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Abstract: Background: Doctoral students have much higher risk of anxiety or depression than general population. Doctoral students worldwide are facing varying degrees of mental health risks. Method: Based on the survey data of 6,812 doctoral students worldwide in Nature in 2019, Probit and Logit models are used to explore the correlation between the fit of doctoral education and training process and the mental health of doctoral students. Results: (1) The training environment fit of doctoral students has a significant positive impact on their mental health. (2) The academic profession fit of doctoral students has a significant positive impact on their mental health. (3) The organizational culture fit of doctoral students has a significant positive impact on their mental health. (4) The financial support fit of doctoral students has a significant positive impact on their mental health. Conclusion: The higher the degree of doctoral students’ training environment fit, academic profession fit, organizational culture fit, and financial support fit, the lower the possibility of anxiety or depression among doctoral students. The current research results can help reveal extensive factors that affect the mental health of doctoral students, facilitate the planning and development of effective intervention measures by universities, improve the fit of the doctoral education and training process, improve the mental health of doctoral students, and boost academic excellence.
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1  Introduction

In the era of knowledge economy, those with a doctoral degree are vital to the social development, and there is a strong demand for researchers in the productive service industry and high-tech industries. At the same time, in most countries around the world, doctoral degree is a prerequisite for knowledge production and transformation in higher education institutions. However, doctoral students face much higher risk of anxiety or depression than the general population, and doctoral students worldwide are experiencing varying degrees of mental health risks. The University of California, Berkeley conducted a survey among 790 postgraduate students, and nearly half of the doctoral students in the survey met the criteria for depression [1]. The study by Levecque et al. [2] also found that 32% of doctoral students are at risk of developing a common mental illness, especially depression. This has affected the turnover rate of doctoral education to a certain extent. Several studies on doctoral students reveal that, depending on different disciplines and countries, the dropout rate for doctoral students is between 30% and 50% [3]. The COVID-19 epidemic has exacerbated the mental health challenges of doctoral students. A survey pointed out that the prevalence of major depressive disorder is as high as 36%, and the prevalence of general anxiety disorder is as high as 43% [4]. The mental health of doctoral students has become one key issue to be urgently solved in the academic circle.

In the long doctoral career, the high research risk and daily hardship may breed feelings of loneliness and personal failure. Complicated experiments make working hours unpredictable, which will distort the balance between work and life and produce a sense of loss of control [5]. Academic completion brews under the factors of isolation, high expectations, and insomnia, which may contribute to debilitating depression, painful anxiety attacks, and even suicide attempts [6]. Fear of failure, low expectations for long-term career development and job security tend to make doctoral students anxious, and implementing multiple research projects at the same time is more likely to overload doctoral students lacking organizational skills, leading to burnout. Compared with other groups, the academic community faces greater risks than many people. Pressure from publishing, creating impact, winning funds, striving for tenure, attracting the public, showing up on social media, influencing policy, plus experiment failure, lonely jobs, and rigid hierarchies are all threats to the well-being of researchers including doctoral students [7].

In the traditional view, universities are a relatively low-stress field in society, and doctoral students are highly selected high-level talents, but psychological distress such as depression and anxiety is widespread in the process of doctoral training and has become a key factor influencing the completion time of doctoral study [8]. When doctoral students experience constant and frequent stress or depression in academic and daily life, it may make doctoral students abandon their studies. Such a high rate of personnel turnover will make it difficult for doctoral education to attract extraordinary talents, which will endanger the rate and quality of academic knowledge production. In addition, due to the original contribution to the basic scientific knowledge in the doctoral dissertation, the work of doctoral students themselves constitutes the main source of scientific progress. If there are a considerable number of doctoral students with mental health problems, it may affect the overall quality and quantity of personal research results, and bring greater costs to research institutions or research teams [9]. Therefore, it is imperative to pay attention to the mental health of doctoral students.

2  Literature Review

The World Health Organization’s statistical report shows that globally, it is estimated that more than 300 million people suffer from depression, which is equivalent to 4.4% of the world’s population. The number of people with common mental disorders is on the rise globally, especially in low-income countries. Depression affects people of all age groups in all walks of life. Life events such as poverty, unemployment, death of relatives or relationship breakdown, physical illness, and problems caused by alcohol and drug use all increase the risk of depression [10]. Depressive disorder has become the leading cause of non-fatal health loss in countries around the world. By comparison, doctoral students face higher risk of depression or anxiety, and the training process is full of factors that induce mental health among the group. In the group of doctoral students, depression, anxiety, and isolation are so widespread that some people refer to this experience as “doctoral depression” [11]. For doctoral students, the training process is often relatively closed and the communication groups are limited. In the limited development space, potential conflicts between doctoral students and their supervisors, research uncertainty, lack of financial support, difficulty in working-life balance, poor physical health, and individual personality characteristics may all trigger anxiety or depression among doctoral students to a certain extent. In this regard, in 2019, a survey article published in the journal Nature also showed that doctoral students have higher levels of depression, anxiety and stress than the general population [12]. Since better well-being of doctoral students contributes to the long-term benefits of academia and higher education [13], mental health of doctoral students urgently demands in-depth research in academia to provide evidence for effective interventions.

