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Abstract

Besides the highest academic degree with lots of merits post that, getting a Ph.D. and the
journey throughout the Ph.D. is not so easy due to which stress and trauma become com-
mon among Ph.D. research students. Stress among them can’t be overlooked and is also
of major concern as it not only impacts their academic performances but also their mental
health, and increases emotional exhaustion. There are many factors that are involved in
causing stress among students. Doctoral students are more prone to it as it demands time,
selfless effort, and much sacrifice. Moreover, they are in the stage where there are a lot
of things going on that distract their minds or sometimes contradict their decisions be it
related to their future or to their family, or be it from the institute side. This article mainly
deals with analyzing the factors which cause stress, their effects on Ph.D. students, how
these factors interrelate with each other, and their percentage share in causing this. Seven
dimensions/factors are explored i.e., Institutional Issues, Personal Issues, Supervisor rela-
tions, Academic Issues, Fears, Mental Health, and Time Management, which overall depict
the entire Doctoral journey. For the analysis of all these dimensions and for finding out the
percentage share, a new hybrid method of MCDA (Multi-Criteria Decision Analysis) i.e.,
fuzzy DEMATEL-ANP with the triangular approach of responses i.e., Optimistic, Pessi-
mistic & Most-Likely is proposed. Performance Analysis and Sensitivity Analysis are done
to do the validity check and robustness of the proposed model and by doing this analysis,
we identified that the most likely approach in the proposed model is most reliable than the
Optimistic and Pessimistic approach due to its non-biased behavior and Supervisor feed-
back and Uncertain future are the most influential factors and change of city is the least
influential one. Moreover, Academic Issues (Poor Writing Skills as well as Publication
issues) together with Satisfaction with topic selection during course work period as well
as the supervisor’s feedback contributes more with weights of 8.1%, 7.7% & 7.5% respec-
tively in causing stress to the doctoral students.
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Introduction

When the demand for something exceeds the person’s ability or the person’s strength, it
will create a situation of stress. Stress not only hinders the full utilization of resources/
strength but also affects our mental and physical health which includes being prone to
many psychological diseases, suppressing our immune system, and affecting our relation-
ships too. We can find stress in every field such as in family, in job, and in business and the
students also can’t escape from this (Prasad & Vaidya, 2017). Stress is responsible for the
changes in life but it may be harmful when it becomes a habit and the individual is not able
to address it.

The tension during the higher studies is normal but taking tension in excess will become
a stress in the long run. According to the reports on college students in the US, a lot of
stress and pressure are experienced by students pursuing higher studies and around 53%
of students face problems in their personal and social lives because of the high demands,
peer pressures, challenges, and rejections during their academic career. Not only taking
admission and cracking the entrance tests is sufficient, but cracking interviews for these
high academic degrees is also a tedious task, and getting these degrees is not so easy as
it demands concentration, time, and lots of effort and sacrifices. It is not necessary that
everyone have the same experience and face the same intensity of stress. Some might defi-
nitely have many positive experiences in their research journey (Manathunga, 2005). It is
not necessary that stress and tension only happen because of the problems as there is a pos-
sibility of both negative and positive stress but negative stress harms the most as it leads to
a decrease in our efficiency to generate positive outcomes (Anthony-McMann et al., 2017,
El-Ghoroury et al., 2012; Kinman et al., 2006).

As researchers are the future generations of knowledge workers in society and stress
among them reduces their productivity which is again a social and economic loss (Guthrie
et al., 2017). Therefore, it is necessary to understand the stress as well as the stressors
which are causing this as it will indirectly increase the tenure of their study as well as
degrade the quality of their research (Manathunga, 2005). According to European stud-
ies, upto 30% of doctoral students were diagnosed with the same mental disorder (Lev-
ecque et al., 2017). Mental health support is also needed at a higher education level for
the student’s well-being (Mackie & Bates, 2018). According to Goplerud (1980), there is
an inverse relationship between stressful incidents and the number of times an interaction
between peers takes place. Some further studies reveal that throughout the Ph.D., there are
many factors or phases which directly or indirectly put pressure on the researchers which
in turn causes stress (Goplerud, 1980; Hockey, 1994; Lazarus & Folkman, 1984). It is very
difficult to conclude that only early or late-stage researchers have experienced maximum
stress because of entering into a new environment or because of their completion stage.
The research environment in which students are working plays an important role to their
mental wellbeing (Mackie & Bates, 2018). Lack of transparency, unclear expectations by
the higher authorities, and unable to make decisions by the students had an adverse impact
on their health and also acted as stressors (Appel & Dahlgren, 2003; Levecque et al., 2017).
Hunter and Devine (2016) discovered that students with less experienced supervisors,
supervisors’ lack of attention towards their students, and other leadership shortcomings are
more likely to indicate emotional weariness among students due to which the chances are
high that they decide to drop their academic career.

Academic stress among researchers can seriously impact their memory, think-
ing ability, and analytical skills which are necessary for them to excel academically

@ Springer



Scientometrics (2024) 129:4695-4719 4697

(Abdullah et al., 2020). It has an impact on their physical health too such as a weak-
ened immune system, and causes cardiovascular diseases (Schneiderman et al., 2005).
According to Rich (2016), long-term high stress usually hinders productivity and crea-
tive thoughts. Reducing stress can also help students become healthier, more resilient,
and more adaptive, which will benefit their long-term professional performance and
also improve their overall quality of life which makes their research career easier and
more innovative (Feizi et al., 2024). Due to the negative impact of ongoing stress on
PhD students’ academic performance, mental health, and general well-being, it is nec-
essary that proper steps should be taken to reduce their stress.

