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PAPER

Explanatory Model on Academic Self-Efficacy  
in Engineering Students: Role of Anxiety,  
Dysthymia, and Negative Affect

ABSTRACT
Students in engineering tend to be loners, making interpersonal relationships and mental health 
issues more likely to arise. The COVID pandemic caused university students to experience anxi-
ety and depression, which affected their academic performance and self-esteem. However, stu-
dents’ mental health was rarely evaluated after the pandemic, especially engineering students, 
who showed higher levels of depression than students from other disciplines. The present study 
aims to establish an explanatory model of academic self-efficacy based on factors related to 
mental health, such as anxiety, depression, and negative emotions. The method used was quan-
titative cross-sectional, and a structural equation modeling was used. A sample of 561 students 
(54.4% males and 45.6% females) was analyzed. Instruments to measure self-efficacy, negative 
affect, depression, and anxiety, previously validated and with adequate reliability, were applied. 
The results showed that a state of anxiety affects academic self-efficacy negatively and directly; 
depression and negative affect indirectly affect academic self-efficacy mediated by a state of 
anxiety. These results show that a student with depression problems and a predominance of 
negative emotions is vulnerable to present anxiety in an academic setting. This anxiety causes 
his efficacy beliefs to decrease. As a result, he does not feel capable of facing academic challenges.

KEYWORDS
self-efficacy, anxiety, depression, emotions, structural equation modeling (SEM)

1	 INTRODUCTION

The COVID-19 pandemic presented significant challenges for universities in Latin 
American countries. In response, many universities rapidly transitioned to remote 
learning, significantly shifting educational practices and knowledge acquisition [1]. 
Reports indicate that university students in Latin America experienced increased 
rates of depression, anxiety, and stress [2], [3], and this impacted their sleep patterns 
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during the pandemic [4]. These findings highlight the impact of the pandemic on 
students’ mental health, which may have been exacerbated by quarantine and social 
isolation measures. At the beginning of the 2020-21 academic year, more than 80% 
of college students expressed distress related to the uncertainty of the educational 
environment. Moreover, 67% students believe that the ongoing coronavirus pan-
demic has resulted in an inability to plan for their future [5]. While universities have 
since shifted to a hybrid system, the challenges associated with this new adaptive 
process have yet to be fully studied [6]–[8]. Thus, it is crucial to continue monitoring 
and researching the effects of the pandemic on university students in Latin America.

On the other hand, engineering students often prefer to work independently and in 
solitude compared with students in other majors [9], [10]. Consequently, engineering 
students tend to have poorer socialization levels than their peers in other disciplines 
[11]. Low levels of socialization can have a direct impact on emotional and cognitive 
stability. It is important to note that while solitary behavior may have helped engineer-
ing students cope with social confinement during the pandemic, the post-pandemic 
return to face-to-face education presents a new set of challenges. Thus, it is crucial 
to continue exploring the impact of socialization on engineering students’ academic 
performance and mental health in remote and face-to-face learning environments.

The COVID-19 pandemic has significantly impacted the mental health of engi-
neering students, who have reported higher levels of depression, anxiety, and stress 
than medical students [12]. In addition, factors contributing to positive and nega-
tive mental health outcomes are closely related to an individual’s beliefs about their 
ability to succeed (i.e., efficacy beliefs) [13]. Therefore, it is crucial to investigate 
the factors that may decrease academic self-efficacy, especially among engineering 
students, who are typically independent and may experience feelings of loneliness. 
To achieve this, studies are needed to examine the mental health factors affecting 
engineering students’ self-perception of efficacy in the post-pandemic context.

1.1	 Research model

Self-efficacy refers to a person’s belief in their abilities to accomplish specific tasks 
or achieve certain goals [14]. This psychological phenomenon is crucial in guiding 
behavior and promoting success [15]. Self-efficacy is a complex construct that encom-
passes cognitive, emotional, and motivational factors [16]–[18], and it facilitates the 
regulation of behavior toward the attainment of goals [19], [20]. Studies have shown 
that poor self-efficacy is associated with academic failure among students [21]. 
Given the constant academic challenges and increasing demands college students 
face, developing self-efficacy is critical for their success in academic endeavors.