Then, what factors can induce mental health problems among doctoral students? Specifically, the factors leading to mental health among doctoral students can be divided into internal factors and external factors. In terms of internal factors, the mental health of doctoral students is mainly affected by the individual psychological characteristics of doctoral students. If doctoral students tend to compare with others and have perfectionist tendencies, they will be prone to “impostor syndrome.” The academic circle refers to this phenomenon as “imposter phenomenon”, which is used to refer to a false inner experience of intelligence [14]. This is a recognized disease, and many researchers face the disease risk at almost every stage of their careers. When doctoral students struggle with the feeling that they do not deserve to be a junior researcher at all, it may make the journey of doctoral study extremely difficult [15]. They fall into a panic state after comparing themselves with others unfavorably. In fact, in some fields, it may take years to achieve a breakthrough in publication, while in other cases, frequent publication is much easier [16]. However, it is very difficult to maintain personal identity in a highly turbulent and stressful career, and individuals will easily lose self-awareness [17]. For a researcher in training, maintaining mental health may be contradictory in terms of terminology. Many doctoral students are free to engage in the scientific field of their choice, at least in theory, have the opportunity to become a leading researcher in this field. However, frequent publication of papers, independent research, continuous application for funds, and meeting the needs of supervisors can cause a lot of emotional and mental tension, anxiety and pressure. These barriers will create a negative impact on the emotional health of doctoral students, especially when they do not anticipate such barriers or do not know how to overcome them [18].

At the same time, the deterioration of external environmental factors during the training of doctoral students often induces mental health problems among doctoral students. Researchers such as Pyhältö et al. [19] have identified four problem domains experienced by doctoral students: supervisors and academic communities, resources, domain-specific expertise, and general workflow. The frequency of meeting with supervisors, the difficulty of publishing doctoral dissertations, and the difficulty in balancing work-family-doctoral programs are correlated with depression and anxiety levels [20]. In the early stages of doctoral research, the importance of academic support for the mental health and well-being of doctoral students is obvious. Among them, the most important support provider is the supervisor, and positive supervisor support is crucial to responding to early challenges [21]. A supervisor is a guide for students to adapt to the academic community. An inharmonious relationship with the supervisor can also cause anxiety and stress [22]. For doctoral students, academic identity is the professional identity established by doctoral students in their cultivation, which is the core to the cultivation of doctoral students as young researchers [23]. When doctoral supervisors lack sufficient patience, experience, and research ability, they may not communicate well with doctoral students, which may lead to misunderstandings or false expectations. Although doctoral students may have made a deliberate choice before choosing to pursue a doctoral degree, if they cannot receive effective professional guidance, sufficient financial support, and develop ability to adapt to academic career, while their own autonomy cannot help them fully integrate into the academic community, the negative emotions of anxiety and depression may further affect the scientific research performance of doctoral students, and then trigger deeper psychological problems. In other words, the degree of fit between doctoral students and elements in the training process such as supervisors, academic communities, resource elements, academic careers, etc., will affect the mental health of doctoral students. When doctoral students can be reasonably engaged in the training process through a normal path, individual’s mental health will be better; conversely, when doctoral students cannot be engaged in the doctoral training process in a timely and effective manner due to absence of many elements, the individual’s well-being will decrease, inducing individual-level anxiety or depression.

However, the existing research still has three deficiencies. First, data is incomplete, and the research sample is usually only applicable to a single university or region. International data is scarce and non-standardized, and a larger scale of work is needed to understand the extent of mental health problems, and how specific aspects of doctoral students and the general academic environment contribute to these problems [24]. Second, there is no effective theoretical analysis framework that systematically sorts out and compares the factors affecting the mental health of doctoral students. If institutions and academic stakeholders ignore the structural driving factors of mental health problems among early career researchers, they will not be able to retain them [25]. Third, there may be an interaction between related variables that affect the mental health of doctoral students. The information contained in the variables is inevitably overlapping with each other, and it is impossible to simply correlate the training process variables of doctoral students with their mental health. Considering the above three aspects, in view of the central role of doctoral students in national technological competitiveness, to secure the quality of doctoral education and scientific research results of doctoral students, it is necessary to pay more attention to the environmental factors that induce doctoral students’ anxiety or depression, and enhance the fit of doctoral education and training process. At present, there is no research that comprehensively discusses the entire range of stressors that induce doctoral students’ bad emotions. It is still necessary to think about how to conduct research in a way that takes into account the entire doctoral education environment, and perform more in-depth and consistent research on the impact of doctoral education and training on the mental health of doctoral students [26]. Therefore, we should thoroughly conduct more comprehensive and systematic research on the factors that affect the mental health of doctoral students. This research is based on the survey data of 6,812 doctoral students in Nature in 2019, and introduces the fit theory in organization theory, with a view to revealing widespread factors that affect the mental health of doctoral students, which will help plan and develop effective intervention measures for universities, improve the fit of the doctoral education and training process, enhance the mental health of doctoral students, and boost academic excellence.

3  Theoretical Analysis and Research Hypotheses

Fit theory originates from organization theory, which believes that when there is consistency between personal values and their organization, tasks or social structure, then personal performance, satisfaction or happiness will grow [27]. The fit theory is a complex, multi-dimensional and dynamic concept, and the ever-changing educational situation requires the introduction of new theoretical perspectives and methods to study doctoral education and student experience. For this reason, Baker et al. [28] have demonstrated from the theoretical level the applicability of the popular theories of person-environment fit, person-culture fit and person-vocation fit in organizational literature to the research of doctoral education, providing a new perspective for understanding the factors that cause the psychological dilemma of students in the process of doctoral education. Theoretically, by applying the fit theory to research, it is possible to examine the relationship between the mental health of doctoral students and the environment of their training process, reveal the multiple key factors that form a fit perception among doctoral students, as well as the antecedents and corresponding consequence of these processes. Accordingly, based on Ward et al. [29] theoretical analysis framework of doctoral education fit, this research focuses on investigating the impact of training environmental fit, academic profession fit, organizational culture fit, and financial support fit on the mental health of doctoral students.

