innovative nation. Thus, enhancing the research creativity of doctoral students has emerged as a top-priority training objective across numerous nations and academic institutions (Whitelock et al., 2008; Brodin, 2018; Breslin, 2019). Nevertheless, in recent years, due to the continuous expansion of doctoral enrolment in China, the quality of doctoral graduate training has seen a significant decline (Zhang et al., 2023). More specifically, the lack of research creativity among doctoral students has not been able to keep up with the demands of social development (Su et al., 2021). Yuan and Yan (2009) discovered that the main issue affecting the quality of China’s postgraduate education is the lack of innovative ability, particularly in terms of originality. In their three separate surveys evaluating the quality of postgraduate education in China, nearly one-third of doctoral students rated their creativity as “average” or “poor.” Given this challenging scenario, it is of substantial practical significance to explore the factors that influence the research creativity of doctoral students and the underlying mechanisms. This exploration aims to improve the quality of doctoral student development and ignite their passion for and commitment to innovation.

Previous research has primarily focused on examining the factors that impact the research creativity of doctoral students from various perspectives, including supervisors, doctoral students themselves, and organizational climate. The supervisor level focuses on factors such as supervisor support (Fan et al., 2019; Zeng and Zhang, 2022; Zhang et al., 2023), supervisor mentoring style (Su et al., 2021; Zeng and Zhang, 2022; Zhang et al., 2023), supervisor competence (Zheng et al., 2022), and supervisor-student relationship (Ma et al., 2019; Zhao et al., 2021). The individual perspective focuses on the impact of doctoral students’ research experience (Brodin, 2014; Yin et al., 2018), personality traits (Wu et al., 2018; Su and Zhang, 2020), role identity (Yin et al., 2016; Frick and Brodin, 2020), research self-efficacy (Pan and Gu, 2022; Xie et al., 2023), and academic emotions (Yin et al., 2016) on their research creativity. The organizational climate perspective focuses on factors such as the climate for error management (Yin et al., 2018), the academic interaction atmosphere (Wu et al., 2019), and the organizational innovative environment (Liu et al., 2023) on doctoral students’ research creativity. Although the above studies have comprehensively discussed the factors influencing the research creativity of doctoral students, they have neglected to include the characteristics of the scientific research work that doctoral students are facing.

In recent years, with the continuous expansion of doctoral enrolment, doctoral students are facing increased academic and employment competition, where “no publication means elimination” (Horta and Li, 2022). Challenge research stressors, such as time constraints, substantial responsibilities, heavy research workloads, and research complexity, prevail in the doctoral research environment (Mccauley and Hinojosa, 2020; Acharya et al., 2023; Bran et al., 2023). Especially with the increasing expectations of the country on the quality of doctoral education, various institutions have raised the bar for the research and innovative abilities of doctoral students. Most universities in China require doctoral students to publish high-quality academic papers in order to be eligible for graduation, which adds to the already significant research pressure faced by doctoral students. As an inevitable and significant contextual factor in doctoral research, research stressors have a profound impact on the psychological cognition and behavioral outcomes of doctoral students during their research activities (El-Ghoroury et al., 2012). For example, existing studies have begun to examine the impact of research stressors on doctoral students’ anxiety (Yao and Ma, 2021), knowledge-sharing behaviors (Li et al., 2018), academic misconduct behaviors (Zhang et al., 2013), and research performance (Gu and Chang, 2021). However, there remains a gap in understanding the mechanisms through which research stressors affect the research creativity of doctoral students. Since previous studies on the impact of work stressors on individual creativity have mainly focused on the field of business management, little is known about how research stressors in academic organizations affect the creativity of graduate students. Therefore, it is of great significance to explore the relationship between research stressors and the research creativity of doctoral students in academic organizations.

Based on existing literature, scholars generally classify stressors into challenge stressors and hindrance stressors based on the two-dimensional stressors framework proposed by Cavanaugh et al. (2000). It has been found that hindrance stressors cannot be overcome by individuals in the short term and positively predict cognitive resource depletion, emotional exhaustion (Sawhney and Michel, 2022), and reduced self-efficacy (Sun et al., 2019; Yang and Li, 2021), thus exerting a negative effect on individual creativity (Horan et al., 2020; LePine, 2022). However, regarding the impact of challenge stressors on individuals’ creativity, scholars have reached inconsistent research conclusions, finding both positive (Sacramento et al., 2013), negative (Binnewies and Wörnlein, 2011; Wijaya et al., 2022), and nonlinear relationships (Baer and Oldham, 2006) between them. In light of this, drawing upon insights from the management field, this study focuses on investigating the influence of challenge research stressors in the field of doctoral education on the research creativity of doctoral students and the specific mechanisms involved.

Early studies have indicated that challenge stressors not only directly impacted individual creativity, but also exerted their influence through various mediating mechanisms (Lepine et al., 2005). For example, existing studies have predominantly explored and tested the mediating effects of variables such as self-efficacy (Sun et al., 2019), challenge appraisal (Ohly and Fritz, 2010), organizational commitment (Montani et al., 2017), regulatory focus (Wu et al., 2021) and emotions (Rodell and Judge, 2009) on the relationship of challenge stressors and individual creativity. However, according to Amabile’s componential theory of creativity (Amabile and Pratt, 2016), individual creativity is primarily derived from intrinsic motivation. This includes a strong interest and engagement in work, as well as a sense of curiosity, pleasure, or challenge associated with the work (Amabile et al., 1994). In essence, the willingness of individuals to engage in creative work and sustain this state hinges predominantly on their intrinsic motivation. Intrinsic motivation stands as a pivotal personal characteristic for enhancing creativity (Schoen, 2015). Based on this, the study posits that the research creativity of doctoral students primarily stems from their intrinsic identification with, strong interest in, and passion for academic research. That is, the intrinsic motivation of doctoral students plays a critical role in the formation and development of their research creativity. Drawing from achievement motivation (Weiner, 1985), achievement motivation represents a type of intrinsic motivation that drives individuals to pursue desired goals and overcome challenges in their pursuit of achievement. It includes the desire for success (a feeling of competence and accomplishment upon achieving goals) and the avoidance of failure (a strong aversion to taking risks and experiencing failure) (Collins et al., 2004). The inclination to pursue success exerts a positive influence on problem-solving and creativity (Story et al., 2009) and ranks among the most relevant individual factors associated with creativity (Schoen, 2015). Moreover, Yao and Ma (2021) have highlighted that challenge research stressors, such as time constraints, high research innovation requirements, and substantial research workloads, can positively predict postgraduates’ achievement motivation. Hence, based on this rationale, we propose that achievement motivation may act as a mediator in the relationship between challenge research stressors and doctoral students’ research creativity.

Furthermore, the Job Demands-Resources (JD-R) model theory suggests that achieving a balance between job demands and job resources is essential for generating positive outcomes (Bakker et al., 2007). Specifically, individuals who have access to sufficient job resources tend to exhibit higher levels of work motivation, enthusiasm, engagement, and a willingness to explore new things when confronted with high levels of job demands (Lesener et al., 2020). This, in turn, increases work creativity. Conversely, individuals lacking external resources, such as social support and feedback, are more likely to experience emotional exhaustion and anxiety when facing increased job demands (Han et al., 2020), which will hinder them from generating creative ideas and engaging in innovative behavior (Bakker and Demerouti, 2007). Based on the above, this study proposes that supervisors, as the primary individuals responsible for doctoral training, play a crucial role in providing support and feedback to help doctoral students effectively cope with demanding research requirements. Early studies have also shown that supervisors’ support and guidance are significant factors in predicting the innovative ability of doctoral students in research (Zheng et al., 2022). Therefore, it is worthwhile to explore whether supervisors’ feedback, especially the developmental feedback that focuses on students’ future growth and offers valuable insights (Zhou, 2003), can help doctoral students deal with challenge research stressors and enhance their intrinsic motivation for research and then improve their research creativity. Specifically, can supervisor developmental feedback positively moderate the impact of challenge research stressors on doctoral students’ achievement motivation and research creativity?

To summarize, this study aims to develop a mediated moderation model that examines the role of supervisor developmental feedback as a moderator and achievement motivation as a mediator in the relationship between challenge research stressors and research creativity among doctoral students. The purpose of this study is to provide strategies and recommendations to doctoral students, supervisors and doctoral training institutions on how to effectively manage challenge research stressors while also fostering and maintaining the research creativity among doctoral students.



Literature review and hypotheses development


Challenge research stressors and doctoral students’ research creativity

Creativity is a complex and diverse concept (Kandler et al., 2016), encompassing over 60 definitions within psychology alone (Elshout, 1990). Among the numerous definitions, Amabile’s proposal is widely accepted in academia, defining creativity as the ability to generate novel and appropriate ideas, products, processes, services, or methods (Amabile et al., 1996; Amabile, 1997). This definition has received extensive citation in research on individual-level creativity (Tierney et al., 1999; Zhou and George, 2001; Farmer et al., 2003). Existing studies have shown that individual creativity in the workplace is influenced by personal characteristics, organizational contextual factors, and their interaction (Oldham and Cummings, 1996; Shalley et al., 2004). When environmental characteristics align harmoniously with personal attributes, it tends to stimulate heightened levels of individual creativity (Woodman et al., 1993; Oldham and Cummings, 1996). In this study, creativity is referred to as research creativity, which pertains to the ability of doctoral students to systematically apply theoretical knowledge, creatively solve problems, and generate new insights. It also emphasizes the novelty and practicality of research questions, methodologies, processes, and perspectives (Yin et al., 2016).