In this paper, we are talking about stress in Ph.D. students and mainly focusing
on achieving a broad overview of the stress factors and their contribution and briefly
explaining all the factors that affect the researchers/ doctoral students during their
Ph.D. journey and their interrelationship among them and how they affect the research-
ers. So, there is a need to explore these research questions which we will try to answer
in this study:

(1) Sources of stress among the Doctoral Students

(2) How do these factors affect the researchers?

(3) The connection between the factors.

(4) Are all the factors negatively affect the researchers?
(5) Percentage share of all of these factors.

(6) How to cope up with these stresses?

We try to answer the above questions using different blended and novel approaches.
Firstly, we will identify the stress dimensions which will be covered in this paper with
the help of expert opinions. The questionnaire was filled out by around 10 experts and
researchers working in different domains and different fields. The important dimen-
sion, percentage share of each dimension as well as relationship analysis is done by
fuzzy DEMATEL-ANP with a Triangular approach of responses and then compare
the analysis with the simple DEMATEL and DEMATEL (Decision-Making Trial and
Evaluation Laboratory) -ANP (Analytic Network Process) Techniques.

The further part of the study is described as follows: In “Literature review” sec-
tion, a brief overview of the past research is given, how this problem arises, what are
the sources of stress, and what techniques are used to solve this problem. In “Factors
causing stress among Ph.D. students” section, we discuss the stress-causing factors in
researchers, “Proposed approach—fuzzy DEMATEL-ANP with the triangular approach
of Responses” section comprises the proposed model i.e., fuzzy DEMATEL-ANP with
the triangular approach of responses, how it works, and the gist of the DEMATEL and
DEMATEL-ANP technique. In “Application of the proposed approach in finding the
contribution of stress factors in the Ph.D. journey” section we discuss the application
part of the model. In “Analysis of ranking of key factors by the proposed methodol-
ogy” section, the rank analysis is discussed. “Performance of the proposed model” sec-
tion and “Sensitivity analysis” section discuss the performance and sensitivity analysis
of the model. In “Conclusion” section, we discuss the conclusion along with the scope
of future work. In Online Appendix A, the results of the optimistic and pessimistic are
discussed.
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Literature review

One of the highest academic degrees a person could have and the greatest achievement
in the industry of research is tagged as “Doctor” which is honorable and prestigious,
and admirable by the society. With too many motivating and glorifying stories, there
are many factors that are mostly ignored by society. One of the surprising things dur-
ing their journey is that they have to face a lot of challenges and go through many harsh
stages and many rejections which led to tears, fears, and feelings of demotivation most
of the time.

According to the studies of British Universities, stress-related issues, anxiety, fear, and
exhaustion were more prevalent in academia as compared to the other professions (Kin-
man, 1998). Many researchers quantify this stress by taking all the aspects (Appel & Dahl-
gren, 2003; Bazraftan et al., 2016; Bi, 2007; Castle, 2013; Haksever & Manisali, 2000).
A USA study of 2014 on Ph.D. students revealed that 47% of students who were doing
research were under stress as compared to 37% of masters students (Panger, 2015). There
are many factors that increase the level of stress in doctoral students. Many researchers try
to find out these factors and from the literature of past research, we find some of the fac-
tors like relationship with the supervisor, academic issues, work-life balance, and uncertain
future (Mackie & Bates, 2018; Wisker & Robinson, 2013) are the common ones. Even
after the pandemic, the situation became worse as the education sector also suffer a lot,
and stress levels among students increases when it returns to the normality (Teresa, 2021).
A study in Mexico is done that analyzes the stress, depression level, and health status of
the students due to the pandemic (Leon Montoya et al., 2021). The next section will cover
the literature on various factors causing stress in the researchers and how to overcome this
using different methodologies suggested by different researchers and adopted by different
universities and institutions.

Review of factors causing stress in researchers

Researchers identify different factors and the intensity of each factor varies. Even many
students while continuing on their journey of getting this degree fight with their own nega-
tive thoughts including suicidal ideation (Woolston, 2019). Overload of work, factors
related to the roles, psychological, emotional, and behavioral factors also contributed to the
stress which was explained in the literature. Relationship with the guide also has a major
impact on the physical, and mental well-being of the researcher and also has an impact on
the academic success of the students (Mostafaei, 2012). There are many other sources of
stress according to different researchers which include the support of a family (Mallinck-
rodt et al., 1989), financial problems (Hopwood & Paulson, 2012; Nelson et al., 2001),
problems during their coursework as well as during thesis writing (Myers et al., 2012),
time limitations, and sleeping issues (El-Ghoroury et al., 2012). Even the change in the
environment is a major problem mainly for international students (Robinson-Pant, 2009).
These factors not only hinder the performance of the students but also in many cases stu-
dents drop out from their academic careers which is a major setback. To define stress and
to measure its effect, the stress, and its factors must be accurately studied. A program by
IRSCP (Institute Research Scholar Companion Programme) was initiated by IIT Bombay
to help research scholars with their academic and non-academic issues to manage and cope
with stress issues (Samrat, 2016).
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Coping with stress will have an important role in academic success. There are differ-
ent coping strategies which are suggested by different researchers i.e., positive strate-
gies which include proper sleep, meditation, and yoga, sharing thoughts with family and
friends. According to a survey, students who can easily cope with stress have a low chance
of psychological problems (Pariat et al., 2014). Some students also adopted negative strat-
egies like surfing irrelevant websites, drinking alcohol, and smoking which harms their
health and does not help in reducing their stress (Stewart et al., 1997). One way to cope
up with this situation is to provide necessary support by the universities which includes
counselling, creating awareness among the students, and management of various mental
health-related activities (Hargreaves et al., 2017; Panger, 2015). Wright (2006) concluded
that Time-conscious psychological therapy is effective which results in less psychological
discomfort and chances of completion of their career are pretty high. Meditation should
be practiced so that the researchers can feel better and experience less stress and anxi-
ety. Some factors which are taken for the study in this paper will be explained in further
sections.