(1) The impact of cultivation environment fit on the mental health of doctoral students

Training environment fit refers to the compatibility between individual doctoral students and the training environment. For doctoral students, they may be exposed to multiple environment aspects at the same time, mainly including the relationship between doctoral students and their supervisors, the fit of supervisor guidance and other faculty and staff’s guidance, the fit with cooperative groups, and the fit with individual autonomy. Under normal circumstances, the relationship with the supervisor is an important factor that triggers the problem of doctoral education [30]. Brockman et al. [31] believe that the relationship between doctoral students and faculty members is a crucial determinant in the quality of postgraduate experience. The common understanding between supervisors and students is important for the well-being of doctoral students, and the expectation conflictions between the students and supervisors are regarded as one obstacle to the effective completion of the doctoral research [32]. The continuous destructive friction between students and the learning environment can lead to learning problems, and mental pain during education can have a negative impact and lead to withdrawal from learning [33]. In the training process of doctoral students, the relationship between doctoral students and their learning environment is mediated by experience with personal attributes, such as the students and their supervisors’ previous learning experience, goals and strategies, and contextual factors [34], while supervisor guidance, supervisor experience and the frequency of meetings can effectively reduce students’ emotional exhaustion [35]. Goplerud [36] studied the perception of social support and stress levels among psychology postgraduate students and found evidence that increased teacher support reduces stress perception. At the same time, as the highest level of education in all countries, doctoral education has a considerable level of openness, which is to develop the autonomy of doctoral students in an open learning environment to promote meaningful learning [37]. As doctoral students fit more into the training environment, the individual’s happiness index will also continually increase, and the degree of mental health will be higher. In view of this, this research proposes hypothesis H1.

H1: Cultivation environmental fit has a significant positive impact on the mental health of doctoral students.

(2) The impact of academic profession fit on the mental health of doctoral students

The degree of academic professional fit mainly refers to the degree of suitability between doctoral students and the main activities of the academic community. For doctoral students, identity is the core of their doctoral study. They are working hard to develop another scholar’s identity within the selected academic community because they need to adapt to, learn and use the specific discourse and thinking habits of the academic community [38]. According to previous research, the journey of a doctoral student can be seen as a continuous and meaningful process. In this process, the student needs to grow into a capable researcher and become an indispensable and valuable member of the academic community [39]. However, many doctoral students may feel isolated from the academic world or feel that they are not well fitted with the academic community to which they belong. The stress and fatigue experienced by doctoral students, at least to a certain extent, may stem from the mismatch between individual doctoral students and the academic community. At this time, by participating in the collective interaction of the academic community and by sharing the research of individual doctoral students, it will help them affirm that they are contributors to the academic community. Although individual doctoral students may have different motivations for participation, they are attracted to a professional academic community and begin to share their own research. In this way, they will perceive the common goals that arise within the academic community and improve the degree of fit between doctoral student individuals and the academic profession, thereby enhancing individual mental health. In view of this, this research proposes hypothesis H2.

H2: The degree of academic profession fit has a significant positive impact on the mental health of doctoral students.

(3) The impact of organizational culture fit on the mental health of doctoral students

Organizational culture fit refers to the coordination between the study and life of doctoral students during their doctoral studies. It pays attention to the pace of learning and life of doctoral students in academic organizations, and emphasizes the degree to which doctoral students adapt to the work and life culture of academic organization in the school. Although the culture in academic organizations advocates freedom, this freedom is usually a kind of Janus-style freedom of thinking. It emphasizes the benefits of research freedom, but at the same time, this freedom also means that there is no clear boundary between work and leisure time. In particular, women face great pressure and find it difficult to achieve a balance between work and life [40]. In reality, academia often praises and rewards overwork, thus shaping the long-time work culture in the academic field. When students are unable to effectively adapt to the work culture during the doctoral study period, and have difficulty in achieving a balance between work and life, they will feel uneasy and lose control of the doctoral study life. In other words, doctoral students need to develop the ability to control academic research work, effectively grasp the pace of work and rest time to adapt to the learning and work culture in academic organizations. Occupational health research focusing on work control and mental health found that work control has a positive effect on mental health [41]. The higher the degree of work control, the lower the emotional cost of people and the higher the degree of mental health [42]. In view of this, this research proposes research hypothesis H3.

H3: Organizational culture fit has a significant positive impact on the mental health of doctoral students.

(4) The impact of financial support fit on the mental health of doctoral students

The degree of economic support fit mainly refers to the degree to which the economic and financial resources provided inside and outside the school meet the development needs of doctoral students. Excessive studies have proved that financial stress is generally related to depression and anxiety [43,44]. The same is true for doctoral students. Financial status may affect the mental health of doctoral researchers. Lack of financial resources is usually a major challenge faced by doctoral researchers [45,46]. Research based on the financial support of doctoral students found that researchers who received funding during the doctorate period perform better than self-funded researchers. Compared with funding for research projects, doctoral funding during their studies and their entire career can exert a positive impact on research performance [47]. Seen from this perspective, giving doctoral students sufficient financial support will not only create a positive impact on the mental health of doctoral students during their degree studies, but will also extend the welfare effects brought about by a healthy mentality to career of doctoral students. In view of this, this research proposes research hypothesis H4.

H4: Financial support fit has a significant positive impact on the mental health of doctoral students.

4  Data, Variables and Analysis Methods

(1) Data source

The data used in this research comes from the 2019 Nature Global Doctoral Survey, which is provided in English, Spanish, Chinese, French, and Portuguese, and has a high degree of international participation. The annual questionnaire covers topics such as doctoral students’ study experience, career support, and maintenance responsibility, and asks questions about mental health among all interviewees for the first time. A total of 6812 valid questionnaires were collected. Where, European effective samples account for 36%, Asian effective samples account for 28%, North America and Central America effective samples account for 27%, Africa, South America and Australasia effective samples account for 9%. On the whole, the survey data covers the major doctoral training countries in the world, the data survey process conforms to academic norms, and the samples are highly representative.