The cognitive appraisal theory of stress suggests that stress is a psychological and physiological response produced by individuals after perceiving specific environmental demands and making either challenge or threat appraisals (Lazarus, 1993). Building upon this theory, Cavanaugh proposed a two-dimensional stressors framework comprising challenge stressors and hindrance stressors (Cavanaugh et al. 2000). Challenge stressors, such as time constraints, workload, job responsibilities, and task complexity, have the potential to foster personal growth and future development. In the specific research context of doctoral students, their research stress mainly comes from challenge research stressors, such as high research assessment requirements, substantial workload, tight deadlines, and the complexities of innovative research tasks. These stressors have the potential to reward doctoral students by improving their research abilities and fostering future academic growth. Once these stressors are overcome, doctoral students will experience positive rewards and a sense of accomplishment in relation to their research outcomes. This, in turn, will ignite their enthusiasm and intrinsic motivation for academic research. Based on this, we define challenge research stressors as research demands that fall within the acceptable range for doctoral students but require significant efforts to meet. These demands serve as motivators, prompting doctoral students to increase their commitment to research, and to propose and solve problems creatively.

Lepine et al. (2005) point out that coping with challenge stressors can elicit negative emotions such as tension and anxiety. However, once successfully managed, these stressors can provide opportunities for personal growth, learning, and future benefits. Meta-analyses investigating the challenge-hindrance stressors framework also consistently demonstrate that challenge stressors significantly and positively predict positive attitudes and behaviors in employees, including job satisfaction, organizational commitment, and job performance (Podsakoff et al., 2007; Horan et al., 2020; LePine, 2022). Based on this, it is hypothesized in this study that challenge research stressors positively predict the research creativity of doctoral students. Firstly, challenge research stressors contain attainable research objects and high research expectations (Podsakoff et al., 2007), which serve as motivating factors that inspire doctoral students to actively participate in research activities. This active engagement fosters a sense of achievement and efficacy (Sacramento et al., 2013), thereby fulfilling their psychological needs for competence. Self-determination theory suggests that satisfying individuals’ basic psychological need for competence in a certain activity will enhance their intrinsic motivation to engage in that activity (Ryan and Deci, 2000). Therefore, the sense of research efficacy derived from overcoming challenge research stressors will enhance doctoral students’ academic enthusiasm to actively seek resources, identify connections between concepts, and generate novel ideas (Farmer et al., 2003), ultimately promoting their research creativity. Secondly, although meeting the requirement of challenge research stressors demands significant effort from doctoral students, these challenge research stressors contain potential rewards for enhancing their research abilities and future academic growth. Therefore, doctoral students can gain a sense of control over challenging research requirements, which then help meet their psychological needs for autonomy. A meta-analysis by Hammond et al. (2011) indicates that autonomy is an important factor influencing individual innovative behavior. Individuals with higher autonomy have stronger adaptability and initiative in creative activities (De Spiegelaere et al., 2016). This is particular evident when research autonomy is granted to doctoral students, enabling them to independently select research topics and explore different research methods. As a result, they are able to generate more creative ideas. Based on these analyses, this study proposes the following hypothesis:


H1: Challenge research stressors have a positive impact on the research creativity of doctoral students.
 



The mediating role of achievement motivation

Achievement motivation, as an important intrinsic trait, drives individuals to tackle meaningful, valuable, and challenging tasks with interest, enjoyment, and high self-confidence, cultivating inner motivation for successful outcomes (Wigfield and Eccles, 2000). It acts as an internal force propelling individuals toward success, reflecting their belief in self-development (Schoen, 2015). Individuals with high achievement motivation demonstrate greater proactivity and resilience when facing obstacles. They willingly take on more demanding tasks, invest substantial effort in achieving their goals (Wigfield and Eccles, 2000), and are more inclined to embrace risks and propose innovative solutions when confronted with problems. Moreover, they tend to positively evaluate associated risks, fostering a creative approach to their work (Dweck, 1986). Additionally, individuals with a strong need for achievement do not adhere to traditional solutions but instead focus on situations where existing solutions are inadequate. They consider these situations as opportunities to learn new knowledge and engage in challenging work (Shalley, 1995). Therefore, they are often seen as creative (Fodor and Carver, 2000), in alignment with the core tenet of the componential theory of creativity: creativity stems from intrinsic motivation rooted in their interest, enjoyment, or sense of challenge, with intrinsic motivation serving as the primary predictor of individual creativity (Amabile et al., 1996). Hence, the presence of achievement motivation significantly contributes to fostering individual creativity (Amabile, 1988; Shalley and Oldham, 1997). Building upon these insights, this study proposes that doctoral students’ achievement motivation can also positively predict their research creativity.

On the other hand, achievement motivation is also influenced by contextual factors. According to cognitive appraisal theory, organizational contextual factors can be classified as either informative or controlling. Informative contextual factors have a positive impact on intrinsic motivation, whereas controlling contextual factors have negative effects (Deci et al., 1989). Although challenge research stressors sometimes bring about negative emotions such as tension and anxiety, these stressors have the potential to reward doctoral students by improving their research abilities and fostering future academic growth (Lepine et al., 2005). Therefore, challenge stressors are deemed informative, providing doctoral students with relevant information to enhance their research abilities, thereby boosting intrinsic motivation and research creativity (Crawford et al., 2010). For instance, Wallace et al. (2009) found that challenge work stressors can serve as catalysts for individuals’ motivation to successfully complete tasks. Similarly, challenge research stressors, as an informative situational factor, will help ignite enthusiasm and subjective initiative among doctoral students, ultimately enhancing their commitment to research and intense passion for research innovation. Overcoming these challenges subsequently promotes a sense of competence and satisfaction, which in turn enhances motivation to achieve desired outcomes. Lepine et al. (2004) further noted a similar influence in college students who faced challenge academic stressors, with these stressors positively impacting their motivation to learn. Therefore, our study proposes that challenge research stressors serve as positive predictors of the achievement motivation experienced by doctoral students.

Given the above analysis, which is based on the componential theory of creativity and the cognitive appraisal theory of stress, individuals’ perception of work characteristics can influence their intrinsic motivation for task performance, subsequently impacting their creativity (Shalley et al., 2004). Specifically, in this study, challenge research stressors continually stimulate the desire for exploration and achievement among doctoral students. This stimulation enhances their intrinsic motivation for achievement, which, in turn, improves their curiosity, cognitive flexibility, adventurous spirit, and perseverance (Utman, 1997). Consequently, this promotes the development of their research creativity. Thus, we propose the following hypothesis:


H2: Achievement motivation mediates the relationship between challenge research stressors and doctoral students’ research creativity.
 



The moderating role of supervisor developmental feedback

Feedback, in organizational contexts, serves as both a motivator and a corrective tool (Amabile et al., 2004; Christensen-Salem et al., 2018). Different from traditional results-oriented feedback or control-oriented feedback, which focuses on assessing behaviors and performance, developmental feedback provides valuable guidance for future learning, growth, and advancement (Zhou, 2003; Li et al., 2011). Therefore, developmental feedback is forward-looking and aims to facilitate improvement. This study defines developmental feedback from academic supervisors as the act of providing doctoral students with useful and valuable feedback information to enhance their learning, development, and improvement based on the idea of developmental feedback in organizational behavior.

Supervisors are critically important in guiding and supporting doctoral students throughout their academic socialization process (Gill and Burnard, 2008). Their developmental feedback significantly impacts the research cognition and behavior of doctoral students (Shang et al., 2023). The Conservation of Resources (COR) theory suggests that individuals with more resources are less affected by resource loss and can acquire additional resources (Hobfoll, 1989), potentially leading to a spiral of resource gain (Hobfoll, 2011). When doctoral students encounter challenge research stressors, receiving developmental feedback from their supervisors can potentially equip them with additional resources and mitigate the associated risks (Bakker et al., 2007). Firstly, in challenging research situations, constructive advice from supervisors enhances the research efficacy and self-confidence of doctoral students (Shang et al., 2023). This positive reinforcement leads to a more optimistic outlook on research challenges, inspiring proactive responses and boosting intrinsic motivation for demanding research tasks. Ultimately, it enhances research creativity. Previous studies have shown that supervisor developmental feedback strongly correlates with doctoral students’ intrinsic motivation and research creativity (Su et al., 2022). Notably, supervisors’ feedback carries greater influence on students’ research cognition and behavior compared to other sources of feedback (Gemme and Gingras, 2012). Secondly, supervisor developmental feedback primarily focuses on learning and improvement, emphasizing the provision of guiding advice for students’ future growth and progress (George and Zhou, 2007). Through receiving developmental feedback, doctoral students are able to gain insight into their strengths and research challenges. They also have access to valuable resources and information that contribute to their own academic growth (Zhou, 2003), which, in turn, stimulates their intrinsic motivation to pursue research achievements (Dweck, 1986), leading them to actively seek challenges, persevere, and generate creative ideas. As a result, their research creativity is enhanced. Additionally, supervisor developmental feedback, as an informative feedback approach, is not outcome-oriented, which helps alleviate the research stress of doctoral students and stimulates their interest in research (Joo and Park, 2010). That is, developmental feedback fosters a relaxed research environment that encourages divergent thinking and ultimately cultivates higher research creativity (Runco and Acar, 2012). Moreover, supervisors’ timely developmental feedback conveys relevant information about doctoral students’ future research, reflecting supervisors’ expectations, encouragement, and support. According to the Pygmalion effect, individuals who have higher positive external expectations tend to have stronger intrinsic motivation for success (Tierney and Farmer, 2004), which enhances their creative problem-solving abilities. Based on the above analysis, we propose the following hypotheses:


H3: Supervisor developmental feedback positively moderates the relationship between challenge research stressors and doctoral students’ achievement motivation, such that the positive relationship is stronger when supervisor developmental feedback is higher.

H4: Supervisor developmental feedback positively moderates the relationship between challenge research stressors and doctoral students’ research creativity, such that the positive relationship is stronger when supervisor developmental feedback is higher.
 