Review of MCDM and its techniques

MCDM is a tool that was introduced in the early eighteenth century to support the deci-
sion-makers in making complex decisions (Abdulaal & Bafail, 2021). It helps in select-
ing the criteria’s as well as alternatives and ensures that decisions will be made through
reliable solutions. Simulations also help in making decisions by decision makers. Elastic
predicates and many value labelling functions are proposed by Gore et al. (2015) which
makes the debuggers more effective by using random variable and continuous number
which minimizes the number of program statements that require examination. MCDA is
based on criteria that have a contradicting nature (Hwang & Yoon, 1981). A huge amount
of literature related to MCDM is present which includes its descriptions as well as applica-
tions. The main advantage of the MCDM is that it integrates both computational and math-
ematical methods which helps the decision makers in analyzing the performance of criteria
and rank their choices in a more effective way (Triantaphyllou, 2000).

Different MCDM methods are used by the decision makers in different fields. When
there is an uncertainty in the problem, fuzzy logic is used which has already been applied
by some of the researchers in evaluating the performance of suppliers (Ordoobadi, 2009),
in making correct investment decisions (Gunasekaran et al., 2006; Tanaka et al., 1976) and
has applications in other areas too. However, the main disadvantage of this technique is
lacking of consistency measures. AHP (Analytical Hierarchy Process) is also one of the
oldest techniques that was developed by Saaty in the 1980s. AHP computes weights from
the pairwise comparison matrices (Pakkar, 2016). Using the results of the criteria weights
and priorities of alternatives, a decision maker can take optimal decisions (Issa et al.,
2022). However, consistency is again an issue in this case because whenever the consist-
ency ratio is above the threshold value, we need to modify our inputs (Calabrese et al.,
2019). As there is always some uncertainty present in human perceptions so it is very much
difficult to convert it into exact numerical data. Therefore, Zadeh introduced the theory of
fuzzy set (Zadeh, 1965) which handles the real-word problems with uncertainty/vagueness
(Tsai et al., 2015).

To improve this, several modified versions are also developed like fuzzy-AHP, and
AHP-ELECTRE but there is a risk of errors due to heavy calculations. BWM (Best Worst
Method) uses fewer pair-wise comparisons as compared to other methods (Khan et al.,
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2023; Rezaei, 2015). TOPSIS is also one of the MCDM techniques proposed by Hwang
and Yoon (Aires & Ferreira, 2019). The concept works on the minimum/maximum dis-
tance from the positive/negative ideal solutions. However, it fails to incorporate the cor-
relation of attributes (Urosevic et al., 2021). There are many other techniques that are used
like TOPSIS in knowledge sharing (Maheshwarkar & Sohani, 2013), and PROMTHEE
in the transportation industry (Turcksin et al., 2011). The CRITIC method is used along
with the fuzzy concept to assess the traffic congestion situation scheme in 5G-IOV through
which researchers determine the weight as well as each traffic congestion indicator’s degree
of affiliation (Liu et al., 2021).

As there are many techniques which are already developed but the main problem is
selecting the appropriate one. Some researchers suggested that we can select techniques
based on their applicability to a particular problem (UroSevi¢ et al., 2021; Wang et al.,
2016). In this paper, we are using fuzzy DEMATEL-ANP with the triangular approach
which will be discussed in “Proposed approach—fuzzy DEMATEL-ANP with the triangu-
lar approach of responses” section.

Factors causing stress among Ph.D. students

From the literature and with the help of opinions taken by the decision-makers, we identify
factors and subfactors that directly or indirectly cause stress among the researchers, men-
tioned in Table 1 with the description of the factors and their references:

Proposed approach-fuzzy DEMATEL-ANP with the triangular approach
of responses

As the doctoral journey is not so easy, finding the appropriate factors which become
hindrance in this journey is also a challenging task. Few studies have been done in the
past which discussed about the stresses among scholars. A survey is done to find out the
effect of different factors that cause stress among scholars (some of which are discussed
above) based on their performances and uses different statistical techniques like Descrip-
tive Analysis, Correlation Analysis, and Multiple Regression Analysis and it was found out
that Physiological factors have a significant contribution in stress (Prasad & Vaidya, 2017).
Moreover, some studies reported that responsibilities regarding academics, financial prob-
lems, work-life balance, and discrimination among minority students act as stressors for
the students (El-Ghoroury et al., 2012). A preventive approach is also suggested by some
researchers to improve the course completion time as well as explored the reasons why
students did not discuss the difficulties with their supervisors (Manathunga, 2005). Even,
a Regression analysis is also done to find the factors that increase the student success rate
and results show that there should be a good match between the student and the supervisor
(Roojj et al., 2021). Even past studies identify different sources of stress but these studies
ignore the fuzziness which is important for real-life situations, the relationship among the
factors, and the mathematics behind it. Moreover, the percentage share of different factors
causing stress has not been explored properly.