Self-efficacy has been studied with other psychological factors, including 
self-esteem, grit, academic self-regulation, motivation, satisfaction, psychological 
well-being, achievement expectations, positive stress, and academic success [22]–[24]. 
While self-efficacy is often associated with positive outcomes, it is also linked to neg-
ative factors, such as procrastination, negative stress, negative emotions, anxiety, 
and depression [25], [26]. This raises the question of whether mental health fac-
tors directly impact academic self-efficacy. Some studies have provided evidence of 
this association [13], [27], but their focus has not been on educational settings, and 
further research is necessary to examine their replicability among students.

Anxiety and depression are among the mental health factors that have been 
reported to increase during the pandemic [28], highlighting the need to study them in 
the post-pandemic context. Therefore, the need to study them in the post-pandemic 
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context has become relevant. Furthermore, anxiety and depression negatively impact 
interpersonal relationships, family, and emotional bonds, leading to self-criticism 
[29], [30]. Anxiety can also impair daily functioning and performance, but research 
suggests that learning to manage anxiety can help students develop new behav-
ioral and emotional self-control competencies [31], [32], enhancing their capabilities. 
However, anxiety has been found to have a negative effect on academic self-efficacy 
[34]. When a student experiences anxiety, they may experience self-doubt and create 
a stressful environment that can impede their academic performance. Depression is 
also known to hinder academic performance, and several studies have investigated 
its association with academic self-efficacy [33], finding a negative effect where high 
levels of depression decrease self-efficacy.

A structural equation modeling (SEM) model must be used to develop an explana-
tory model based on the variables of interest. SEM is a powerful statistical technique 
that allows researchers to evaluate complex relationships among multiple variables. 
It has become increasingly popular in social science research, including psychology, 
sociology, and education. This technique enables researchers to develop and test the-
oretical models, including observed and unobserved variables [34]. However, before 
using SEM in a study, it is essential to assess the validity and reliability of the model.

Validity refers to the extent to which the model accurately measures what it 
intends to measure. In the case of SEM, the model should accurately reflect the 
theoretical relationships between the variables of interest. The validity of SEM 
models can be assessed using several methods, including confirmatory factor anal-
ysis, goodness-of-fit tests, convergent and discriminant validity, and comparison of 
alternative models [35]. Reliability refers to the consistency of the measurements 
[36]. In SEM, reliability can be assessed by estimating the internal consistency of the 
observed and latent variables. Additionally, assessing the stability of the model over 
time and across different samples can help determine its reliability.

Based on the explanation above, the following hypotheses were formulated:

•	 H1: State anxiety has a direct and negative effect on self-efficacy.
•	 H2: Dysthymia has a direct effect on state anxiety.
•	 H3: Negative affect has a direct effect on state anxiety.
•	 H4: Dysthymia has an indirect effect on self-efficacy through state anxiety.
•	 H5: Negative affect has an indirect effect on self-efficacy through state anxiety.

Fig. 1. Hypothesized research model
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2	 MATERIALS AND METHODS

2.1	 Sample

The data were obtained through nonprobabilistic convenience sampling. The 
participants were 561 students of industrial engineering (36.9%), economic engi-
neering (48.5%), and systems engineering (14.6%). The mean age of the participants 
was 23 years (SD = 4.89 years, range = 18–50 years). A total of 75.4% of those eval-
uated were single, 20.9% married, 2.7% divorced, 0.5% widowed, and 0.5% did not 
report their marital status. Also, 49.4% reported that they studied full-time, 8.7% 
worked part-time, 31.6% worked full-time, 9.4% were self-employed, and 0.9% did 
not report.

2.2	 Instruments

The information collection was done through the survey technique. We used four 
instruments to measure the established variables.

The study used four different instruments to measure different psychological 
factors in the students. The first instrument was the Academic Situations Specific 
Perceived Self-Efficacy Scale (EAPESA) [37], which had nine items that students 
answered on a five-point scale. It was found to have good reliability and psycho-
metric properties, meaning it is a useful tool for measuring perceived self-efficacy in 
university students. In its last psychometric review, the instrument had a unidimen-
sional structure [38], where indices of its factorial structure (CFI = 0.99; TLI = 0.99; 
RMSEA = 0.07; SRMR = 0.03) and reliability (α = 0.91; ω = 0.91) were adequate.