Integrating H2–H4, the present study further proposes the mediated moderating effect of supervisor developmental feedback. In other words, the interaction between supervisor developmental feedback and challenge research stressors affects doctoral students’ research creativity through the mediation of achievement motivation. Specifically, the more developmental feedback supervisors provide, the more instrumental and emotional support doctoral students will receive, and the better they will be able to recognize the positive aspects of challenge research stressors. This will stimulate the intrinsic motivation of doctoral students to pursue success in scientific research, which in turn will enhance their creativity in scientific research to a greater extent. Conversely, doctoral students may perceive a lack of care and support when they receive limited developmental feedback from supervisors. This perception can hinder their ability to recognize the positive aspects of challenge research stressors, ultimately reducing their confidence and motivation to achieve research goals. As a result, the effectiveness of challenge research stressors in stimulating research creativity through enhanced achievement motivation is weakened. In view of this, the following hypotheses are proposed:


H5: The positive moderating effect of supervisor developmental feedback on the relationship between challenge research stressors and doctoral students’ research creativity is mediated by achievement motivation.
 

In summary, this study developed a mediated moderation model (Figure 1) with challenge research stressors as the independent variable, research creativity as the dependent variable, achievement motivation as the mediator, and supervisor developmental feedback as the moderator.

[image: Figure 1]

FIGURE 1
 Proposed model.





Materials and methods


Participants and procedure

In this study, we imported the prepared questionnaire into the Questionnaire Star platform to generate an electronic questionnaire. Then, we distributed the electronic questionnaire to doctoral students who are currently studying through convenient sampling and snowball sampling methods with the help of social media such as WeChat. The data were collected from October 2022 to November 2022. A total of 605 doctoral students from 25 universities in mainland China participated in this survey voluntarily. After excluding invalid questionnaires with missing or contradictory information, 538 valid questionnaires were retained, resulting in an effective recovery rate of 88.9%.

Regarding the demographics of the valid sample, there were 246 (45.7%) male students and 292 (54.3%) female students. In terms of age, there were 189 (35.1%) doctoral students under 27 years old, 222 (41.3%) doctoral students between 28 and 33 years old, and 127 (23.8%) doctoral students over 34 years old. In terms of academic disciplines, 34.1% were from the humanities, 24.5% were from the social sciences, and 41.4% were from science, technology, agriculture, and medical science. In terms of university level, 349 students (64.9%) were from “double first-class” universities (refer to universities selected into first-class universities or first-class discipline construction universities in China), while 189 (35.1%) doctoral students were from “non-double first-class” universities. Regarding supervisor characteristics, male supervisors constituted 70.1%, while female supervisors made up the remaining 29.9%. In terms of the academic titles of supervisors, associate professors accounted for 19.4%, while professors comprised 80.6% of the sample.



Measures

To ensure the content validity of the study, the concepts of challenge research stressors, achievement motivation, research creativity, and supervisor developmental feedback used in this study were derived from mature scales developed by scholars. The English version questionnaire was translated into Chinese through translation-back-translation. While avoiding distortion of the questionnaire, appropriate modifications were made to the wording and language order of the questionnaire to ensure that the questionnaire used in this survey conforms to Chinese linguistic habits. Prior to the formal survey, a pre-survey was conducted with relevant personnel from the target population. The questionnaire was adjusted and modified according to the opinions of the respondents, in order to improve the accuracy of the language used in the questionnaire and the standardization of its design, thereby further enhancing the content validity of the study. The details of the measurement items of the four variables are presented in Supplementary Appendix 1. All scale questions were measured in the form of a five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). Higher numbers indicated higher levels of agreement.

Research creativity was assessed using a scale adapted from Zhou and George (2001), with slight modifications to better suit the context of doctoral education. The final scale consisted of six items, including “I can propose original and practically significant research questions” and “I can interpret the research questions from a new perspective.” The Cronbach’s α coefficient of this scale in this study was 0.878.

Challenge research stressors were measured using a scale adapted from Cavanaugh et al. (2000), with slight adjustments made to account for specific challenge stressors experienced by doctoral students. The final scale consisted of five items, including “I have a large amount of research tasks to complete” and “I often feel the pressure of time in my research work.” The Cronbach’s α coefficient of this scale in this study was 0.877.

Achievement motivation was measured using a scale developed by Man et al. (1994), with minor modifications made to align it with the research context of doctoral students. The final scale consisted of six items, such as “I like novel and difficult research tasks and am willing to take risks” and “I will be attracted to research projects where the outcome of success is uncertain.” The Cronbach’s α coefficient of this scale in this study was 0.876.

Supervisor developmental feedback was assessed using a scale adapted from Zhou (2003), with slight modification to align with the characteristics of academic supervisors. The final scale consisted of three items, such as “My supervisor provides me with useful information on how to improve my research performance” and “While giving me feedback, my supervisor focuses on helping me to learn and improve.” The Cronbach’s α coefficient of this scale in this study was 0.766.

Control variables: Previous research has shown that personal characteristics of doctoral students, such as gender, age, disciplinary categories, university level, as well as the gender and academic title of their supervisors, may influence their research creativity. This study also included them as control variables.



Data analysis

This study primarily utilized SPSS 26.0 and Mplus 7.4 software for data analysis. SPSS26.0 software is used for reliability and validity testing, descriptive statistics, correlation analysis, hierarchical regression analysis, and common method biases testing. The Mplus software is used for conducting confirmatory factor analysis (CFA), including estimating the standardized factor loadings of each item, testing convergent validity and discriminant validity of the four variables, and also examining the fit of the hypothetical model. Additionally, the bias-corrected non-parametric percentile bootstrap test method was used with the help of Mplus software to test the significance of the mediation effects and mediated moderation effects of the hypothetical model.




Results


Common method biases testing and confirmatory factor analysis

Considering that the data was obtained from teachers’ self-reports, there was a potential for common method bias. Therefore, this study utilized an anonymous questionnaire survey. An exploratory factor analysis was subsequently conducted on all scale items using Harman’s single-factor test. The results revealed that there were four factors with eigenvalues greater than one, and the first factor only explained 22.69% of the variance, which is significantly below the 40% threshold. Additionally, the results of the one-factor model confirmatory factor analysis presented in Table 1, indicated a poor model fit with X2/DF = 4.393, RMSEA = 0.123, IFI = 0.758, TLI = 0.727, CFI = 0.756, GFI = 0.697. These results suggest that common method bias was not a serious concern in the current study.



TABLE 1 Results of confirmatory factor analysis of hypothetical and competing models.
[image: Table1]

Additionally, as shown in Table 1, the fit index of the proposed four-factor model (X2/DF = 1.557; SRMR = 0.038; RMSEA = 0.050; IFI = 0.962; TLI = 0.955; CFI = 0.961; GFI = 0.901) significantly outperformed those of the other three alternative models, indicating that the hypothesized model is a better fit for the data in this study and the concepts of the four factors are mutually independent and have good discriminant validity.



Reliability and validity testing

In this study, we assessed the reliability of the scale using SPSS 26.0 (Table 2). The Cronbach’s α coefficients of the four scales exceeded 0.7, indicating a high level of internal consistency. The KMO values, which exceeded 0.7 (p < 0.001), confirmed their suitability for factor analysis. Second, the standardized factor loadings of each item in the four variables exceeded 0.5, ranging from 0.533 to 0.825; the CR values of the four variables were all greater than 0.7; the AVE values were all greater than 0.5, demonstrating that the four scales have good convergent validity. In addition, the square root of AVE for each variable was higher than the Pearson correlation coefficient between variables (Table 3), which indicates a strong discriminant validity among the four constructs again.



TABLE 2 Results of reliability and validity test.
[image: Table2]



TABLE 3 Descriptive statistics and inter-correlations.
[image: Table3]



Descriptive statistics and correlation analysis

Table 3 presents the means, standard deviations, and correlation coefficients of the variables. The results show that the mean value of challenge research stressors is 3.77, which is higher than the median value of 3. This signifies that doctoral students typically experience high research pressure. Additionally, the research creativity score has a mean value of 3.58, indicating a relatively high level of self-assessed creativity among doctoral students. The mean value of achievement motivation is 3.55, which is higher than the median value of 3. This suggests potential for improvement in students’ motivation levels. Additionally, the mean value of supervisors’ developmental feedback is 4.21, which is significantly higher than the median value of 3, indicating that doctoral students generally receive more extensive developmental feedback from their supervisors. In addition, there is a significant positive correlation between challenge research stressors, research creativity, achievement motivation, and supervisor developmental feedback. This correlation provides data support for the subsequent hypothesis testing.



Hypothesis testing


Main effect and mediating effect testing

Before conducting hierarchical regression analysis, we performed a normality test on the data and found that the data is generally normally distributed (see Supplementary Appendix 1), making it suitable for regression analysis. The regression results are presented in Table 4. Challenge research stressors had a significant positive effect on research creativity (Model 5, β = 0.536, p < 0.001), supporting H1. Moreover, Challenge research stressors were found to have a significant positive effect on achievement motivation of doctoral students (Model 2, β = 0.592, p < 0.001). When achievement motivation was introduced as a mediator alongside challenge research stressors, the predictive effect of challenge research stressors on research creativity (Model 6, β = 0.188) decreased compared to Model 5 (β = 0.538), but it remained statistically significant. Additionally, achievement motivation significantly and positively predicted research creativity (Model 6, β = 0.586, p < 0.001), providing preliminary support for H2. To further evaluate the significance of the mediating effect, this study utilize the bias-corrected non-parametric percentile Bootstrap estimation method with 5,000 random samples to test the 95% confidence interval. If the confidence interval does not contain 0, the mediating effect is considered significant. As shown in Table 5, the direct effect of challenge research stressors on research creativity was 0.189, with a 95% confidence interval of [0.068, 0.288], excluding 0, indicating the significance of the direct effect. Meanwhile, achievement motivation exhibited a mediating effect of 0.347, with a 95% confidence interval of [0.261, 0.444], which does not include 0, indicating a significant mediating role of achievement motivation between challenge research stressors and doctoral students’ research creativity. The mediating effect accounts for 64.74% of the total effect (0.536), providing further statistical support for H2.