Therefore in this study, we are using the fuzzy DEMATEL-ANP with a Triangular
approach to investigate how different factors affect performance and cause stress among
students by evaluating their weights and analyzing the relationship among the factors, and
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comparing it with the DEMATEL and DEMATEL-ANP and their overall ranking using the
Borda score (Hu et al., 2015; Truchon, 2008; Saari, 2000).

DEMATEL

The DEMATEL method was developed by the Battelle Memorial Institute of Geneva to
solve bigger complex problems (Fontela & Gabus, 1976). The DEMATEL method is a
comprehensive approach that is adopted by many researchers to cover different aspects of
analysis in multiple fields and to find feasible solutions of a complex problem. It helps us to
construct and analyze a structural and hierarchical model, analyze the direct-indirect rela-
tionships, and also the cause-effect relationships among the criteria (Li & Tzeng, 2009). In
DEMATEL, cause refers to the factors that have an impact on the other factors and effect
refers to the factors that are influenced by other factors within the system. This relationship
is important for making predictions and informed decision-making by the decision maker.
The steps to be followed in DEMATEL are as follows:

(1) The first step in DEMATEL comprises understanding the problem, extracting the fac-
tors/dimensions that define our research problem based on past studies and from the
views of the experts, and the dimension’s influence degree is based on the 5-point
scale i.e., 0—No Influence (NI), 1—Very Low Influence (VLI), 2—Low Influence
(LI), 3—High Influence (HI), 4—Very High Influence (VHI).

(2) Construct a direct relationship matrix M by using a Questionnaire that was filled by the
experts using the above-mentioned scale and then the net direct relationship matrix M’
is evaluated using Eq. (1).

0 M, ..M, N

M = 1‘4.21 O A{ZrzandM/=lZng’ (l)
. . . . m ~
My, Mg, ... 0

where M;; represents the values that were given by the experts by keeping in mind
how i factor influences the j" factor, m represents the number of experts and 0 <My,
M <4.

(3) A normalized relation matrix (X) is calculated using the net direct relationship matrix
and given by Eq. (2):

1
max Y M; @)

1<i<n

X = k.M wherek =

(4) The total relationship matrix (7) was evaluated by the normalized matrix X by Eq. (3).

T=XI-X)"' 3)

(5) Calculate the sum of each row which is represented by R, and the sum of each column
represented by C; R;+ C; is calculated to analyze the relationship among the factors.
Higher the value of R;+ C;, the higher the relationship among the factors and vice-
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versa. R;— C; is calculated to analyze the kind of relation between the factors. If the
value comes out positive then the factor belongs to the causal group and if the value
comes out negative then it belongs to the effect group.

(6) Calculate the threshold value (1) which is given by Eq. (4) to check which factor has a
negligible effect on other factors.

X X (M
= smse

A €]

(7) Analyze the direct—indirect relationship using the cause-and-effect diagram. It tells us
about the importance of criteria as well as their level of influence in a complex problem.

DEMATEL-ANP

DEMATEL-ANP is a coupled MCDM (Multi-criteria Decision Making) method that com-
bines DEMATEL and ANP. Although we can easily analyze the relationships among the
factors as well as the weights using these methods individually but there are some short-
comings in DEMATEL as well as in ANP, relationship maps do not have any relation-
ship loops and the factors interact linearly in DEMATEL. Similarly, while calculating
the weighted supermatrix in ANP, the influence of various degrees among the factors is
ignored (Ou Yang et al., 2008).
The steps to be followed in DEMATEL-ANP are as follows:

(1) Steps 14 are same and followed in the same manner as explained in the above DEMA-
TEL method.

(2) In Step-5, take the total influence matrix 7 that we get in Step-4 as an unweighted
supermatrix (U) of ANP.

(3) In Step-6, normalize the matrix U to get the weighted supermatrix (U*).

(4) In Step-7, from weighted supermatrix (U*) generate a limiting supermatrix (L) to
calculate the DEMATEL-ANP weights and rank the factors according to the weights.

Fuzzy DEMATEL-ANP with the triangular approach of responses

In analyzing different real-life situations, the satisfaction level is based on properties which
are usually defined using some predefined scale with a precise value. But sometimes it
does not reflect the reality if these precise value scales are used. As there are hidden dif-
ficulties in implementing the methodology on a real-world dataset, it is necessary that it
should be automated. To ease this problem (Hao et al., 2013) proposed probability distribu-
tion criteria to localize predicate-based statistical fault. Moreover, in situations where the
simulations predicted behaviour is uncertain or involves random fluctuations, it is difficult
to categorize sets. Kamensky et al. (2011) categorize their outputs into passing and failing
sets by the use of the membership function concept in fuzzy theory during non-determin-
istic simulations. Therefore, fuzzy numbers are used in place of precise values to properly
evaluate the satisfaction degree and analyze the results (Gharakhani, 2012).
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In this study, we combine the fuzzy theory with DEMATEL-ANP to get ideal solu-
tions from group decision-making with a variation in the CFCS (Converting fuzzy
data into crisp scores) during the defuzzification process which proved to be effective
by researchers rather than the centroid method (Yu, 2008). A triangular approach of
responses (Rajput & Singh, 2019) is applied during the integration of the crisp val-
ues rather than the average method which means the Integration of crisp values is done
by assuming optimistic, pessimistic, and most-likely situations. A detailed procedure
of applying the Fuzzy DEMATEL-ANP with the triangular approach of responses is
described below:

(1) The first step comprises understanding the problem and forming the key factors that
define our research problem based on past studies and the views of the chosen experts.