The second instrument used was the State Anxiety Subscale of the State-Trait 
Anxiety Questionnaire (STAI), which had six items that students answered on a 
five-point scale. This instrument was found to be reliable for measuring state anxiety 
in adult populations (λ4 = 0.86) and had a single construct, making it easy to interpret.

The third instrument was the Scale of Positive and Negative Experience (SPANE) 
[39], which assesses positive and negative affect through twelve items. Cassaretto 
and Martínez-Uribe [40] validated the instrument, and they obtained adequate reli-
ability for positive affect (α = 0.91) and negative affect (α = 0.87). This shows that 
SPANE has demonstrated reliability in samples of university students.

Finally, the Trait State Depression Inventory instrument, validated by 
Dominguez-Lara [41], was used to assess dysthymia. TSDI consists of twenty items: 
ten for dysthymia and ten for euthymia. The instrument obtained Aiken’s V value 
above 0.80, and an exploratory factor analysis was performed with a two-factor 
solution. The reliability was adequate (> 0.70).

2.3	 Procedure

In order to be able to apply the instrument, first, the project’s approval was 
obtained through the Ethics Committee of the University Sciences and Humanities 
(CEI Act N° 029; Cod.: 043-22). Then, a virtual form was prepared with informed con-
sent and the previously specified instruments. The distribution of the form took place 
between November and December 2022. Participants had 15 minutes to answer the 
form. The support of university teachers was used to distribute the form. Finally, all 
the evaluated gave their informed consent to participate in the study.
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2.4	 Analysis technique

The R Studio environment (v. 4.2.2.) was used for the analysis. First, descriptive 
statistics were evaluated, ensuring that the items of each latent factor presented 
univariate normality; for this, the criterion of skewness (±2) and kurtosis (±8) was 
used [42]. Subsequently, the correlation matrix between latent factors was evaluated 
through Cohen’s criterion [43], in which a relationship is weak (0.10), medium (0.30), 
or strong (0.50). Discriminant validity was analyzed using the Heterotrait-Monotrait 
criterion [44], which must be less than 0.85 to ensure independence between latent 
variables.

For the structural equation model, the items were a Likert-type scale; however, 
they were considered continuous [45]. For SEM, we used The Robust Maximum 
Likelihood estimator [46]. The following fit indices were evaluated: chi-square (χ2), 
degrees of freedom (gl), comparative fit index (CFI), Tucker Lewis index (TLI), and 
root mean square error of approximation (RMSEA) with confidence intervals (CI 90%) 
[47]. The following criteria were considered to evaluate the fit indices: >.90 (CFI, TLI); 
<.08 (RMSEA; CI 90%). In addition, the coefficient of determination (R2; Cohen, 1988) 
was analyzed. Small (0.02), medium (0.15), and long (0.35) size criteria were used. 
Confidence intervals were calculated at 95% using the bootstrapping procedure 
with 5000 resamples [48]. Therefore, the standardized (β) and unstandardized (β) 
estimators and their confidence intervals obtained through the bootstrapping tech-
nique with 5000 resamplings will be presented when describing the results.

3	 RESULTS

The items for each variable were first analyzed (Table 1), and it was found 
that their skewness and kurtosis were adequately distributed (within ±2 and ±8, 
respectively). The reliability of the latent variables was assessed using alpha (α) and 
omega (ω) coefficients, which were both greater than 0.70, and composite reliability 
(CR), which was greater than 0.60 [49]. Next, the correlation matrix between latent 
variables was calculated, and coefficients between 0.41 and 0.73 were obtained. 
Coefficients below 0.80 indicate independence between variables. Discriminant 
validity was also assessed using the Heterotrait-Monotrait criterion [44], and the 
results demonstrated independence between the variables with coefficients lower 
than 0.85.

Table 1. Reliability, matrix correlation, and discriminant validity

Reliability Matrix Correlation and 
Discriminant Validity

CR α Ω 1 2 3 4

1.	Academic self-efficacy 0.90 0.90 0.90 – –0.54 –0.41 –0.43

2.	State anxiety 0.75 0.74 0.74 –0.56 – 0.72 0.68

3.	Dysthymia 0.91 0.91 0.91 –0.42 0.73 – 0.70

4.	Negative affect 0.80 0.79 0.79 –0.41 0.66 0.70 –

Note: Italics indicates discriminant validity (HTMT criterion).
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The hypothesized model (Figure 1) was tested, and adequate fit indices were 
obtained, with each index evaluated using different criteria as displayed (Table 2). 
The absolute measures were found to be marginally acceptable, while the incre-
mental fit and parsimony measures indicated the marginal acceptability of the 
model. These findings demonstrate that the model has an excellent empirical fit for 
evaluation.