TABLE 4 Results of regression analysis.
[image: Table4]



TABLE 5 Bootstrap test for mediating effects.
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Moderating effect of supervisor developmental feedback testing

To avoid multicollinearity issues, we mean-centered the variables of challenge research stressors and supervisor developmental feedback, and then created their interaction term. We sequentially included control variables, independent variable, moderator variable, and interaction term in the multilevel linear regression analysis with achievement motivation and research creativity as dependent variables, respectively. The results in Table 4 demonstrate that the interaction terms of challenge research stressors and supervisors’ developmental feedback had a significant and positive effect on the doctoral students’ achievement motivation (Model 4, β = 0.151, p < 0.01) and research creativity (Model 8, β = 0.140, p < 0.05), supporting H3 and H4.

To examine the moderating impact of different levels of supervisor developmental feedback on the relationship between challenge research stressors and the achievement motivation and research creativity of doctoral students, a simple slope test was conducted and graphed. Supervisor developmental feedback was dichotomized into high and low groups based on one standard deviation above and below the mean, following the approach recommended by Preacher et al. (2006). As showed in Figure 2, the positive impact of challenge research stressors on the achievement motivation of doctoral students was significantly greater in the presence of high supervisor developmental feedback (β = 0.643, p < 0.001) compared to low supervisor developmental feedback (β = 0.369, p < 0.001). This finding suggests that supervisor developmental feedback effectively moderates the relationship between challenge research stressors and doctoral students’ achievement motivation, providing further support for H3. Similarly, as shown in Figure 3, the positive effect of challenge research stressors on doctoral students’ research creativity was significantly more pronounced in the context of high supervisor developmental feedback (β = 0.589, p < 0.001) compared to low supervisor developmental feedback (β = 0.334, p < 0.001). This outcome indicates that supervisors’ developmental feedback positively moderates the relationship between challenge research stressors and doctoral students’ research creativity, further supporting H4.

[image: Figure 2]

FIGURE 2
 Moderating effect of supervisor developmental feedback between challenge research stressors and achievement motivation.
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FIGURE 3
 Moderating effect of supervisor developmental feedback between challenge research stressors and research creativity.




Mediated moderation effect of supervisor developmental feedback testing

The present study applies the sequential test of the mediated moderation effect proposed by Edwards and Lambert (2007). Firstly, we assessed the significance of the regression coefficient of the interaction term (challenge research stressors * supervisor developmental feedback) in relation to research creativity. Then we tested whether the coefficient of the interaction term on the mediator (achievement motivation) was significant. The above two steps have been supported by H3 and H4. Finally, we tested whether the coefficient for the mediator variable (achievement motivation) remained significant when added to the model exploring the moderating effect of supervisor developmental feedback on the relationship between challenge research stressors and research creativity. As shown in model 9 of Table 4, we observed that a significant and positive effect of achievement motivation on doctoral students’ research creativity (β = 0.567, p < 0.001). However, the interaction term (challenge research stressors*supervisor developmental feedback) no longer showed a significant effect on research creativity (β = 0.05, p > 0.055). These findings suggest that the moderating effect of supervisor developmental feedback on the relationship between challenge research stressors and doctoral students’ research creativity was fully mediated by achievement motivation. Therefore, H5 was supported.

To further examine the significance of achievement motivation as a mediator in the moderating effect of supervisors’ developmental feedback on the relationship between challenge research stressors and doctoral students’ research creativity, this study utilized the Bootstrap method. The sample was randomly replicated 5,000 times using Mplus7.4 software to analyze the overall model. We evaluated the 95% confidence intervals for the mediated moderation effect, deeming it significant if these intervals did not include 0. The results of this analysis showed that the indirect effect of the interaction of challenge research stressors and supervisor developmental feedback on doctoral students’ research creativity through achievement motivation was 0.297 (p < 0.001). The 95% confidence interval was [0.217, 0.401], which did not include 0, suggesting that achievement motivation mediates the interaction effect of challenge research stressors and supervisor developmental feedback on doctoral students’ research creativity, providing additional support for H5. As indicated in Table 6, the mediating effect of achievement motivation on the relationship between challenging research pressure and doctoral students’ research creativity was found to be significant at both high levels of supervisor developmental feedback (effect value = 0.377, 95% confidence interval [0.268, 0.510]) and low levels of supervisor developmental feedback (effect value = 0.216, 95% confidence interval [0.117, 0.342]). Furthermore, the difference between high and low levels was significant, with a 95% confidence interval of [0.024, 0.303]. This result confirms the validity of the mediated moderation model proposed in this study.



TABLE 6 Bootstrap test for mediated moderation effects.
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Discussion

Based on the Job Demands-Resources Model and achievement motivation theory, this study explores the relationship between challenge research stressors and doctoral students’ research creativity, as well as the underlying mechanism. Using a sample of 538 Chinese doctoral students, we found that challenge research stressors, supervisor developmental feedback, achievement motivation, and research creativity form a mediated moderation model. Challenge research stressors have a direct impact on the research creativity of doctoral students, and this influence is moderated by supervisor developmental feedback and partially mediated by achievement motivation. Moreover, doctoral students’ achievement motivation fully mediates the interaction effect of supervisor developmental feedback and challenge research stressors on the research creativity of doctoral students.

First, the present study found that challenge research stressors significantly and positively predicted doctoral students’ research creativity, which was consistent with the prior research (Ohly and Fritz, 2010; Wang et al., 2014; Gu and Chang, 2021). The Expectancy-Value Theory highlights how an individual’s motivation for completing a task depends on their perception of the likelihood of success and the value of task. In other words, the higher an individual perceives the likelihood of achieving a goal, the greater the incentive value derived from it, and the stronger their motivation becomes to accomplish the task (Wigfield and Eccles, 2000). When doctoral students encounter stressors associated with challenging research demands, they carefully assess the effort required to cope with these stressors and the potential rewards (Lazarus and Folkman, 1986). They are likely to respond positively to challenge research stressors because these stressors are manageable and achievable research tasks. This allows them to successfully cope with stressors through their own efforts (Crawford et al., 2010). Overcoming such stressors will lead to beneficial research outcomes, such as academic growth or improved research capabilities (Lepine et al., 2004). Therefore, doctoral students’ sense of competence and control increases during the process of dealing with challenge research stressors. This, in turn, enhances their intrinsic motivation and dedication to academic research, ultimately stimulating them to propose innovative topics and address research problems creatively. Furthermore, based on the categorization of stressors as “good” or “bad” by Cavanaugh et al. (2000) and Rodell and Judge (2009), challenge stressors are classified as the “good.” Doctoral students’ positive perception of challenge research stressors elicits positive emotions and enhances their research self-efficacy (Travis et al., 2020), which, in turn, promotes cognitive flexibility and encourages the pursuit of novel problem-solving approaches, ultimately enhancing their research creativity.

Second, the results of the present study showed that doctoral students’ achievement motivation partially mediated the relationship between challenge research stressors and research creativity. This result is in line with the previous study highlighting intrinsic motivation’s key role in mediating the impact of external environmental factors on individuals’ creativity (Svensson, 2015; Gao et al., 2020). Meanwhile, the finding that challenge research stressors positively predicted doctoral students’ achievement motivation was consistent with the previous study (Yao and Ma, 2021), and also validated the motivational activation characteristics of challenge stressors proposed by Lepine et al. (2004). It is generally believed that challenge research stressors can be overcome through hard work and can ultimately lead to positive results (LePine, 2022). Therefore, challenge stressors are likely to stimulate the intrinsic motivation of doctoral students to achieve their research goals. Additionally, our finding that achievement motivation significantly predicted doctoral students’ research creativity was also consistent with the conclusion of existing research (Schoen, 2015). Doctoral students with high achievement motivation tend to enjoy more challenging tasks, set higher goals, and be more persistent in the face of risky and uncertain creative activities (Dweck, 1986). Therefore, they are more likely to prioritize learning new knowledge and skills related to the tasks, and employ divergent thinking to propose solutions to problems (Gao et al., 2020).

Third, this study found that supervisor developmental feedback, as a supportive contextual resource, positively moderated the impact of challenge research stressors on doctoral students’ achievement motivation. That is, the more developmental feedback received from supervisors, the greater positive impact of challenge research stressors on students’ achievement motivation. This result is consistent with previous research findings (Vansteenkiste et al., 2009; Dupont et al., 2015), which indicate that accurate feedback and advice from supervisors can enhance students’ perceived competence and academic engagement, as well as intrinsic motivation. At the same time, this result validated the fundamental hypothesis of the job demands-resources model: in high-demand situations, sufficient job resources, such as supervisor feedback, can mitigate the negative impact of job demands and enhance individuals’ work engagement and motivation levels (Demerouti and Bakker, 2011). Specifically, when challenge research stressors become routines that doctoral students must confront, supervisor developmental feedback not only imparts valuable research insights but also signifies encouragement and support (Shang et al., 2023). This instrumental support and emotional support bolster doctoral students’ sense of meaning, efficacy, and belonging in research, and also serve as a counterbalance to the depletion of cognitive and emotional resources triggered by challenging demands (Bakker et al., 2007), which helps students effectively manage challenge research stressors and consequently enhance their intrinsic research motivation and academic engagement (Crawford et al., 2010).

Meanwhile, this study also found that supervisor developmental feedback moderated the impact of challenge research stressors on doctoral students’ research creativity. In other words, the more developmental feedback doctoral students received from their supervisors, the greater positive influence of challenge research stressors on their research creativity. On one hand, supervisor developmental feedback not only provides doctoral students with valuable research resources that equipped them to cope with challenging research demands, but also motivates doctoral students to put forward novel ideas and address complex research tasks creatively (Shang et al., 2023). On the other hand, supervisor developmental feedback, as non-performance-oriented informational feedback, helps to alleviate students’ perceived stress and foster a relaxed research atmosphere (Li et al., 2011). This environement encourages doctoral students to engage in research out of their genuine interest in science (Joo and Park, 2010). As a result, it enhances doctoral students’ divergent thinking and improves their research creativity (Runco and Acar, 2012).