(2) Descriptive statistics of fit measurement items and variables

In accordance with the index connotation of the doctoral training process, this research further divides the question items to measure the doctoral training environment fit, the academic profession fit, the organizational culture fit, and the financial support fit (see Table 1 for details). First of all, 7 items including supervisor recognition, supervisor-student relationship, supervisor guidance, guidance from others, career guidance and advice, cooperation opportunity, research autonomy, etc., indicate the training environment fit of doctoral students. Therefore, the above 7 items are used to measure the training environment fit of doctoral students. Second, the 3 items including the ability to present research results at conferences, academic conference participation, and academic publication are close to doctoral students’ academic profession fit in connotation, which can reflect academic profession fit of doctoral students. Third, the 5 items including work-life balance, vacation time, working hour, health benefit, and social environment essentially reflect the adaptability of doctoral students in the school’s organizational work culture. Therefore, the above 5 items are used to measure the organizational culture fit of doctoral students. Finally, fund sufficiency, subsidy, and teaching task can reflect the ability of doctoral students to seek financial support. Therefore, the above 3 items are used to measure the financial support fit of doctoral students.
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The dependent variable is the mental health of doctoral students. This study uses the questionnaire to characterize the respondent’s response to “Have you ever sought help for anxiety or depression caused by PhD study?” Select “yes” and a value of 0 is assigned, indicating the presence of mental health problems. Select “No” and a value of 1 is assigned, which means that doctoral students have better mental health. The individual characteristic variables of doctoral students include (1) gender, male is assigned a value of 1, female is assigned a value of 0; (2) age, 18–24 is assigned a value of 1, 25–34 is assigned a value of 2, 35–44 is assigned a value of 3, 45–54 is assigned a value of 4, 55–64 is assigned a value of 5, and 65 years old and above is assigned a value of 6. A value of 1–6 is assigned to indicate increasing age; (3) doctoral study motivation, academic motivation is assigned a value of 1, and non-academic motivation is assigned a value 0; (4) maintenance responsibility. If there are children or elderly people in the family who need to take care of, the value is 1. Otherwise, the value is 0. Among the variables of the doctoral training process, doctoral students’ training environment fit, academic profession fit, organizational culture fit, and financial support fit involve a total of 18 items, which measure the satisfaction perception towards supervisor-student relationship, supervisor guidance, supervisor recognition, guidance from others, fund sufficiency, working hour, social environment, scientific research autonomy, number of publications, cooperation opportunity, subsidy, vacation time, health benefit, teaching task, academic conference participation, ability to present research results at conferences, work-life balance, career guidance and advice, etc., with a value of 1–7 to characterize increasing fit between doctoral student individuals and the training process. In addition, the study will also generate country-specific dummy variables to control the influence of country factors on the mental health of doctoral students.

Specifically, in the group without mental health problems, men account for 54.7%, in the group with mental health problems, men account for 38.9%, and there is a higher proportion of male doctors with mental health than female doctors. In terms of age, academic motivation and maintenance responsibility, doctoral students without mental health have higher average number than those with mental health problems. Regarding the 18 explanatory variables involved in the training process of doctoral students, doctoral students without mental health problems have higher self-assessment scores than those with mental health problems. Take the supervisor-student relationship as an example. The average self-evaluation score of doctoral students without mental health problems is 5.347, while that of doctoral students with mental health problems is only 4.590. Variable names and descriptive statistics are shown in Table 2.
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(3) Analysis method

In the process of research, it was discovered that there are several variables involved in the cultivation of doctoral students, and the information contained in the variables inevitably overlaps with each other. There is a strong correlation between the variables, and the distribution of samples involves complicated laws. Therefore, this study adopts the principal factor method to reduce the dimension and simplify the structure of the doctoral students’ training process variables, reduces multiple variables to a few relatively weakly correlated, brand-new comprehensive factors, integrates the initial variables as much as possible, and attempts to explain key information superimposed by variables. Since the dependent variable mental health is a dichotomous variable, the Probit model is used for regression analysis, and the possible heteroscedasticity problem of the model is analyzed through the likelihood ratio test. In order to test the robustness of the analysis results, this study also takes the Logit model and the OLS model for regression analysis.

5  Empirical Analysis Results

(1) Reliability and validity test of measurement items for doctoral students’ training process fit

This study first uses the Cronbach reliability test to verify the internal consistency between the previous measurement items of doctoral students’ training environment fit, academic profession fit, organizational culture fit, and financial support fit. Specifically, the Cronbach reliability test coefficient of 7 items including supervisor recognition, supervisor-student mentorship, supervisor guidance, guidance from others, career guidance and advice, cooperation opportunity, and research autonomy is 0.87, which exceeds the acceptable threshold of 0.7. Afterwards, selection was made according to the principle that the Cronbach reliability test coefficient of the selected index should exceed 0.7, academic publication was deleted, the two items of ability to present research results at conferences and academic conference participation have a Cronbach reliability test coefficient of 0.93. Similarly, after deleting the two items of health benefit and social environment, the Cronbach reliability test coefficient of the three items of work-life balance, vacation time, and working hour is 0.77. Finally, after deleting the teaching task item, the Cronbach reliability test coefficient of the two items including fund sufficiency and subsidy is 0.73. The above results show that the selected items have good internal consistency in measuring doctoral students’ training environment fit, academic profession fit, organizational culture fit, and financial support fit.