(2) The fuzzy scale is defined to handle the vagueness involved in human perceptions
(Gharakhani, 2012; Li, 1999). The linguistic terms along with their influence score
and fuzzy numbers are shown in Table 2.

(3) Construct a fuzzy initial direct relation matrix X* by using the expert opinions as well
as the fuzzy numbers where k represents the number of experts and X*= [xg.], x;; is the
influence of factor i on factor j, and x;= 0 where i=j.

[0,0] ®xf, ... ®x’}:n
@+, [0.0] ... ®

X,

Rx @xt, ... [0,0]

Xk =

where [;,m;;,u;; represents the lower, median and upper value of the perception.

P

4. Normalize the fuzzy initial direct relation matrix X* by using Egs. (5-11). The process
of normalization is as follows:

1. Normalise these fuzzy numbers by using Eqs. (5-7).

no_ no__ s n
xuij = (MU min lij)/AmiﬂmaK’ (5)

no__ no__ s m
X = (mlj min lij> / A g, 6)

Table2 Scores & fuzzy number

R Linguistic term Score Fuzzy number
of linguistic term

No influence 0 (0, 0,0.25)
Very low influence 1 (0, 0.25,0.5)
Low influence 2 (0.25, 0.5, 0.75)
High influence 3 (0.5,0.75, 1)
Very high influence 4 (0.75,1, 1)
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10.

n __ n s omn
xlu = <lU — min lij)/Amin"mx’ (7)
where Aﬁfg‘ = max u:; — min l;’/. &xu:'].,xm;]’.,xlg represents the initial normalized

values.
Calculate left(/v) and right(uv) normalised value by using Eqs. (8, 9).

no__ n n n
xuv;; = xuij/<l + Xuy; — xmi,>, (8)

xlv;j’. = me/(l + xml']’. - xl?}) 9)
Calculate total normalized crisp values by Eq. (10).

xD 1 —xD% ) + xuv? * xuv?
. ij if ij ij

= (10)
[1 - xlv;j‘. + xuvg]

Compute the crisp values for each decision maker and make a matrix by Eq. (11).
Zj; = min [ + x; + AT an

min

Integrate all the crisp values using the triangular approach of responses i.e., here we
take three cases to get the final integrated matrix i.e., optimistic, pessimistic, and most-
likely responses.

Case 1 For the Optimistic case, we integrate the opinion of the experts by taking
the maximum value which is given by Eq. (12).

Z; = max (ZZ) wherel < n< k (12)

Case 2 For the Pessimistic case, we integrate the opinion of the experts by taking
the minimum value which is given by Eq. (13).

Z; = min <Zl’/‘> wherel < n< k (13)

Case 3 For the Most-Likely case, we integrate the opinion of the experts by taking
the average value which is given by Eq. (14).

1 k
Zy=1 Dok (14)

n=1

Create a generalized normalized matrix X by using Eq. (15).

X =kZ.andk = ———
[} n 1
/ max ijl Z. (15)

The total relationship matrix (T) is evaluated by using Eq. (16).

T=X(1-X)"! (16)
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11. Calculate the sum of each row which is represented by R; and the sum of each column
represented by C;. The higher the value of R;+ C;, the higher the relationship among
the factors and vice-versa. Further, it represents the extent to which the factor i con-
tributes to the system (total sum of effect received and given). R;— C; is calculated
which shows the kind of relation between the factors. Further, it indicates the overall
impact that factor i has on the system (Falatoonitoosi et al., 2013). If its value comes
out positive then the factor belongs to the causal group or that factor is a net causer
and if the value comes out negative then it belongs to the effect group or to the net
receiver group.

12.  In Step-9, take the total influence matrix T that we get in Step-7 as an unweighted
supermatrix (U) of ANP.

13. In Step-10, normalize the matrix U to get the weighted supermatrix (U*).

14. In Step-11, from weighted supermatrix (U*), generate a limiting supermatrix (L) to
calculate the DEMATEL-ANP weights and rank the factors according to the weights.
Calculate the overall ranking of the model using the Borda score.

Application of the proposed approach in finding the contribution
of stress factors in the Ph.D. journey

In this study, we mainly focus on finding the contribution of critical stress factors that
affect doctorate students during their academic careers and become a hindrance to their
success. Based on the severity and complexity of the problem and to overcome the issues
of relationship loops and the linearity among factors, fuzziness in the data and to avoid the
ignorance of influencing characteristics among the factors, we proposed a novel methodol-
ogy of MCDM. In this study, we are using fuzzy DEMATEL-ANP based on the triangular
approach of responses and evaluate the direct as well as the indirect relationships among
the factors. The prototype of the proposed approach is shown in Fig. 1 and the steps to be
followed are as follows:

Step 1 After going through the rigorous literature survey and keeping in mind the
experts’ views, a prototype is designed for the factors causing stress that includes 7 factors
and 15 cofactors which are mentioned in Table 1. A Questionnaire is designed to collect
data from experts to evaluate the influences of one factor over another. Scores of 0, 1, 2, 3,
4 represent NI, VLI, LI, HI, and VHI respectively which are given by the decision makers
based on their experiences.