Fourth, this study further found that achievement motivation fully mediated the interaction effect of supervisor developmental feedback and challenge research stressors on doctoral students’ research creativity. This finding further validated the hypothesis of the JD-R model theory: the interaction effect of high job demands and high job resources has the most significant motivational effect on individuals (Bakker et al., 2007). Under high challenging research demands, doctoral students who had access to abundant research resources were more proactive in their engagement in research work and exhibited higher level of academic enthusiasm, which triggered a “motivation activation process” (Bakker and Demerouti, 2014). In other words, doctoral students facing challenge research stressors are eager to obtain more resources, the valuable information resources provided by their supervisors’ developmental feedback can better stimulate their intrinsic motivation to pursue academic achievements, thus promoting their engagement in research activities creatively. Therefore, the positive moderating effect of supervisor developmental feedback on the relationship between challenge research stressors and doctoral students’ research creativity was completely mediated by achievement motivation.


Theoretical contributions

This study has certain theoretical contributions. Firstly, it clarifies the relationship between challenge research stressors and research creativity from a new theoretical perspective. Previous research has predominantly examined the relationship between challenge stressors and individual creativity from the perspectives of organizational support, emotion, job involvement, and cognitive evaluation, often overlooking the role of individual intrinsic motivation. Based on achievement motivation theory, this study introduces the mediating effect of achievement motivation. It reveals that achievement motivation is a crucial psychological mechanism for explaining the influence of challenge research stressors on the research creativity of doctoral students. Therefore, this finding deepens our understanding of the specific pathway through which challenge stressors affect individual creativity. Moreover, from the perspective of achievement motivation, this study considers challenge research stressors as a beneficial aspect of the research environment and confirms their positive influence on the research creativity of doctoral students, specifically in the Chinese context. This extension of stressors research effectively prompts the academic community to reconsider the impact of challenge research stressors.

Secondly, this study contributes to the existing research on the influence of supervisor behavior on the research creativity of doctoral students. Previous research has primarily focused on various supervisory guidance styles, such as paternalistic (Su et al., 2021), inclusive (Zhang et al., 2023), and abusive styles (Cohen and Baruch, 2022). However, these studies have overlooked the significance of supervisor developmental feedback in stimulating doctoral students’ research creativity, particularly in the context of challenge research stressors. In today’s context where diverse supervisory styles coexist, it is essential to recognize the distinctive role of supervisor developmental feedback compared to the above supervisory styles, since feedback implies communication and interaction between doctoral students and supervisors, which will facilitate the emergence of innovative ideas, thus enhancing the creativity of doctoral students.

Thirdly, this study provides additional empirical evidence to support and validate the underlying principles of the JD-R Model, which confirms that the development and maintenance of doctoral students’ research creativity are influenced by the interaction of environmental, supervisor, and individual factors. Moreover, this study expands the scope of the JD-R Model by demonstrating its relevance and applicability in the context of doctoral education.



Practice implications

Based on the above conclusions and discussions, this study presents the following practical recommendations. First, our findings show that challenge research stressors are positively related to doctoral students’ achievement motivation and research creativity. Consequently, supervisors should properly assign diverse and challenging tasks to doctoral students based on their research abilities and interests. They should also set reasonable and challenging research demands that provide rewarding research experiences. This can be achieved by controlling the completion time of research tasks, increasing the workload of research, and raising the innovation requirements of research. However, when setting research demands, supervisors should provide timely research support to create a “high demands-high support” motivating and support mechanism, which is important in order to avoid causing anxiety to doctoral students due to excessively challenging research requirements. Moreover, supervisors should acknowledge the individual variations in stress management abilities of doctoral students. They should pay attention to the emotional fluctuations and behavioral responses of these students, and particularly focus on satisfying their basic psychological needs for research efficacy, belonging, and autonomy. By doing so, supervisors can stimulate the academic motivation and research creativity of doctoral students. Furthermore, since encountering challenge research stressors is inevitable for doctoral students in their research work, it is crucial to promote a proper understanding of these stressors and enhance students’ psychological resilience. Academic institutions should provide regular psychological counseling and psycho-educational courses to help doctoral students learn how to actively cope with challenge research stressors.

Second, since achievement motivation positively predicts the research creativity of doctoral students, supervisors and departments can take steps to enhance it. Previous studies have shown that a supportive academic atmosphere and learning environment are key elements in enhancing students’ achievement motivation (Baeten et al., 2013; Huang et al., 2022). Therefore, it is important to create a supportive and tolerant academic environment in which doctoral students are encouraged to address research challenges. For example, creating an inclusive climate for choosing research topics, establishing novel evaluation methods that are appropriate for innovative research, recognizing and supporting individuals who are willing to confront challenges in scientific research, even in the face of setbacks. Moreover, providing various forms of research support, including academic, interpersonal, and emotional support, can help doctoral students alleviate the stress associated with their research. Excessive research pressure can erode feelings of competence and diminish motivation. However, positive social support can fulfill individuals’ basic psychological needs for competence, autonomy, and belonging, and then stimulate their motivation to achieve research goals (Chen et al., 2019). Therefore, establishing a learning support system consisting of teachers, counselors, senior teaching assistants, and classmates would be very helpful in alleviating stress among doctoral students and promoting their achievement motivation. In addition, helping doctoral students gain a sense of achievement by providing them with opportunities for success. For example, providing additional encouragement, recognition, and guidance in their presentation and implementation of creative ideas can empower doctoral students to actively engage in creative activities and enhance their research creativity through practical experience.

Third, supervisor developmental feedback is a crucial external resource for maintaining the achievement motivation of doctoral students and fostering their research creativity in a highly competitive and challenging research environment. Therefore, supervisors should provide timely academic guidance and professional feedback, offering valuable insights to enhance doctoral students’ research abilities, which will bolster their self-confidence and reinforce their drive for success. In addition, supervisors should provide timely emotional feedback, such as emotional care and psychological support, to help alleviate the confusion and uncertainty caused by academic pressure in doctoral students. This will also help strengthen their psychological resilience and foster a sense of belonging within a team. Consequently, their intrinsic academic motivation is strengthened, ultimately driving their enthusiastic involvement in research endeavors. Furthermore, academic institutions should prioritize enhancing emotional intelligence and interpersonal skills training for supervisors, and also optimize and improve the feedback methods used by supervisors. This will effectively help doctoral students cope with academic pressure, stay committed to their academic aspirations, and maintain their passion for academia.



Limitations and future direction

Although this study contributes to the existing research on the relationship between research stressors and research creativity of doctoral students, there are also some limitations. Firstly, it uses a cross-sectional design and data, which limits its ability to establish causality. Future research could employ longitudinal methods to further explore the topic. Secondly, this study analyses challenge stressors from an integration paradigm perspective. In other words, this study examines the various dimensions of challenge stressors as a whole. However, some scholars in the academic community argue that the dimensions of challenge stressors, such as time pressure and workload, should be discussed separately (Qin et al., 2022). Therefore, future research can explore the mechanisms and boundary conditions of different types of challenge stressors on individual creativity. Lastly, since all variables in this study were assessed by the doctoral students themselves, there’s a potential for social desirability bias and common method bias. Future studies could incorporate more objective measures, such as supervisor evaluations, to improve rigor and credibility.




Conclusion

The current study shows that challenge research stressors faced by doctoral students have a positive influence on their research creativity. Particularly, this influence is moderated by supervisor developmental feedback. Moreover, our results suggest a mediated moderation model, in that, achievement motivation not only partially mediates the influence of challenge research stressors on the research creativity of doctoral students, but also fully mediates the interaction effect of supervisor developmental feedback and challenge research stressors on doctoral students’ research creativity.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Ethical Approval of Hunan Normal University Biomedical Research Ethics Committee. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

CL: Writing – original draft, Conceptualization, Data curation, Formal analysis, Methodology. MW: Writing – review & editing, Investigation, Software, Supervision. XG: Project administration, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. Hunan Provincial Education and Science Planning Base Project “Research on Graduate Education Service for Regional Economic and Social Innovative Development” [XJK23AJD045].



Acknowledgments

The authors would like to acknowledge all the reviewers for their valuable comments and suggestions.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2023.1290342/full#supplementary-material



References

 Acharya, V., Rajendran, A., and Prabhu, N. (2023). Challenge and hindrance demands of doctoral education: conceptualization, scale development and validation. J. Appl. Res. High. Educ. doi: 10.1108/JARHE-10-2022-0330

 Amabile, T. M. (1988). A model of creativity and innovation in organizations. Res. Organ. Behav. 10, 123–167.

 Amabile, T. M. (1997). Motivating creativity in organizations: on doing what you love and loving what you do. Calif. Manag. Rev. 40, 39–58. doi: 10.2307/41165921

 Amabile, T. M., Conti, R., Coon, H., Lazenby, J., and Herron, M. (1996). Assessing the work environment for creativity. Acad. Manag. J. 39, 1154–1184. doi: 10.5465/256995

 Amabile, T. M., Hill, K. G., Hennessey, B. A., and Tighe, E. M. (1994). The work preference inventory: assessing intrinsic and extrinsic motivational orientations. J. Pers. Soc. Psychol. 66, 950–967. doi: 10.1037//0022-3514.66.5.950 

 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

 Amabile, T. M., Schatzel, E. A., Moneta, G. B., and Kramer, S. J. (2004). Leader behaviors and the work environment for creativity: perceived leader support. Leadersh. Q. 15, 5–32. doi: 10.1016/j.leaqua.2003.12.003

 Baer, M., and Oldham, G. R. (2006). The curvilinear relation between experienced creative time pressure and creativity: moderating effects of openness to experience and support for creativity. J. Appl. Psychol. 91, 963–970. doi: 10.1037/0021-9010.91.4.963 

 Baeten, M., Dochy, F., and Struyven, K. (2013). The effects of different learning environments on students’ motivation for learning and their achievement. Br. J. Educ. Psychol. 83, 484–501. doi: 10.1111/j.2044-8279.2012.02076.x

 Bakker, A. B., and Demerouti, E. (2007). The job demands-resources model: state of the art. J. Manag. Psychol. 22, 309–328. doi: 10.1108/02683940710733115

 Bakker, A. B., and Demerouti, E. (2014). Burnout and work engagement: the JD – R approach. Annu. Rev. Organ. Psych. Organ. Behav. 1, 389–411. doi: 10.1146/annurev-orgpsych-031413-091235