Meanwhile, the KMO value in Table 3 is 0.845 > 0.7, and the P value of Bartlett’s test is 0.000, which significantly rejects the null hypothesis that the indicators are not correlated. This indicates that the factor analysis method is very suitable. Hence, this study uses the principal factor method to analyze the remaining 14 items, and a better distinguishable factor structure is obtained. According to the Kaiser criterion, 4 factors with characteristic roots greater than 1 were extracted. These 4 factors explain 68.75% of the total variance and result in the rotation factor loading (see Table 4).
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Specifically, the factor analysis results are consistent with the post-screening measurement items of doctoral students’ training environment fit, academic profession fit, organizational culture fit, and financial support fit, indicating that the selected measurement items have good reliability and validity. Factor 1 contains 7 items, the most important of which is that doctoral students expect to gain recognition from their supervisors, develop a benign interactive relationship with supervisors, receive academic guidance from supervisors and others, receive career-related guidance and advice to gain broad cooperation opportunity. It shapes the autonomy of doctoral students as independent researchers. These contents fully express the degree of fit between doctoral students with the cultivation environment. Therefore, consistent with the previous content, we name it “doctoral students’ training environment fit”. Factor 2 contains two items, which mainly characterizes the ability of doctoral students to present research results in academic conferences, and emphasizes the academic participation behavior of doctoral students. These items are connotatively close to the degree to which doctoral students fit the academic profession. Therefore, consistent with the previous content, the factor is named “doctoral students’ academic profession fit”. Factor 3 contains 3 items, mainly expressing that the cultivation culture must support the physical and mental development of doctoral students, helping them to achieve a balance between academic and life, and get sufficient vacation time after work. These factors essentially reflect the adaptability of doctoral students to the school’s organizational work culture. Therefore, consistent with the previous content, the factor is named “doctoral students’ organizational culture fit”. Factor 4 contains 2 items, mainly indicating the sufficiency of scientific research funds and subsidies in supporting the academic career and daily life of doctoral students, which are basic material guarantee for doctoral students to carry out scientific research. Therefore, consistent with the previous content, the factor is named “doctoral students’ financial support fit” (see Table 3).
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(2) The impact of doctoral training process fit on the mental health of doctoral students

Table 5 reports the benchmark regression results of the impact of doctoral students’ training environment fit, academic profession fit, organizational culture fit and financial support fit on their mental health. The estimation results of the Probit model indicate that the impact of doctoral students’ training environment fit, academic profession fit, organizational culture fit and financial support fit on the mental health is significantly positive at 1% level. It suggests that when doctoral students are more fitted to the training environment with higher adaptation to academic occupations and organizational culture and greater financial support, they have better mental health. Further measurement of the marginal effects of the four factors found that, given other variables, the marginal effects of doctoral students’ training environment fit, academic profession fit, organizational culture fit, and financial support fit are respectively 0.078, 0.027, 0.070, and 0.018, which are all significantly positive at the 1% level. This shows that for doctoral students, the training environment fit has the highest effect on doctoral students. This is consistent with the results of previous studies. The training environment involving supervisor relationship, supervisor guidance, autonomy, etc., has the crucial effect on doctoral students’ mental health, and construction of a good relationship has a positive effect on the healthy development of doctoral students. Second, the organizational cultural fit of doctoral students also has a high degree of influence on the mental health of doctoral students. It can also be seen from Nature’s survey that the doctoral student group is not satisfied with work-life balance, working hour and vacation time. This is also an important factor that causes emotional stress, anxiety or depression among doctoral students. Furthermore, the academic profession fit represented by doctoral students’ academic conference participation and ability to present research results at conferences has a positive impact on the mental health of doctoral students. When they can adapt to the academic ecology and present their own research results, the individuals have better mental health. Finally, although financial support fit of doctoral students has a significant impact on their mental health, it has the lowest impact among the four factors. This shows that for doctoral students, although financial support is also very important, more important is the construction of the invisible supervisor-student relationship, the balance of life and research work, and the opportunity and ability to adapt to academic career development. Seen from the results of other explanatory variables, under the premise of controlling country factors, male doctors have better mental health. Research by Kurtz-Costes et al. [48] also found that female doctors suffer more pressure than male doctors.
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Table 6 reports the estimated results of the grouping regression of the main developed countries involved in the sample. The estimation results of the Probit model show that doctoral students’ training environment fit has a significant positive impact on the mental health of doctoral students in the United States, the United Kingdom, Germany, France, Australia and South Korea; doctoral students’ academic profession fit has a significant impact on the mental health of US doctoral students; doctoral students’ organizational cultural fit has a significant positive impact on the mental health of doctoral students in the United States, the United Kingdom, Germany, France, Canada, Japan, etc.; doctoral students’ financial support fit has a significant positive impact on mental health of British doctoral students.
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Models (1)–(4) in Table 7 report the estimated results of grouping regression of the main developing countries involved in the sample, including four emerging market countries in the world: China, India, South Africa and Brazil. The estimation results of the Probit model show that doctoral students’ training environment fit has a significant positive impact on the mental health of doctoral students in China, India and South Africa; the academic profession fit has a significant positive impact on the mental health of South African doctoral students; organizational culture fit has a significant positive impact on the mental health of doctoral students in the four countries; financial support fit has a significant positive impact on the mental health of doctoral students in India and South Africa.
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Models (5)–(6) in Table 7 report the heterogeneous impact of doctoral training process fit on doctoral students studying for doctoral degrees in their home countries and doctoral students studying for doctoral degrees in foreign countries based on whether doctoral students flow across borders. The estimation results show that for doctoral students studying in their home countries, doctoral students’ training environment fit, academic profession fit, organizational culture fit, and economic support fit all have significant positive effects on their mental health. For doctoral students studying for a doctoral degree in foreign countries, doctoral students’ training environment fit and organizational culture fit have a significant positive impact on their mental health.

(3) Robustness test

First, seen from the estimation results of the Probit and Logit models, the coefficients of the two models have been consistently estimated under the premise that the robust standard errors have been used. Moreover, the robust standard errors are very close to the ordinary standard errors, indicating that the model is correctly set. Second, the standard Probit and Logit models assume that the perturbation term is homoscedastic. As the doctoral students in the sample data come from different countries and regions, to better test the robustness of the estimation results and eliminate the interference of heteroscedasticity, it is possible to perform a likelihood-ratio test. If the null hypothesis is accepted, it is considered that the Probit model of homoscedasticity can be used. Otherwise, the Probit model of heteroscedasticity should be used. The estimation result suggests that the P value of the likelihood ratio test is 0.661, so the null hypothesis of homoscedasticity can be accepted, indicating that the estimation result of the benchmark Probit model is reliable and robust. Finally, the estimation results of Probit model, Logit model and OLS model are basically the same, which further demonstrates the robust analysis results.