Step 2 Before the implementation of the proposed model, 10 decision-makers who have
experience in this domain and have gone through these stages evaluated the factors taken
for this study. Evaluators are of different ages and have different work experiences working
with different organizations and in different fields. Based on their knowledge and expertise,
they have different opinions. The evaluator’s characteristics are given in Table 3.

Step 3 A five-point scale is used by the evaluators and the comparison is made by the
linguistic variables given in Table 2 with their influence score. Total comparisons made by
the decision maker based on the scale is 15X 15.

Step 4 Generate direct fuzzy relation matrix M by using Step-3 described in “Fuzzy
DEMATEL-ANP with the triangular approach of responses” section.

In this study, each decision maker is given a 15%15 decision matrix for the compari-
son of stress factors during the filling of the questionnaire. Here CF stands for cofactors.
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Fig. 1 Prototype of the approach

EF' represents the factors taken for this study. Data in the form of a complete direct fuzzy
matrix of ten experts is given in Online Appendix A.

Step 5 Convert the direct fuzzy relation matrix M into the initial direct relation matrix.

In this step, we convert the fuzzy numbers into crisp values for each evaluator’s direct
fuzzy relation matrix by using Egs. (5-11) and then compute the aggregated values of the
initial direct matrix by using the optimistic, pessimistic and, most-likely approach by using
Egs. (12-14) and the most-likely result is shown in Table 4. Refer to Online Appendix A
for the optimistic and pessimistic Results.

Step 6 Construct normalized matrices (N) for each approach by using Eq. (15). Refer to
Online Appendix A for the normalized optimistic, pessimistic, and most-likely results.

Step 7 Construct a total relation fuzzy matrix (T) for each approach using Eq. (16). The
most-likely approach is shown in Table 5.
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Table 3 Evaluators table

Decision Age Exp  Job description

maker

(DM)

DM 1 50-55 >22 Professor in a reputed university and wrote many research papers

DM 2 50-55 >25 Head at Bhabha Atomic Research Centre

DM 3 50-55 >20 Professor in a reputed university and wrote many research papers

DM 4 40-50 >15 Professor in a reputed university

DM 5 30-35 >10 Professor in a reputed university

DM 6 30-35 >10 Professor in a reputed university

DM 7 30-35 >10 Working as a senior manager in corporate and doing research in the field of
finance

DM 8 25-30 >S5 A part-time Ph.D. student and is doing research in the field of Al and data
science

DM 9 25-30 >4 Ph.D. Late-Stage Student

DM 10 25-30 >3 Ph.D. Early-Stage Student

Table 4 Initial direct relation matrix with most-likely approach

EF! EF* EFF EF* EF EF® EF' EF® EF EF° EF! EF? EF“® EF“ EFVP

EF' 0 058 042 033 021 061 026 039 029 029 061 061 045 05 0.57
EF? 051 0 026 037 026 045 03 05 042 018 046 026 0.62 026 0.5
EF° 0.66 026 0 0.78 058 0.74 046 047 043 026 058 066 05 0.66 0.57
EF* 062 03 074 0 0.69 081 0.85 0.62 062 066 054 0.66 0.66 0.58 0.58
EFF 03 0.14 066 07 0 073 035 034 0.18 046 038 058 042 042 0.42
EFS 058 022 062 0.69 058 0 046 042 037 0.69 0.69 058 062 0.58 0.69
EF7 041 03 039 074 05 062 0 058 05 058 054 038 035 0.69 0.7
EF® 043 046 034 035 021 042 077 0 034 038 066 054 065 062 0.54
EF° 038 049 03 054 026 033 034 073 0 05 065 077 054 055 0.7
EF’ 03 014 057 07 05 085 073 046 03 0 0.77 058 054 0.66 0.57
EF'!' 037 05 042 062 053 062 058 069 034 07 0 0.62 0.65 0.66 0.66
EF2 042 03 034 062 046 07 042 074 037 046 0.78 0 0.66 0.69 041
EF 058 0.54 042 047 042 058 034 058 0.66 042 05 066 0 0.43 0.62
EF* 037 03 069 077 057 085 077 0.78 054 042 074 062 07 0 0.5
EFY 042 038 043 054 034 062 058 062 0.7 033 057 038 062 054 0

Step 8 Calculate the R;+ C; and R; — C; and analyze the values.

As the value of R;+C; in all three approaches is maximum for factor EF* (Supervisor
Feedback) and minimum for factor EF? (City/Country Change). Therefore, EF* (Supervi-
sor Feedback) is the most influential factor and EF? (city change) is the least influential fac-
tor. The negative value of R; — C; means the factor belongs to the effect group and the posi-
tive value depicts that it belongs to the cause group. Moreover, EF'® (Uncertain future) has
the highest value of R; — C; which means this is also the most influential factor besides EF*
which need more attentlon Moreover, through the analysis of this study, we can conclude
that the factors which belong to the causal group are more powerful than other factors. To
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Table 5 Total relation matrix in terms of the most-likely approach