Table 2. Summary of the goodness-of-fit indices

The Goodness-of-Fit Measure Index Value Cut-Off Value

Absolute-fit measures

Chi-square (χ2) 560.691 N/A

Degrees of freedom (df) 295 N/A

Significance level (p-value) 0.000 ≥ 0.05

Goodness-of-fit index (GFI) 0.912 ≥ 0.90

Root mean-square residual (RMR) 0.047 ≤ 0.08

Standarized root mean-square residual (SRMR) 0.043 ≤ 0.08

Root mean-square error of approximation (RMSEA) 0.040 ≤ 0.08

RMSEA CI 90% lower 0.036 ≤ 0.08

RMSEA CI 90% upper 0.045 ≤ 0.08

Incremental-fit measure

Comparative fit index (CFI) 0.949 ≥ 0.90

Tucker-Lewis index (TLI) 0.943 ≥ 0.90

Parsimonious-fit measure

Normed chi-square (χ2/df) 1.90 1.00–2.00

The hypothesized model was analyzed using both Figure 2 and Table 3. The latter 
presents the standardized regression coefficients and statistical significance, the 
unstandardized regression coefficient, and its confidence interval obtained by boot-
strapping (N = 5000), while the former illustrates the model with latent variables. 
Results confirmed the direct-effects hypotheses. When testing H1, it was found that 
the direct and negative effect of state anxiety toward academic self-efficacy is signif-
icant and robust (β = –0.57, p < 0.001; β = –0.64, CI 95%: –0.79, –0.51); similarly, it was 
found that the model explains 32% of the variance of self-efficacy. For H2, a direct 
and positive effect of dysthymia on state anxiety was also found (β = 0.52, p < 0.001; 
β = 0.36, 95% CI: 0.24, 0.49). Likewise, H3 was tested, and negative affect was found 
to have a direct, positive effect on state anxiety (β = 0.31, p < 0.001; β = 0.27, 95% 
CI: 0.10, 0.44). Both dysthymia and negative affect explained 59% of the variance in 
state anxiety. These results demonstrate the veracity of the direct-effects hypotheses.

Concerning indirect effects (Table 3), H4 showed that dysthymia has an indi-
rect and negative effect on academic self-efficacy through state anxiety (β = –0.30, 
p < 0.001; β = –0.23, 95% CI: –0.33, –0.15). Similarly, H5 posited an indirect effect of 
negative affect on academic self-efficacy through state anxiety that was negative and 
significant (β = –0.17, p < 0.001; β = –0.17, 95% CI: –0.29, –0.07). Finally, these results 
support the indirect effects of the model.
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Fig. 2. Research model regression coefficients

Table 3. Summary of hypotheses testing

Effects β p-Value β
β CI 95%

Lower Upper

Direct effects

S. Anxiety → A. Self-efficacy (a) –0.57 0.000 –0.64 –0.79 –0.51

Dysthymia → S. Anxiety (b) 0.52 0.000 0.36 0.24 0.49

Negative affect → S. Anxiety (c) 0.31 0.001 0.27 0.10 0.44

Indirect effects

Dysthymia → S. Anxiety → A. Self-efficacy –0.30 0.000 –0.23 –0.33 –0.15

Negative affect → S. Anxiety → A. Self-efficacy –0.17 0.002 –0.17 –0.29 –0.07

4	 DISCUSSION

This research aims to establish a model that examines the effect of dysthymia 
(depression) and negative affect on anxiety as a state, and to evaluate the extent to 
which anxiety influences self-perception of efficacy in a post-pandemic context. Over 
the past few years, education has undergone significant changes, and students have 
had to adapt and establish new habits in response. In the post-pandemic era, men-
tal health professionals are evaluating the extent to which depressive and anxious 
symptoms affect individuals’ current quality of life. However, depression and anxiety 
remain major factors affecting student performance in the educational context [33], 
[50]. Therefore, it was critical to investigate the impact of depression and anxiety on 
students’ academic performance and mental health in the post-pandemic context.