 Bakker, A. B., Hakanen, J. J., Demerouti, E., and Xanthopoulou, D. (2007). Job resources boost work engagement, particularly when job demands are high. J. Educ. Psychol. 99, 274–284. doi: 10.1037/0022-0663.99.2.274

 Binnewies, C., and Wörnlein, S. C. (2011). What makes a creative day? A diary study on the interplay between affect, job stressors, and job control. J. Organ. Behav. 32, 589–607. doi: 10.1002/job.731

 Bran, A., Lopes, N., and Lafon, M. (2023). PhD graduates’ appraisals of work demands: challenging, hindering, and not very threatening. Stud. High. Educ. 1-17, 1–17. doi: 10.1080/03075079.2023.2244963

 Breslin, D. (2019). Group creativity and the time of the day. Stud. High. Educ. 44, 1103–1118. doi: 10.1080/03075079.2017.1413082

 Brodin, E. M. (2014). Critical and creative thinking nexus: learning experiences of doctoral students. Stud. High. Educ. 41, 971–989. doi: 10.1080/03075079.2014.943656

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

 Cavanaugh, M. A., Boswell, W. R., Roehling, J. W., and Boudreau, J. W. (2000). An Empirical Examination of Self-Reported Work Stress Among U.S. Managers. J Appl Psychol. 85, 65–74. doi: 10.1037//0021-9C10.85.1.65

 Chen, C., Elliot, A. J., and Sheldon, K. M. (2019). Psychological need support as a predictor of intrinsic and external motivation: the mediational role of achievement goals. Educ. Psychol. 39, 1090–1113. doi: 10.1080/01443410.2019.1618442

 Christensen-Salem, A., Kinicki, A., Zhang, Z., and Walumbwa, F. O. (2018). Responses to feedback: the role of acceptance, affect, and creative behavior. J. Leadersh. Organ. Stud. 25, 416–429. doi: 10.1177/1548051818757691

 Cohen, A., and Baruch, Y. (2022). Abuse and exploitation of doctoral students: a conceptual model for traversing a long and winding road to academia. J. Bus. Ethics 180, 505–522. doi: 10.1007/s10551-021-04905-1

 Collins, C. J., Hanges, P. J., and Locke, E. A. (2004). The relationship of achievement motivation to entrepreneurial behavior: a Meta-analysis. Hum. Perform. 17, 95–117. doi: 10.1207/s15327043hup1701_5

 Crawford, E. R., LePine, J. A., and Rich, B. L. (2010). Linking job demands and resources to employee engagement and burnout: a theoretical extension and meta-analytic test. J. Appl. Psychol. 95, 834–848. doi: 10.1037/a0019364 

 Deci, E. L., Connell, J. P., and Ryan, R. M. (1989). Self-determination in a work organization. J. Appl. Psychol. 74, 580–590. doi: 10.1037/0021-9010.74.4.580

 Demerouti, E., and Bakker, A. B. (2011). The job demands–resources model: challenges for future research. SA J. Ind. Psychol. 37, 1–9 doi: 10.4102/sajip.v37i2.974

 De Spiegelaere, S., Van Gyes, G., and Van Hootegem, G. (2016). Not all autonomy is the same. Different dimensions of job autonomy and their relation to Work Engagement & Innovative Work Behavior. Hum. Factor. Ergon. Man. 26, 515–527. doi: 10.1002/hfm.20666

 Dupont, S., Galand, B., and Nils, F. (2015). The impact of different sources of social support on academic performance: intervening factors and mediated pathways in the case of master's thesis. Eur. Rev. Appl. Psychol. 65, 227–237. doi: 10.1016/j.erap.2015.08.003

 Dweck, C. S. (1986). Motivational processes affecting learning. Am. Psychol. 40, 1040–1048. doi: 10.1037/0003-066x.41.10.1040

 Edwards, J. R., and Lambert, L. S. (2007). Methods for integrating moderation and mediation: a general analytical framework using moderated path analysis. Psychol. Methods 12, 1–22. doi: 10.1037/1082-989X.12.1.1 

 El-Ghoroury, N. H., Galper, D. I., Sawaqdeh, A., and Bufka, L. F. (2012). Stress, coping, and barriers to wellness among psychology graduate students. Train. Educ. Profess. Psychol. 6, 122–134.

 Elshout, J. J. (1990). The nature of creativity: contemporary psychological perspectives. Acta Psychol. 75, 92–95. doi: 10.1016/0001-6918(90)90069-r

 Fan, L., Mahmood, M., and Uddin, M. A. (2019). Supportive Chinese supervisor, innovative international students: a social exchange theory perspective. Asia Pac. Educ. Rev. 20, 101–115. doi: 10.1007/s12564-018-9572-3

 Farmer, S. M., Tierney, P., and Kung-Mcintyre, K. (2003). Employee creativity in TAIWAN: an application of role identity theory. Acad. Manag. J. 46, 618–630. doi: 10.5465/30040653

 Fodor, E. M., and Carver, R. A. (2000). Achievement and power motives, performance feedback, and creativity. J. Res. Pers. 34, 380–396. doi: 10.1006/jrpe.2000.2289

 Frick, B. L., and Brodin, E. M. (2020). A return to wonderland: exploring the links between academic identity development and creativity during doctoral education. Innov. Educ. Teach. Int. 57, 209–219. doi: 10.1080/14703297.2019.1617183

 Gao, Q., Chen, P., Zhou, Z., and Jiang, J. (2020). The impact of school climate on trait creativity in primary school students: the mediating role of achievement motivation and proactive personality. Asia Pac. J. Educ. 40, 330–343. doi: 10.1080/02188791.2019.1707644

 Gemme, B., and Gingras, Y. (2012). Academic careers for graduate students: a strong attractor in a changed environment. High. Educ. 63, 667–683. doi: 10.1007/s10734-011-9466-3

 George, J. M., and Zhou, J. (2007). Dual tuning in a supportive context: joint contributions of positive mood, negative mood, and supervisory behaviors to employee creativity. Acad. Manag. J. 50, 605–622. doi: 10.5465/AMJ.2007.25525934

 Gill, P., and Burnard, P. (2008). The student-supervisor relationship in the phD/doctoral process. Br. J. Nurs. 17, 668–671. doi: 10.12968/bjon.2008.17.10.29484 

 Gu, J., and Chang, Q. (2021). Research on the relationship between doctoral Students' stressors and research performance. High. Educ. Expl. 37, 40–46.

 Hammond, M. M., Neff, N. L., Farr, J. L., Schwall, A. R., and Zhao, X. (2011). Predictors of individual-level innovation at work: a meta-analysis. Psychol. Aesthet. Creat. Arts 5, 90–105. doi: 10.1037/a0018556

 Han, J., Yin, H., Wang, J., and Bai, Y. (2020). Challenge job demands and job resources to university teacher well-being: the mediation of teacher efficacy. Stud. High. Educ. 45, 1771–1785. doi: 10.1080/03075079.2019.1594180

 Hobfoll, S. E. (1989). Conservation of resources: a new attempt at conceptualizing stress. Am. Psychol. 44, 513–524. doi: 10.1037/0003-066X.44.3.513 

 Hobfoll, S. E. (2011). Conservation of resource caravans and engaged settings. J. Occup. Organ. Psychol. 84, 116–122. doi: 10.1111/j.2044-8325.2010.02016.x

 Horan, K. A., Nakahara, W. H., DiStaso, M. J., and Jex, S. M. (2020). A review of the challenge-hindrance stress model: recent advances, expanded paradigms, and recommendations for future research. Front. Psychol. 11:560346. doi: 10.3389/fpsyg.2020.560346 

 Horta, H., and Li, H. (2022). Nothing but publishing: the overriding goal of PhD students in mainland China, Hong Kong, and Macau. Stud. High. Educ. 48, 263–282. doi: 10.1080/03075079.2022.2131764

 Huang, J., Qiao, T., Song, Z., and Yan, J. (2022). How does the social support influence junior college students’ occupational identity in pre-school education? Front. Psychol. 13:884606. doi: 10.3389/fpsyg.2022.884606 

 Joo, B. K. B., and Park, S. (2010). Career satisfaction, organizational commitment, and turnover intention. Leadersh. Organ. Dev. J. 31, 482–500. doi: 10.1108/01437731011069999

 Kandler, C., Riemann, R., Angleitner, A., Spinath, F. M., Borkenau, P., and Penke, L. (2016). The nature of creativity: the roles of genetic factors, personality traits, cognitive abilities, and environmental sources. J. Pers. Soc. Psychol. 111, 230–249. doi: 10.1037/pspp0000087 

 Lazarus, R. S. (1993). From psychological stress to the emotions: a history of changing outlooks. Annu. Rev. Psychol. 44, 1–22. doi: 10.1146/annurev.ps.44.020193.000245

 Lazarus, R. S., and Folkman, S. (1986). Cognitive theories of stress and the issue of circularity. Dynam. Stress. doi: 10.1007/978-1-4684-5122-1_4

 LePine, J. A., LePine, M. A., and Jackson, C. L. (2004). Challenge and hindrance stress: relationships with exhaustion, motivation to learn, and learning performance. J. Appl. Psychol. 89, 883–891. doi: 10.1037/0021-9010.89.5.883 

 Lepine, J. A., Podsakoff, N. P., and Lepine, M. A. (2005). A Meta-analytic test of the challenge stressor–hindrance stressor framework: an explanation for inconsistent relationships among stressors and performance. Acad. Manag. J. 48, 764–775 doi: 10.5465/AMJ.2005.18803921

 LePine, M. A. (2022). The challenge-hindrance stressor framework: an integrative conceptual review and path forward. Group Org. Manag. 47, 223–254. doi: 10.1177/10596011221079970

 Lesener, T., Gusy, B., Jochmann, A., and Wolter, C. (2020). The drivers of work engagement: a meta-analytic review of longitudinal evidence. Work Stress. 34, 259–278. doi: 10.1080/02678373.2019.1686440