EF! EF* EFF EF* EF EF° EF’ EF® EF EF EF! EF? EF® EF“* EFY

EF! 0.19 021 024 028 021 033 025 028 022 023 032 030 029 029 030
EF? 022 0.3 020 025 0.9 027 022 026 021 0.19 027 023 027 023 026
EF° 031 021 025 038 029 040 032 034 027 027 037 036 035 036 035
EF* 034 024 036 035 034 046 040 040 0.33 035 042 040 041 040 040
EF° 023 0.16 027 032 0.19 035 026 028 021 025 030 030 029 028 0.29
EF® 030 021 032 038 030 034 033 035 027 032 039 036 037 036 037
EF’ 027 021 028 037 028 038 026 034 027 029 036 032 032 035 036
EF® 025 021 025 030 023 033 032 026 024 025 034 031 033 032 032
EF’ 026 022 026 034 024 034 029 035 021 028 036 035 033 033 035
EF® 028 020 032 038 029 042 036 035 027 025 040 036 036 037 0.36
EF!' 029 024 030 038 030 040 034 038 027 032 032 037 037 037 037
EF? 028 021 028 036 027 039 031 036 026 029 038 028 036 035 0.33
EF® 028 023 027 033 026 036 029 034 028 027 034 034 028 032 034
EF* 031 024 035 042 032 046 039 041 031 032 043 039 040 033 039
EFY® 027 021 027 034 025 037 031 034 029 026 035 031 034 033 0.28

remove this problem, universities as well as concerned authorities should focus on these
factors following which other factors in the effect group are also improved as they are
directly affected by the factors presenting in the causal group (see Table 6).

Step 9 Draw the digraph of the causal-effect relationship as shown in Fig. 2. Refer to
Online Appendix A. for the optimistic and pessimistic results.

Step 10 Take the total matrix that we get from fuzzy DEMATEL as the unweighted
matrix (U) of ANP.

Step 11 Construct the weighted matrix (U*) by dividing each entry of the unweighted
matrix by its row sum which is shown in Online Appendix A.

Step 12 Construct a limiting supermatrix (L) by multiplying U* by itself until it becomes
convergent and reaches a particular number. From this matrix, we can see the contribution
of each factor in causing stress. From Table 7, we can conclude that Academic Issues (Poor
Writing Skills as well as Publication issues) together with Satisfaction with topic selection
during course work period as well as the supervisor’s feedback contribute more causing
stress to the doctoral students.

Analysis of ranking of key factors by the proposed methodology

In this study, we are using the concept of fuzzy DEMATEL to overcome the issue of pre-
cise values as well as combine it with the ANP which overcomes the dependency as well
as looping issues among the criteria (Yu, 2008). Here ranking is done based on the Borda
score (Zadeh, 1965) to avoid the problems of each method in evaluating the rank. As we
are using three approaches to integrate the data received from different decision makers,
for the evaluation of the rank, the rank of prominence i.e., R;+ C; of fuzzy DEMATEL with
each approach, and the rank of the Fuzzy DEMATEL-ANP are summed up to get a single
score and combined rank is shown in Table 8 for most-likely approach.
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Causal Diagram
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Fig.2 For most-likely approach

Performance of the proposed model

Based on the different results obtained by fuzzy DEMATEL-ANP by all the three
approaches i.e., Optimistic, Pessimistic, and most likely, the performance of this approach
is evaluated by the symmetric mean absolute percentage error square error test (SMAPE).
This test is used to check the accuracy of the models and it imposes less penalty for nega-
tive errors (Krishnan et al., 2021). In this study, for calculating the SMAPE equation is used

n W
w J
W= 4

smAPE = 100%
noF ()
2

o W)
c (18)

Here W represents the aggregated weight and W; represents the weight of each criterion
and n represent the number of the methods used to calculate the weights. Table 9 shows
the SMAPE for each proposed model and from the results we find out that that Most-likely
approach of the fuzzy DEMATEL model has more accuracy than the Optimistic and Pes-
simistic approaches.

Sensitivity analysis

Sensitivity analysis is a popular method in MCDM to test the robustness of various
models and to check the reliability of decisions made by the decision maker. It tells us
how a small change in the input will affect the output. In this study, we are looking at
the effect of different combinations of inputs that we obtained. As from the performance
metrics (SMAPE), we already identified that fuzzy DEMATEL-ANP based on the most-
likely approach is the most accurate model. Now, we are taking different scenarios (See
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Table 8 Ranking based on most-likely approach

Most-likely Fuzzy DEMATEL Rank Fuzzy D-ANP  Rank Borda score Overall rank

(prominence value) (weights)

EF! 7.97 13 0.059 12 25 12

EF? 6.57 15 0.046 15 30 15

EF? 9.07 11 0.061 10 21 10

EF* 10.79 1 0.075 3 4 2

EF° 7.94 14 0.057 13 27 14

EF® 10.58 2 0.081 1 3

EF’ 9.32 8 0.067 9 17 9

EF® 9.31 9 0.072 6 15 8

EF’ 8.42 12 0.057 14 26 13

EF'? 9.09 10 0.060 11 21 10

EF!! 10.38 4 0.077 2 6 3

EF"? 9.71 5 0.072 8 13 7

EF" 9.59 6 0.073 5 11 5

EF'* 10.46 3 0.072 7 10 4

EF® 9.58 7 0.073 4 11 5

Table9 Model performance

f-DANP (optimistic) f-DANP (pessimistic) f-DANP (most-likely)

sSMAPE 13.6% 20.3% 5.2%

Table 10 Different scenarios Decision makers Scenario 1 Scenario 2 Scenario 3
DM 1 0.1 0.2 0.2
DM 2 0.1 0.18 0.25
DM 3 0.1 0.15 0.2
DM 4 0.1 0.12 0.025
DM 5 0.1 0.1 0.025
DM 6 0.1 0.1 0.025
DM 7 0.1 0.05 0.025
DM 8 0.1 0.05 0.05
DM 9 0.1 0.025 0.1
DM 10 0.1 0.025 0.1