6  Conclusion and Discussion

At the stage of doctoral education, the demand for mental health support keeps increasing. In this study, through theoretical analysis, the factors involved in the training of doctoral students are defined as doctoral students’ training environment fit, academic professional fit, organizational culture fit, and financial support fit. The training process factors that affect the mental health of doctoral students are subject to dimensionality reduction and simplification, and it is found that the results are consistent with the theoretical division results. The doctoral student training process can be defined with four factors of training environment fit, academic profession fit, organizational culture fit and financial support fit. The estimation results of the Probit model, the Logit model and the OLS model reveal that under higher doctoral students’ cultivation environment fit, academic profession fit, organizational culture fit, and economic support fit, doctoral students have better mental health. This also indicates that the use of fit theory can effectively predict multiple factors that affect the mental health of doctoral students. Further calculation of the marginal effects of the four factors found that according to the magnitude of the marginal effects on the mental health of doctoral students, the four factors are ranked as doctoral students’ training environment fit, organizational culture fit, academic profession fit, financial support fit. There are also several issues for discussion in the analysis:

First, training process fit that affects the mental health of doctoral students is a multi-level fit, rather than a single-level fit. Intervention measures at the school management level should comprehensively consider feasibility, cost, and acceptability, and coordinate with multiple parties to promote the healthy development of doctoral students. In reality, there are complex interactions between multiple factors that affect doctoral students’ mental health. It is precisely for this reason that this study uses factor analysis to reduce and simplify the factors involved in the training process of doctoral students. It integrates all the variable factors involved in the cultivation process of doctoral students as much as possible, and attempts to understand the key information co-existing in the doctoral cultivation process variables. Based on it, this study found that under higher fit between doctoral students and their training process, there is lower possibility that doctoral students will experience anxiety or depression. Put it bluntly, doctoral students’ training environment fit, academic profession fit, organizational culture fit, and economic support fit are all embedded in the doctoral education ecology, which act together on the mental health of doctoral students. If the degree of fit is reduced in one aspect, it may affect the fit of other dimensions, which in turn affects the mental health of doctoral students. For example, when a doctoral student is facing financial pressure, he may seek more teaching assistant jobs, and the increase in teaching tasks will bring about conflicts in the roles of doctoral students, so it is difficult to balance life and work, with working hours prolonged and vacation time shortened. The superimposed influence of various factors will lead to disorderly study and research life of the doctoral students, and then affect their mental health. At present, few studies consider the work-life balance of doctoral students even though students at this level also encounter many of the same challenges as faculty and staff while pursuing different degree studies [49,50]. Such superimposed comprehensive impact means that it is difficult for university administrators to use linear thinking to solve the mental health dilemma of doctoral students in one time. It thus requires supervisors, families and individual doctoral students in doctoral education ecology to comprehensively understand the mental health problems of doctoral students, improve the fit between doctoral students and the training process in order to improve the mental health of doctoral students. In view of this, it is recommended that research policymakers learn from the concept of total quality management, shape the doctoral student support system through entire-process system construction, explore systematic system design from training links, career development, organizational culture, and economic support, strive to improve doctoral students’ understanding towards school, department policies and degree standards, and improve doctoral students’ fit with the training process.

Second, compared to the index fit at the explicit level, more attention should be paid to the construction of invisible relationships, the accumulation of tacit knowledge, and the improvement of general ability. According to the analysis on the marginal effects of the four factors in this study, doctoral students’ training environment fit, organizational culture fit, academic profession fit have a greater impact on the mental health of doctoral students. Doctoral education is permeated with widespread culture of overtime work, and various financial aids tend to reward doctoral students who work overtime on a continuous basis. That is to say, although the financial support provided by schools and supervisors has a positive effect on the mental health of doctoral students, more attention should be paid to the influence of implicit factors on the mental health of doctoral students. Judging from the variables included in the first three factors, the improvement of doctoral students’ training environment fit depends on the establishment of good interpersonal relationships between doctoral students, their supervisors and others, so that they receive sufficient academic guidance and cooperation opportunities, and develop individual autonomy in academic research life. However, both the construction of a benign relationship and the development of autonomy require more tacit knowledge and general ability support. Just as a Finnish doctoral student called “Help us make science more humane!” in this Nature’s survey. This suggests that university administrators should design a personalized curriculum guidance system for supervisors and doctoral students by establishing joint supervisor, adding corresponding professional instructors in life and psychology, thus helping doctoral students adapt to the complicated path of study. At the same time, policymakers can encourage colleges and universities to set up effective early warning mechanisms. When students have a low degree of fit with their main supervisor, which may induce anxiety or depression among doctoral students, supervisor should be changed in time to avoid potential harm and loss. In addition, the construction of invisible relationships requires research policymakers to provide doctoral students with extensive opportunities for academic participation, support and encourage doctoral students to communicate with colleagues in the academic world, thus promoting the professional socialization of doctoral students. On this basis, doctoral students can better handle the work-life balance, adapt to the learning and work culture during the doctoral period, expand wiser academic participation, meet the needs for the environment, organizational culture, and academic profession development in doctoral training process, reduce psychological anxiety and improve mental health.