 Li, J., and Xue, E. (2021). Characterizing graduate education development for creating world-class universities: evidence from doctoral education in China. Educ. Philos. Theory 54, 1878–1886. doi: 10.1080/00131857.2021.1948834

 Li, N., Harris, T. B., Boswell, W. R., and Xie, Z. (2011). The role of organizational insiders' developmental feedback and proactive personality on newcomers' performance: an interactionist perspective. J. Appl. Psychol. 96, 1317–1327. doi: 10.1037/a0024029 

 Liu, F., Qu, S., Fan, Y., Chen, F., and He, B. (2023). Scientific creativity and innovation ability and its determinants among medical postgraduate students in Fujian province of China: a cross sectional study. BMC Med. Educ. 23:444. doi: 10.1186/s12909-023-04408-9 

 Li, Z., Dai, Y., Han, X., and Li, R. (2018). Impact of challenge-hindrance scientific stress on knowing sharing behavior. Chin. J. Clin. Psych. 26, 363–366. doi: 10.16128/j.cnki.1005-3611.2018.02.032

 Man, F., Nygard, R., and Gjesme, T. (1994). The achievement motives scale (AMS): theoretical basis and results from a first try - out of a Czech form. Scand. J. Educ. Res. 38, 209–218. doi: 10.1080/0031383940380304

 Ma, Y., Wu, D., and Liu, X. (2019). The influence of supervisor-students relationship on doctoral Students' creativity: the mediating role of academic interest. Tsinghua J. Educ. 40, 117–125. doi: 10.14138/j.1001-4519.2019.06.011709

 McCauley, K. D., and Hinojosa, A. S. (2020). Applying the challenge-hindrance stressor framework to doctoral education. J. Manag. Educ. 44, 490–507. doi: 10.1177/1052562920924072

 Montani, F., Courcy, F., and Vandenberghe, C. (2017). Innovating under stress: the role of commitment and leader-member exchange. J. Bus. Res. 77, 1–13. doi: 10.1016/j.jbusres.2017.03.024

 Ohly, S., and Fritz, C. (2010). Work characteristics, challenge appraisal, creativity, and proactive behavior: a multi-level study. J. Organ. Behav. 31, 543–565. doi: 10.1002/job.633

 Oldham, G. R., and Cummings, A. (1996). Employee creativity: personal and contextual factors at work. Acad. Manag. J. 39, 607–634. doi: 10.5465/256657

 Pan, B., and Gu, J. (2022). What are the factors that affect Postgraduates' innovation ability in the training process. Jiangsu High. Educ. 38, 74–81. doi: 10.13236/j.cnki.jshe.2022.02.010

 Podsakoff, N. P., LePine, J. A., and LePine, M. A. (2007). Differential challenge stressor-hindrance stressor relationships with job attitudes, turnover intentions, turnover, and withdrawal behavior: a meta-analysis. J. Appl. Psychol. 92, 438–454. doi: 10.1037/0021-9010.92.2.438 

 Preacher, K. J., Curran, P. J., and Bauer, D. J. (2006). Computational tools for probing interactions in multiple linear regression, multilevel modeling, and latent curve analysis. J. Educ. Behav. Stat. 31, 437–448. doi: 10.3102/10769986031004437

 Qin, L., Lu, J., Zhou, Y., Wijaya, T. T., Huang, Y., and Fauziddin, M. (2022). Reduction of academic burnout in preservice teachers: PLS-SEM approach. Sustainability 14:13416. doi: 10.3390/su142013416

 Rodell, J. B., and Judge, T. A. (2009). Can “good” stressors spark “bad” behaviors? The mediating role of emotions in links of challenge and hindrance stressors with citizenship and counterproductive behaviors. J. Appl. Psychol. 94, 1438–1451. doi: 10.1037/a0016752 

 Runco, M. A., and Acar, S. (2012). Divergent thinking as an Indicator of creative potential. Creat. Res. J. 24, 66–75. doi: 10.1080/10400419.2012.652929

 Ryan, R. M., and Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, social development, and well-being. Am. Psychol. 55, 68–78. doi: 10.1037//0003-066x.55.1.68 

 Sacramento, C. A., Fay, D., and West, M. A. (2013). Workplace duties or opportunities? Challenge stressors, regulatory focus, and creativity. Organ Behav Hum Decis Process. 121, 141–157. doi: 10.1016/j.obhdp.2013.01.008

 Sawhney, G., and Michel, J. S. (2022). Challenge and hindrance stressors and work outcomes: the moderating role of day-level affect. J. Bus. Psychol. 37, 389–405. doi: 10.1007/s10869-021-09752-5

 Schoen, J. L. (2015). Effects of implicit achievement motivation, expected evaluations, and domain knowledge on creative performance. J. Organ. Behav. 36, 319–338. doi: 10.1002/job.1982

 Shalley, C. E. (1995). Effects of coaction, expected evaluation, and goal setting on creativity and productivity. Acad. Manag. J. 38, 483–503. doi: 10.5465/256689

 Shalley, C. E., and Oldham, G. R. (1997). Competition and creative performance: effects of competitor presence and visibility. Creat. Res. J. 10, 337–345. doi: 10.1207/s15326934crj1004_5

 Shalley, C. E., Zhou, J., and Oldham, G. R. (2004). The effects of personal and contextual characteristics on creativity: where should we go from Here? J. Manag. 30, 933–958. doi: 10.1016/j.jm.2004.06.007

 Shang, Y., Xu, J., and Liu, H. (2023). Supervisor developmental feedback and postgraduate student creativity: a relationship quality perspective. High. Educ. doi: 10.1007/s10734-023-01012-0

 Story, P. A., Hart, J. W., Stasson, M. F., and Mahoney, J. M. (2009). Using a two-factor theory of achievement motivation to examine performance-based outcomes and self-regulatory processes. Personal. Individ. Differ. 46, 391–395. doi: 10.1016/j.paid.2008.10.023

 Su, F., and Zhang, J. (2020). Proactive personality and innovative behavior: a moderated mediation model. Soc. Behav. Personal. Int. J. 48, 1–12. doi: 10.2224/sbp.8622

 Su, H., Bai, L., and Zhang, J. (2021). On the influence of Supervisors' paternalistic guidance style on Postgraduates' creative behaviors. Academic Degrees & Graduate Education, 38, 57–66. doi: 10.16750/j.adge.2021.06.009

 Sun, Y., Hu, X., and Ding, Y. (2019). Learning or relaxing: how do challenge stressors stimulate employee creativity? Sustainab. Basel 11:1779. doi: 10.3390/su11061779

 Su, W., Qi, Q., and Yuan, S. (2022). A moderated mediation model of academic supervisor developmental feedback and postgraduate student creativity: evidence from China. Behav. Sci. 12:484. doi: 10.3390/bs12120484 

 Svensson, N. (2015). Subjective experiences of creative work after negative feedback. Think. Skills Creat. 15, 26–36. doi: 10.1016/j.tsc.2014.11.002

 Tierney, P., and Farmer, S. M. (2004). The Pygmalion process and employee creativity. J. Manag. 30, 413–432. doi: 10.1016/j.jm.2002.12.001

 Tierney, P., Farmer, S. M., and Graen, G. B. (1999). An examination of LEADERSHIP and employee creativity: the relevance of traits and relationships. Pers. Psychol. 52, 591–620. doi: 10.1111/j.1744-6570.1999.tb00173.x

 Travis, J., Kaszycki, A., Geden, M., and Bunde, J. (2020). Some stress is good stress: the challenge-hindrance framework, academic self-efficacy, and academic outcomes. J. Educ. Psychol. 112, 1632–1643. doi: 10.1037/edu0000478

 Utman, C. H. (1997). Performance effects of motivational state: a Meta-analysis. Personal. Soc. Psychol. Rev. 1, 170–182. doi: 10.1207/s15327957pspr0102_4 

 Vansteenkiste, M., Sierens, E., Soenens, B., Luyckx, K., and Lens, W. (2009). Motivational profiles from a self-determination perspective: the quality of motivation matters. J. Educ. Psychol. 101, 671–688. doi: 10.1037/a0015083

 Wallace, J. C., Edwards, B. D., Arnold, T., Frazier, M. L., and Finch, D. M. (2009). Work stressors, role-based performance, and the moderating influence of organizational support. J. Appl. Psychol. 94, 254–262. doi: 10.1037/a0013090 

 Wang, X., Lin, S., and Chen, L. (2014). The influence mechanism of challenge-hindrance academic stressor on academic performance: the mediating effects of academic anxiety and achievement motivation. Sci. Sci. Manag. ST 35, 23–30.