Self-efficacy is a psychological factor related to success [15] and good academic 
performance. Difficulties that may affect its stability will negatively influence the 
student’s ability to achieve his or her goals. Self-efficacy beliefs are motivational, 
so students with high self-efficacy can be constantly active in their personal and 
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professional development [16]–[18]. However, research suggests that state anxiety 
can negatively influence self-efficacy, which arises in response to specific situations. 
Anxiety can also impact students’ performance and self-esteem, leading them to 
question their abilities [51]. For example, engineering students may experience anx-
iety when facing complex tasks or exams, which can undermine their self-efficacy 
and impair their exam performance.

Not only is anxiety an adequate negative predictor of self-efficacy [52]. Our find-
ings suggest that dysthymia indirectly affects self-efficacy, with anxiety as a mediator 
between the two. Consistent with prior research, persistent depression or dysthymia 
has been identified as a salient psychological phenomenon that restricts one’s capa-
bilities and interferes with daily functioning [53]. Dysthymia is both a direct predic-
tor of state anxiety and an indirect predictor of academic self-efficacy, as established 
in earlier studies [54], [55]. Students exhibiting symptoms of depression and anxi-
ety may encounter difficulties maintaining stable levels of self-efficacy, which could 
negatively impact their academic performance. Consequently, they may experience 
disadvantages compared with those without anxiety and depression.

Similarly, negative affective states are crucial in understanding the perception 
of emotions such as sadness, fear, annoyance, and discomfort [39]. These states can 
significantly impair academic performance by generating general discomfort [56], 
overloading the student, and causing exhaustion [57]. Depression and anxiety can 
restrict students from achieving high grades and limit their learning potential. Our 
study demonstrates that negative affect indirectly influences self-efficacy through 
anxiety, which is consistent with the finding that emotions such as sadness and fear 
often co-occur with anxiety. Overall, our results suggest that negative affect and anx-
iety can both act as barriers to academic success and may need to be addressed to 
improve students’ learning outcomes.

5	 CONCLUSIONS

In summary, this study aimed to establish an explanatory self-efficacy model by 
proposing a set of direct and indirect effects involving dysthymia, negative affect, 
and state anxiety. The results support the proposed hypotheses, with 32% of the 
variance in academic self-efficacy explained by the model. Specifically, anxiety as 
a state variable was found to directly influence self-efficacy and mediate the effects 
of dysthymia and negative affect. The established model has theoretical and practi-
cal implications for educators, psychologists, and psychopedagogists. For instance, it 
can guide educational interventions to manage negative emotions such as sadness, 
fear, and anger to indirectly enhance self-efficacy by reducing depressive symp-
toms. Moreover, this model helps to elucidate the dynamics of academic self-efficacy 
when influenced by psychological factors such as anxious and depressive episodes.
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I. Barahona, G. Martínez-Alés, F. Aroca, E. Baca-García, and M. L. Barrigón, “Impact of 
Depression on Anxiety, Well-being, and Suicidality in Mexican Adolescent and Young 
Adult Students From Mexico City”, The Journal of Clinical Psychiatry, vol. 83, no. 3, 2022. 
https://doi.org/10.4088/JCP.20m13806

	[56]	 F. Martela and R. M. Ryan, “Distinguishing Between Basic Psychological Needs and 
Basic Wellness Enhancers: The Case of Beneficence as a Candidate Psychological 
Need”, Motivation and Emotion, vol. 44, pp. 116–133, 2019. https://doi.org/10.1007/
s11031-019-09800-x

	[57]	 P. He, Q. Zhou, H. Zhao, C. Jiang, and Y. J. Wu, “Compulsory Citizenship Behavior 
and Employee Creativity: Creative Self-Efficacy as a Mediator and Negative Affect as 
a Moderator”, Frontiers in Psychology, vol. 11, 2020. https://doi.org/10.3389/fpsyg. 
2020.01640