Third, by grouping regression of the main countries involved in the sample, it is found that doctoral students’ training environment fit, academic profession fit, organizational culture fit, and economic support fit have varying effects on the mental health of doctoral students in various countries. Where, the two factors of doctoral students’ training environment fit and organizational culture fit have a high predictive effect on the mental health of doctoral students in most countries. For doctoral students in various countries, the first problem that cannot be avoided during their doctoral study is the relationship with their supervisors and other instructors. Good supervisor-student cooperation has a positive promotion effect on the mental health of doctoral students, especially under the current background of big flow of doctoral students internationally. In Nature’s survey sample this time, doctoral students who migrate across borders accounted for 36.10%. For the cross-border doctoral students, under the dual pressure of cross-culture and highly challenging academic research life, it is even more necessary to build a good academic relationship to deal with potential anxiety or depression. In this process, another important factor is whether doctoral students can adapt to the organizational culture of the school to achieve a balance between work and life, which is also an important factor in the formation of a positive mental attitude. Schools should assist doctoral students in setting scientific working hours, guarantee their vacation time, help them form a stable and reasonable pace of life and work, and reduce the probability of anxiety or depression. In addition, due to differences in the economic, social and cultural aspects of various countries, the ability and willingness to provide doctoral students with academic career development opportunities, financial assistance, and mental health guidance may vary. Countries should pay attention to the universal fit factors. On the basis of this, it is necessary to focus on balancing the impact of specific factors on the mental health of doctoral students. For example, for doctoral students in developing countries, relevant countries and university organizations may be required to provide more sufficient funds and subsidies. At the same time, taking into account the potential differences due to cultural factors, it is necessary to pay attention to the particularity of the cultural attributes of doctoral students in various countries and take personalized intervention measures. All in all, taking into account the differences in countries. In particular, under the current background with continuous spread of COVID-19, the differences in epidemic prevention concepts, measures, results, and propaganda among various countries contribute to de-globalization and populism to a certain extent, which greatly hinders the flow and learning of doctoral students. It may easily cause disconnection between doctoral students and training process, which in turn induces mental health problems among doctoral students. This objectively requires policymakers to fully consider the economic and cultural development in the country of origin of doctoral students, combine the elements of the doctoral training process in respective country to create a comprehensive international doctoral student support system, scientifically implement policies, provide more effective academic and life guidance suggestions for international doctoral students, help them effectively adapt to and integrate into the social culture of the country of entry.

To sum up, in view of the outstanding contributions of the doctoral student group to academic research, mental health of doctoral students needs to be treated with caution. Existing research has also proved the importance of mental health of doctoral students. The contribution of this research is to enrich the existing theories explaining the mental problems of doctoral students, and make a more reliable and steady organization, comparison and generalization of the factors affecting the mental health training process of doctoral students. Specifically, this research uses the fit theoretical analysis framework to effectively distinguish the stressors that affect the mental health of doctoral students, conducts grouping analysis according to the country and mobility, etc., explores the possible heterogeneity effects, and verifies the appropriateness of using fit theory to analyze the mental health problems of doctoral students, which improves the academia and policymakers’ awareness towards mental health problems of doctoral students, and provides an empirical basis for selecting priority options in policy intervention.

7  Research Limitations

This study has certain limitations. First, this study focuses on the impact of the overall fit between doctoral students and the training process on their mental health, which helps to reveal the factors that affect the mental health of doctoral students, enhance the university’s awareness that the doctoral training process affects the mental health of doctoral students, and provide priority options for policy intervention. However, the study has not yet explored the mutual influence of the multiple factors involved in the doctoral student training process, such as supervisor-student relationship, supervisor guidance, career guidance and advice, financial support, work and life. The effects of various factors on the health and well-being of doctoral students are complicated. It is necessary to supplement effective interview data to effectively explain the impact of training process fit on the mental health of doctoral students. Second, anxiety or depression degree may be different among different groups, so the interpretation of binary variable estimation results must be treated with caution. In the future, it is necessary to study in more detail the relationship between the doctoral training process fit and the severity of doctoral students’ anxiety or depression. Finally, the data used in this study is cross-sectional data, which cannot reveal the dynamic change process of doctoral students’ mental health. In the future, we can continually track and collect survey data of relevant doctoral students to explore the varying impact of doctoral training process fit on their mental health, then achieve dynamic adjustment of the training process to improve the fit between doctoral students and their training process.

Availability of Data and Materials: https://figshare.com/s/74a5ea79d76ad66a8af8.
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Table 1: The dimensions of doctoral student training process fit and their measurement

Dimensions of doctoral student training process fit

Measurement item

Training environmental fit

Supervisor recognition
Supervisor-student relationship
Supervisor guidance

Guidance from others

Career guidance and advice
Cooperation opportunity

Autonomy

Academic profession fit

Ability to present research results at conferences
Academic conference participation
Academic publication

Organizational culture fit

Work-life balance
Vacation time
Working hour
Health benefit

Social environment

Financial support fit

Fund sufficiency
Subsidy
Teaching task
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Table 3: KMO test value, Bartlett sphere test

Kaiser-meyer-olkin measure of sampling adequacy (KMO) 0.845
Chi-square 41837.987
Bartlett test of sphericity Degrees of freedom 91

p-value 0.000
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Table 6: Grouping regression estimation results of developed countries (Probit)