Table 10). Initially in Scenario 1, decision-makers are assigned equal weights, and then
weights are changed according to their professional experience, job domain, and age in
the rest of the scenarios i.e., professors and Ph.D. scholars can relate more to this rather
than the industrial expert so more weights assigned to them.The result of the cause-and-
effect analysis is shown in Table 11.
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Table 11 Prominence and

relation value in different Scenario 1 Scenario 2 Scenario 3

scenarios Ri+Cj Ri - Cj Ri+Cj Ri - Cj Ri+Cj Ri - Cj
7.973 —0.153 6.607 —0.164 6.762 -0.222
6.567 0.240 5.884 0.208 5.867 0.240
9.071 0.599 8.647 0.572 7.071 0.607
10.791 0.414 9.425 0.471 9.777 0.328
7.942 0.003 6.226 0.004 6.873 —0.003
10.582 —0.630 9.970 —0.646 10.233 —0.537
9.323 0.017 8.804 0.017 8.398 0.018
9.315 —0.740 9.983 —0.864 9.255 - 0.693
8.423 0.590 8.406 0.408 8.131 0.438
9.094 0.837 9.503 0.830 9.178 0.779
10.379 —0.310 9.379 -0.319 10.454 —0.367
9.708 -0.273 9.025 —0.248 9.598 -0.218
9.588 -0.522 9.190 -0.516 7.036 —0.684
10.457 0.491 10.107 0.404 10.425 0.473
9.576 —0.563 9.806 —0.530 8.298 —-0.610

From Table 11 we can see that the ranking remains almost unchanged in all the sce-
narios irrespective of taking different weights and we get valid results that are close to the
choices of the decision makers.

Conclusion

This study proposed a novel research framework i.e., fuzzy DEMATEL-ANP with a tri-
angular approach of responses to analyze and identify the factors of stress among doctoral
students and their individual contribution in terms of weights which help the concerned
authorities which may be universities here or the family of the students or student them-
selves to analyze the severity of the situation and take actions accordingly. Recently, we
have heard so many cases of suicide of students because of stress so working on these
factors can act as a pre alarming sign in such cases. In this study, we try to improvise the
existing DEMATEL-ANP technique by coupling it with the triangular approach so that we
get the result from each angle of perception. The superiority of the proposed method is that
here we are using the fuzzy approach which handles the linguistic as well as probabilistic
approach. Moreover, ANP is coupled with the DEMATEL to overcome the looping disad-
vantage in DEMATEL. The triangular approach of responses covers all types of possibili-
ties of perceptions that we can have i.e., ranges from the optimistic to the most likely and
to the pessimistic approach. All three approaches for the integration of crisp values are dif-
ferent in nature. Optimistic and Pessimistic approaches are dependent on the maximum and
minimum values i.e., different values given by decision makers are integrated by taking
their maximum in the optimistic case and minimum in the pessimistic case which some-
where loses the important data and also causes biasedness. We have also verified this in
the performance analysis process where SMAPE is higher in the case of the optimistic and
pessimistic approaches. The validation of the model is also done by doing the sensitivity

@ Springer



Scientometrics (2024) 129:4695-4719 4715

analysis by taking different cases and we obtained the results that are very close to the
original results.

The analytical result of the study and the suggestions are described below. The result of
the optimal approach is described here. The factors belonging to the cause group directly
or indirectly affect the effect group factors so our focus should be more on the cause group.
The value of R;+C; in all three approaches is maximum for factor EF* and minimum for
factor EFZ. Therefore EF* (Supervisor Feedback) is the most influential factor which
means it has a maximum relationship with other factors and EF? (city change) is the least
influential factor. Moreover, EF® (Uncertain future) has the highest value of R; — G which
means this is also the most influential factor besides EF*. Moreover, Academlc Issues
(Poor Writing Skills as well as Publication issues) together with the Satisfaction with topic
selection during course work period as well as the supervisor feedback contribute more in
causing stress to the doctoral students. Therefore, authorities need to focus on these factors
so that other factors are also improved.

Universities should give proper training to the students on writing a research article as
well as how to search journals in the first year itself. In addition, universities can organize
mental health wellness programs, frequently interact with the students, and address their
issues. Supervisors should help their students in the selection of topics in their desired
interest area. They should monitor their students’ performance regularly and universities
can also provide training to the supervisor for this. Research Students can do yoga for
their mental health, they should give regular updates to their supervisor and discuss their
ideas with them, and upgrade their skills by taking different courses that will enhance their
research career.

Although the proposed framework is analyzed by the experts but still there are some
suggestions or scope for future research. Due to the limitation on resources and time, the
questionnaire was filled by a few decision makers which can be increased in further studies
also more factors can be explored besides those mentioned in this study as it will increase
the strength of the analysis. Moreover, in future studies, researchers may link this analysis
to check the mental health condition of the students.

Supplementary Information The online version contains supplementary material available at https://doi.
0rg/10.1007/s11192-024-05108-x.
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