https://online-journals.org/index.php/i-jep
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1037/a0029315
https://doi.org/10.1111/0081-1750.00078
https://doi.org/10.1177/0049124192021002005
https://doi.org/10.1177/0049124192021002005
https://doi.org/10.1093/applin/ami046
https://doi.org/10.4103/jehp.jehp_35_21
https://doi.org/10.4103/jehp.jehp_35_21
https://www.ilkogretim-online.org/fulltext/218-1623260247.pdf
https://www.ilkogretim-online.org/fulltext/218-1623260247.pdf
https://doi.org/10.5539/ies.v12n3p24
https://doi.org/10.1186/s12888-020-02854-z
https://doi.org/10.1186/s12888-020-02854-z
https://doi.org/10.1186/s12905-019-0838-7
https://doi.org/10.4088/JCP.20m13806
https://doi.org/10.1007/s11031-019-09800-x
https://doi.org/10.1007/s11031-019-09800-x
https://doi.org/10.3389/fpsyg.2020.01640
https://doi.org/10.3389/fpsyg.2020.01640


iJEP | Vol. 13 No. 5 (2023)	 International Journal of Engineering Pedagogy (iJEP)	 103

Explanatory Model on Academic Self-Efficacy in Engineering Students: Role of Anxiety, Dysthymia, and Negative Affect

7	 AUTHORS

Daniel E. Yupanqui-Lorenzo is a professor of psychology and a coordinating 
member of the Semillero Latinoamericano de Investigación en Salud Mental (SLISM) 
and the research group “Mental Health & Education Alliance” of the Universidad 
Privada del Norte. He is the Coordinator of the Research Unit of the Faculty of Health 
Sciences of the Universidad de Ciencias y Humanidades. Likewise, he is a Master’s in 
University Teaching. He has been working on academic failure and success, focusing 
on associated factors such as self-efficacy, depression, anxiety, grit, and resilience. He 
is currently working on quantitative studies on psychometrics and structural equa-
tion modeling. https://orcid.org/0000-0002-8977-2888

Edith S. Olivera-Carhuaz is currently a professor of scientific research at the 
Universidad Privada San Juan Bautista. Doctor in Education, Master in Research 
and University Teaching, Graduate of the Master in Teaching and Educational 
Management and Master in Public Management, Master in Evaluation and 
Accreditation of Educational Quality, and Second specialty in Statistics and Scientific 
Research. Law Student, Research Professor, Thesis Advisor and Reviewer, and 
Undergraduate and Postgraduate Professor in different universities in the country. 
Author of scientific articles in indexed journals, literary works, and books. https://
orcid.org/0000-0002-7400-8625

Antonio A. Reynaga Alponte is a Doctor in Administration, Master in Business 
Administration MBA, Bachelor in Administration, Dedicated to business and univer-
sity teaching, Diploma in University Teaching, and Member of the Regional College 
of Graduates in Administration Lima—professional experience in management in 
Administrative and Business Activities. https://orcid.org/0000-0003-1677-8645

Víctor Pulido-Capurro is Doctor in Biological Sciences, a Master in Forest 
Resources Conservation, Biologist specializing in Zoology. Professor of the Research 
Methodology course. Author of scientific and popular science articles and books on 
biological diversity and ecology. https://orcid.org/0000-0002-9238-5387

Carlos Carbajal-León is a research professor at Norbert Wiener University 
and a professor specializing in thesis advising at the Peruvian University of Applied 
Sciences. Doctor in Psychology, Master in Educational Psychology, with training 
in Cognitive-Behavioral Psychotherapy. Research Professor, Thesis Advisor and 
Reviewer, and Undergraduate and Postgraduate Professor. Author of scientific arti-
cles in indexed journals. Level III Researcher by CONCYTEC (P0092658). https://orcid.
org/0000-0001-6714-519X

Manuel Antonio Cardoza Sernaqué is a San Ignacio de Loyola University 
graduate school research professor. Master in Human Talent Management, Bachelor 
of Education specializing in Language and Literature. Ph.D. candidate, research 
professor, advisor, and thesis reviewer at different Peruvian universities. Author 
of scientific articles in indexed journals, books, and book chapters. https://orcid.
org/0000-0001-6738-0683

https://online-journals.org/index.php/i-jep
https://orcid.org/0000-0002-8977-2888
https://orcid.org/0000-0002-7400-8625
https://orcid.org/0000-0002-7400-8625
https://orcid.org/0000-0003-1677-8645
https://orcid.org/0000-0002-9238-5387
https://orcid.org/0000-0001-6714-519X
https://orcid.org/0000-0001-6714-519X
https://orcid.org/0000-0001-6738-0683
https://orcid.org/0000-0001-6738-0683