M @ 3) “4) ®) (6) 0 ®)
United States United Kingdom Germany France Australia Canada Japan  South Korea
Cultivation environment fit 0.210%** 0.310%** 0.247*** 0.305** 0.430%** 0.067 0.171  0.556**
(0.038) (0.070) (0.068)  (0.125) (0.118) (0.110)  (0.145) (0.228)
Academic profession fit 0.097** 0.072 -0.000 —0.003 -0.037 -0.169 0.173 0.214
(0.038) (0.072) (0.068)  (0.153) (0.132)  (0.125) (0.159) (0.158)
Organizational culture fit ~ 0.192%** 0.335%** 0.255*** 0.346** 0.104 0.260**  0.297* 0.253
(0.036) (0.069) (0.070)  (0.153) (0.113)  (0.122)  (0.170) (0.202)
Economic support fit 0.015 0.202%** 0.110 —0.120  0.080 —0.184  —0.096 —0.344
(0.040) (0.070) (0.077)  (0.144) (0.122)  (0.120)  (0.166) (0.257)
Control variable Control Control Control  Control Control  Control  Control Control
_cons -0.219 0.379 0.395 —0.332  1.445%** 2.083*** 0.131 -1.880*
(0.146) (0.254) (0.485)  (0.654) (0.500) (0.540) (0.723) (1.052)
N 1267 417 404 107 148 150 73 63
Pseudo R? 0.070 0.108 0.093 0.114  0.103 0.147 0.102  0.230

Note: *, ** and *** indicate significance at the levels of 10%, 5%, and 1%, respectively, and the robust standard errors are in parentheses.
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Table 4: Rotation factor loading

Variable Factor 1 Factor 2 Factor 3 Factor 4
Supervisor recognition 0.846
Supervisor-student relationship 0.842
Supervisor guidance 0.817
Guidance from others 0.653
Career guidance and advice 0.573
Cooperation opportunity 0.563
Degree of autonomy 0.525

Ability to present research results at conferences
Academic conference participation

Work-life balance

Vacation time

Working hour

Fund sufficiency

Subsidy

0.928
0.920
0.803
0.797
0.731
0.865
0.842
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Table 7: Regression estimation results of developing country grouping and cross-border tlow grouping (Probit)

) (@) 3 “ &) ©)
China India South Africa Brazil Study in the country Cross-border flow
Cultivation environment fit 0.153** 0.236%** (0.487* —0.037  0.194%*** 0.245%**
(0.063) (0.072)  (0.267) (0.137)  (0.024) (0.030)
Academic profession fit ~ —0.017 0.069 0.823*** 0.106 0.107*** 0.025
(0.054) (0.067) (0.302) (0.117)  (0.023) (0.030)
Organizational culture fit — 0.126%* 0.224%%* 1 170%** 0.471%%% 0.198*** 0.207***
(0.056) (0.070)  (0.330) (0.130)  (0.023) (0.030)
Economic support fit 0.023  0.169** (0.835%** —0.007  0.068*** 0.034
(0.059) (0.066) (0.329) (0.126)  (0.024) (0.031)
Control variable control control  control control  control control
_cons -0.021 -0.361 1.281 0.143 0.283** 0.221
(0.254) (0.413) (1.203) (0.698) (0.112) (0.163)
N 610 384 45 107 3390 1951
Pseudo R? 0.035  0.093 0.452 0.125 0.079 0.081

Note: *, ** and *** indicate significance at the levels of 10%, 5%, and 1%, respectively, and the robust standard errors are in parentheses.
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Table 2: Descriptive statistics of main variables

Variable name Without mental health With mental health
problem problem
N Mean Standard N Mean Standard
deviation deviation
Gender 4045 0.547 0.498 2402 0.389 0.488
Age 4067 2.032 0.625 2422 1.989 0.523
Academic motivation 4000 0.835 0.371 2357 0.783 0.412
Maintenance responsibility 4031 0.218 0.413 2392 0.181 0.385
Fund sufficiency 3968 4.644 1.930 2383 4.442 1975
Working hour 4053 4.650 1.663 2416 4.120 1.740
Social environment 4064 4.810 1.682 2421 4.322 1.794
Research autonomy 4060 5.556 1.440 2420 5.139 1.632
Supervisor recognition 4044 5.113  1.736 2423 4379 1976
Supervisor-student relationship 4041 5.347 1.693 2420 4.590 2.004
Supervisor guidance 4014 4.743 1.810 2395 4.142 1.974
Guidance from others 3924 4815 1.702 2350 4.337 1.849
Cooperation opportunity 4016 4.872 1.696 2408 4.356 1.854
Academic publication 3857 3.893 1.821 2345 3.410 1.798
Subsidy 4002 4.411 1.906 2410 4.158 1.950
Vacation time 4008 4.610 1.870 2386 4.045 1.969
Health benefit 3893 4.190 1.967 2350 3.893 2.009
Teaching task 3349 4.552 1.630 2043 4.334 1.663
Academic conference participation 4017 5.175 1.644 2399 4.772 1.817
Ability to present research results at conferences 3938 5.123  1.657 2350 4.693 1.813
Work-life balance 4055 4.221 1.646 2418 3.517 1.664
Career guidance and advice 3981 3.861 1.731 2385 3.344 1.755
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Table S: Regression results of the impact of training environment fit on the mental health of doctoral students

Probit Logit OLS
Mental health Mental health Mental health
Cultivation environment fit 0.216%** 0.355%** 0.078***
(0.019) (0.031) (0.007)
Academic profession fit 0.078*** 0.128*** 0.028%***
(0.018) (0.030) (0.007)
Organizational culture fit 0.200%** 0.328%** 0.071%**
(0.018) (0.030) (0.006)
Economic support fit 0.051%** 0.086%** 0.018%**
(0.019) (0.031) (0.007)
Motivation for doctoral study 0.043 0.066 0.016
(0.047) 0.077) (0.017)
Maintenance responsibility 0.052 0.087 0.018
(0.050) (0.082) (0.017)
Age 0.004 0.008 0.001
(0.036) (0.059) (0.012)
Gender 0.381%** 0.627%** 0.134%**
(0.037) (0.061) (0.013)
Country dummy variable control control control
_cons 0.252%%* 0.410%** 0.594***
(0.091) (0.150) (0.032)
N 5341 5341 5341
Pseudo R/ R? 0.074 0.074 0.094

Note: *** indicate significance at the levels of 1%, respectively, and the robust standard errors are in parentheses.
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