 Weiner, B. (1985). An attributional theory of achievement motivation and emotion. Psychol. Rev. 92, 548–573. doi: 10.1007/978-1-4612-4948-1_6 

 Whitelock, D., Faulkner, D., and Miell, D. (2008). Promoting creativity in PhD supervision: tensions and dilemmas. Think. Skills Creat. 3, 143–153. doi: 10.1016/j.tsc.2008.04.001

 Wigfield, A., and Eccles, J. S. (2000). Expectancy–value theory of achievement motivation. Contemp. Educ. Psychol. 25, 68–81. doi: 10.1006/ceps.1999.1015

 Wijaya, T. T., Rahmadi, I. F., Chotimah, S., Jailani, J., and Wutsqa, D. U. (2022). A case study of factors that affect secondary school mathematics achievement: teacher-parent support, stress levels, and students’ well-being. Int. J. Environ. Res. Public Health 19:16247. doi: 10.3390/ijerph192316247 

 Woodman, R. W., Sawyer, J. E., and Griffin, R. W. (1993). Toward a theory of organizational creativity. Acad. Manag. Rev. 18, 293–321. doi: 10.5465/amr.1993.3997517

 Wu, D., Ma, Y., and Yang, Y. (2019). The Influnce of supervisor-student relationship and peer learning community on doctoral Students' creativity. Acad. Degr. Grad. Educ., 36, 55–60. doi: 10.16750/j.adge.2019.10.010

 Wu, S., Gao, W., and Quan, Y. (2021). The impact of work pressure on Employees' Creavitity--the chain mediating effect of regulatory focus and creative self-efficacy. Sci. Technol. Progr. Policy 38, 132–140. doi: 10.6049/kjjbydc.2020070800

 Wu, Y., Wei, Y., Shi, Y., and Li, M. (2018). The influence of Tutor's guidance style on the innovative ability of graduate students with different levels of Initiaitve: an investigation of nine universities. Fudan Educ. Forum 16, 74–79. doi: 10.13397/j.cnki.fef.2018.03.012

 Xie, L., Jin, H., Wang, Z., Ye, Q., and Yang, X. (2023). The effect of supervisor-induced ostracism on scientific research: mediation roles of research self-efficacy and scientific anxiety. Psychol. Dev. Educ. 39, 833–841. doi: 10.16187/j.cnki.issn1001-4918.2023.06.09

 Yang, Y., and Li, X. (2021). The impact of challenge and hindrance stressors on thriving at work double mediation based on affect and motivation. Front. Psychol. 12:613871. doi: 10.3389/fpsyg.2021.613871 

 Yao, H., and Ma, L. (2021). The influence of challenge-obstacle scienfic research stress on postgraduate psychological anxiety: the mediating role of achievement motivation and self-efficacy. China High. Educ. Res. 37, 79–85. doi: 10.16298/j.cnki.1004-3667.2021.05.11

 Yin, K., Sun, J., Xing, L., and Yang, X. (2016). The effect of graduate Students' research role identification on research Creavitity: role of Mentor's Inlcusive Leadership and error management culture. Psychol. Dev. Educ. 32, 557–564. doi: 10.16187/j.cnki.issn1001-4918.2016.05.06

 Yin, K., Xu, Y., Song, H., and Xing, L. (2018). Research experiences, error management climate and enhancement of research creativity. Sci. Res. Manag. 39, 169–176. doi: 10.19571/j.cnki.1000-2995.2018.09.019

 Yuan, B., and Yan, J. (2009). Analyses of Present Condition of the Graduates’ Innovative Capability and Its Influencing factors: Based on Three Large-scale Quaity Surveys of Graduate Education in China. Peking Univ. Educ. Res. 7, 12–20. doi: 10.19355/j.cnki.1671-9468.2009.02.003

 Zeng, J., and Zhang, G. (2022). Research on the influence mechanism of free explorative Supervisors' guidance styles on doctoral Students' innovation behavior. J. Northeastern Univ. 24, 117–125. doi: 10.15936/j.cnki.1008-3758.2022.06.015

 Zhang, J., Tang, J., Xie, K., and Zhang, Y. (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, Y., Liao, J., and Zhao, J. (2013). The impact of research stress on the academic misconduct of PhD candidates. Sci. Res. Manag. 34, 99–107. doi: 10.19571/j.cnki.1000-2995.2013.04.013

 Zhao, D., Wu, J., and Gu, J. (2021). Can high leader–member exchange spark low creativity among graduate students? The role of stress and personal initiative. Curr. Psychol. 40, 4488–4499. doi: 10.1007/s12144-019-00389-5

 Zheng, Y., Li, Z., and Xiao, M. (2022). How can Supervisors' ability improve Postgraduates' research performance: based on the Furvey of five "double first-class" universities. J. Grad. Educ. 37, 43–52. doi: 10.19834/j.cnki.yjsjy2011.2022.06.06

 Zhou, J. (2003). When the presence of creative coworkers is related to creativity: role of supervisor close monitoring, developmental feedback, and creative personality. J. Appl. Psychol. 88, 413–422. doi: 10.1037/0021-9010.88.3.413 

 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: 10.5465/3069410



OPS/xhtml/Nav.xhtml




Contents





		Cover



		The influence of challenge research stressors on research creativity among Chinese doctoral students: a mediated moderation model



		Introduction



		Literature review and hypotheses development



		Challenge research stressors and doctoral students’ research creativity



		The mediating role of achievement motivation



		The moderating role of supervisor developmental feedback









		Materials and methods



		Participants and procedure



		Measures



		Data analysis









		Results



		Common method biases testing and confirmatory factor analysis



		Reliability and validity testing



		Descriptive statistics and correlation analysis



		Hypothesis testing



		Main effect and mediating effect testing



		Moderating effect of supervisor developmental feedback testing



		Mediated moderation effect of supervisor developmental feedback testing















		Discussion



		Theoretical contributions



		Practice implications



		Limitations and future direction









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in f

The inufl ence of challenge
research stressors on research
creativity among Chinese doctoral
students: a mediated moderation
model












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
' frontiers Frontiers in Psychology






OPS/images/fpsyg-14-1290342-t002.jpg
\ELELIES Factor loadings p-valu CR AVE Cronbach'’s a KMO

CRSI 0.697 <0.001
CRS2 0.807 <0.001
Challenge Research
CRS3 0.749 <0.001 088 059 0.874 0.860
Stressors
CRS4 0815 <0.001
CRSS 0773 <0.001
RCI 0770 <0.001
RC2 0757 <0.001
RC3 0.664 <0.001
Research Creativity 088 055 0878 0899
RC4 0.694 <0.001
RCS 0731 <0.001
RC6 0817 <0.001
AMI 0752 <0.001
AM2 0790 <0.001
AM3 0.801 <0.001
Achievement Motivation 088 055 0876 0.868
AMd4 0.796 <0.001
AM5 0731 <0.001
AM6 0533 <0.001
SDFI 0825 <0.001
Supervisor
SDF2 0.746 <0.001 079 0.56 0.788 0.700
Developmental Feedback
SDF3 0.663 <0.001

: composite reliability; AVE: average variance extracted.






OPS/images/fpsyg-14-1290342-t003.jpg
\ELELIES Means SD 1

1. Challenge research stressors 377 075 077
2. Research creativity 358 071 0.558%** 0.74

3. Achievement motivation 355 071 0.615%** 0.720%** 0.74
4. Supervisor developmental feedback 421 068 0373455 0.289% 0320

538 *** indicates p<0.001, ** indicates p<0.01, * indicates p<0.05 (two-tailed test). The bold number is the square root of AVE.





OPS/images/fpsyg-14-1290342-g003.jpg
Research creativity

12

11.54

-
B e

—+— Low supervisor
developmental
feedback

-~ High supervisor
developmental
feedback

Low challenge research High challenge research
stressors stressors






OPS/images/fpsyg-14-1290342-t001.jpg
Models X2 DF X?/DF SRMR RMSEA IFI CFI TLI GFI

four-factor model CRS, RC, AM, SDF 2554 164 1557 0038 0050 0.962 0961 0.955 0901
three-factor model CRS, RC+ AM, SDF 349.1 167 209 0044 0069 0.924 0923 0912 0850
two-factor model CRS +SDF + AM, RC 6223 169 3682 0.065 0.109 0.810 0.808 0.784 0746
one-way model CRS +RC+ AM+SDF 746.6 170 4393 0071 0123 0.758 0756 0727 0697

38. CRS stands for Challenge Research Stressors, RC stands for Research Creativity, AM stands for Achievement Motivation, and SDE stands for Supervisor Developmental Feedback.





OPS/images/fpsyg-14-1290342-t006.jpg
Supervisor Estimated effect

developmental feedback

Standard error

95% Confidence
intervals

Challenge research stressors
— Achievement motivation

 Research creativity

38.

M-1SD 0216
M+1SD 0377
The difference 0.161

0058
0.061

0072

0.117,0342)
0268,0510]

[0.024,0.303]





OPS/images/fpsyg-14-1290342-t004.jpg
Variables Achievement Motivation Research creativity

Model1 Model2 Model3 Model4 Model5 Model6 Model7 Model8 Model 9

Gender ~0.060 =0.065 —0.062 =0.052 —0.004 0.031 —=0.009 0.000 0.029
Age 0.232%* 0.133% 0.139% 0.141% 0113 0.022 0.105 0.107 0.027
Discipline 0075 0.045 0.049 0.044 0.060 0.027 0.056 0.052 0.027
Institution level =0.057 ~0.066 —0.089 —0.090 —0.056 —0.013 —0.072 —0.073 —0.022
Gender of supervisor ~0073 -0107 | -0.107* 0095 ~0040 0022 ~0047 ~0036 0017
Academic title of supervisor =0.059 —0.070 —0.073 —0.092 —0.047 —0.006 —0.054 —0.072 —0.019
Challenge research stressors 0.592%% 0.541%%% 0.536%+* 0.536%+* 0.188%* 0.494%%% 0.489%+# 0.185%*
Supervisor developmental feedback 0.136% 01845 o112 0.156% 0052
Achievement Motivation 0.586%%% 0.567%%%
Challenge research stressors* 0.151%% 0.140% 0.055
supervisor developmental feedback

I3 0.100 0437 0.452 0472 0352 0546 0363 0380 0549
Adjusted R* 0071 0416 0430 0.448 0329 0527 0336 0351 0526
AR 0.100 0337 0.015 0.020 0276 0.194 0.286 0.017 0.169

F 3467 2L144%FF | 19.908%F | 19321%FF  14827%FF | 28.995%WF | 13726%%*  13238%*% | 23831%%r






OPS/images/fpsyg-14-1290342-t005.jpg
Estimated effect Standard error 95% Confidence

Model paths

Effect size

Challenge research stressors
— Achievement motivation

~ Research creativity

38.

intervals
Total effect 0536 0053 0402, 0.609]
direct effect 0.189 0056 [0.068, 0.288]
Indirect effect 0347 0047 [0261,0.444]

35.26%

64.74%





OPS/images/fpsyg-14-1290342-g001.jpg
Achievement
Motivation

Supervisor
Developmental
Feedback

Challenge
Research Stressors

Scientific Research
Creavitity






OPS/images/fpsyg-14-1290342-g002.jpg
Achievement motivation

—+— Low supervisor
developmental
feedback

--#- High supervisor
developmental
feedback

Low challenge resarch High challenge research
stressors stressors





