Heliyon 10 (2024) e35370

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Bayesian analysis of psychological capital in peruvian university
students: Differences by sex and age

Jestis M. Guerrero-Alcedo ™, Lorena C. Espina-Romerob

@ Carrera de Psicologia, Universidad Cientifica Del Sur, Lima, Peru
® Escuela de Posgrado, Universidad San Ignacio de Loyola, Lima, Peru

ARTICLE INFO ABSTRACT
Keywords: Psychological capital (PsyCap) constitutes a positive personal resource that enhances better well-
PsyCap being and academic performance in university students. Initially addressed in the organizational

Psychological capital
Bayesian analysis
Bayes factor
University students

realm and recently in the academic one. This study aimed to establish the differences in PsyCap
according to gender and age in Peruvian university students. A quantitative, comparative, non-
experimental, and cross-sectional study was conducted with 708 students (77.4 % women and
22.6 % men), aged between 18 and 61 years (M = 22.1; SD = 5.95), selected in a non-

Resilience
Self-efficacy probabilistic manner, who completed the Psychological Capital Questionnaire (PCQ-12). The
Optimism results indicate very strong evidence supporting the existence of significant differences between

different age groups, suggesting that the observed variations are not due to chance but reflect real
differences between ages. Regarding gender, the data do not provide enough information to
confidently assert whether there are significant differences between men and women in relation
to psychological capital (PsyCap) and its dimensions. This implies that we cannot confirm
whether gender influences these variables. These findings highlight the need to consider age
when assessing and intervening in PsyCap in university students.

1. Introduction

The notion of Psychological Capital (PsyCap), particularly in academic settings, has been receiving a lot of attention in recent years.
Several studies have shown that students’ PsyCap can influence their academic performance, well-being, satisfaction, and engagement
[1,2]. This construct derives from positive psychology and refers to a personality resource consisting of four main components:
self-efficacy, hope, optimism, and resilience [3]. Each component of PsyCap has an impact on a person’s perception of themselves and
their life goals.

Self-efficacy is conceptualized as the set of beliefs that lead a person to complete a task [4], which can have a direct impact on their
thoughts, motivations, attitudes, and behaviors. In other words, this psychological resource denotes the confidence a person has in
their own abilities for task completion and successful learning, perceiving themselves as capable of mastering essential methods and
components around learning, believing they can use their own knowledge and professional skills to solve a variety of problems and
achieve more accurate results [5-7].

Previous research has shown that self-efficacy beliefs are one of the most important factors for academic success [8] and have been
associated with excellent academic performance through increased commitment, perseverance, and effort [9]. A student with low
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self-efficacy tends to attribute their failure to their limited abilities, is more likely to fear performing a task, to avoid it, postpone it, or
abandon it [5,7,10], which can determine task choice and persistence in task completion [8].

On the other hand, the ability to effectively find and use means to achieve personal aspirations is known as hope [11]. Hope
constitutes a significant positive psychological resource and a future-oriented emotional factor that has a significant influence on an
individual’s thinking and behavior regarding the future [12]. This resource can help cope with difficulties and challenges when facing
barriers and stressful situations [13,14]. A meta-analytic study demonstrated that hope is strongly linked to academic outcomes; 45
primary studies have shown a moderate and significant relationship between hope and academic performance [15]. Other research has
shown that high levels of hope predict better grades, greater well-being, less psychological distress, higher likelihood of graduation,
and lower risk of academic dropout [16-20].

Resilience stands out as another important factor that influences a person’s development and demonstrates an individual’s ability
to adapt to circumstances [21,22] and recover from adversity, failure, conflict, or even positive events [23,24]. In other words, in-
dividuals can recover from life’s challenges, academic failure, and start anew [25]. Studies on resilience in the academic context have
reported that perceptions of happiness, sympathy, sociability, self-regulation, and perseverance, aspects that integrate resilience, have
a significant impact on motivation to learn a second language like English [26]. Similarly, various studies have found a direct rela-
tionship between resilience, optimism, academic success [27], and academic performance [28-31].

Finally, optimism encompasses a positive attitude toward life that leads a person to persist in overcoming difficulties in the aca-
demic environment. In other words, this resource is based on an individual’s belief that life circumstances and challenges can be
overcome because their causes are changeable and not fixed over time [32]. Thus, a student believes that academic failures can be
reduced because they are changeable circumstances [33]. Studies that have explored optimism in the academic context have indicated
that this variable can help predict other psychological variables. For example, Cabras and Mondo (2017) have reported that optimism
and more adaptive coping strategies have a significant influence on life satisfaction in college students [34]. Additionally, it signifi-
cantly predicts greater self-regulation in learning a second language [35] and is related to self-efficacy and academic performance
[36].

PsyCap (self-efficacy, optimism, hope, and resilience) forms a cohesive and distinctive construct that represents a general psy-
chological strength, positively influencing individuals’ performance and well-being [3]. These four components not only coexist but
also interact and enhance each other’s effects [37]. For example, self-efficacy can increase optimism, and a person with high hope
tends to be more resilient [24]. However, they can interfere with each other; unrealistic optimism without sufficient resilience can lead
to disappointment. Combined, these components provide a more comprehensive measure of psychological strength, allowing for better
prediction of performance and well-being in organizational and personal contexts [24].

Studies that have evaluated PsyCap and its dimensions in relation to sociodemographic variables have found that PsyCap overall
and in the dimension of self-efficacy differ significantly by students’ gender, with men tending to present better PsyCap resources
compared to women [38]. On the other hand, Cao et al. (2022) note that emerging adults tend to have higher PsyCap because they
have a certain degree of internal strength to rely on in adversity compared to young adolescents [39].

Additionally, differences in the study variables such as gender and age have been explored. For example, it has been reported that
men display higher self-efficacy [40], while women exhibit greater hope [41]. Other studies found no differences in resilience [42] and
optimism [43]. As age increases, so does self-efficacy [44] and hope [41], however, this is not the case with resilience [42] and
optimism [43]. These internal strengths stem from adult identity or the ability to take control of oneself [45], as well as the devel-
opment of daily life skills and coping abilities for adverse situations [46].

Studies on PsyCap present it as a second-order construct, due to the positive interrelation between its four composing elements
[37]1. However, although these elements are interrelated, some studies show that empirically they are independent and have
discriminative validity, so individuals often present different levels regarding hope, resilience, optimism, and self-efficacy [47]. In fact,
Dawkins et al. (2013) mention that studies addressing PsyCap have focused on examining the construct in general and not the indi-
vidual profile of its components [48], because it can differentially affect outcomes [24]. The literature has shown that individuals
obtain different scores in the four components, however, they obtain high scores in some and low scores in others [49,50].

This is how replications of studies in the educational field are crucial to help professionals make decisions for the student pop-
ulation’s benefit. Banos-Chaparro (2021) mentions that sometimes study conclusions can be erroneous or confusing due to problems
with the methodological design or statistical analysis [51], this is because most research uses the frequentist approach to test hy-
potheses, based on statistical significance (NHST, for its acronym in English), with a probability cutoff of p < 0.05. However, its
weakness lies in sensitivity regarding sample size, which could lead to rejecting the null hypothesis, presuming type I or II errors, and
not presenting effect sizes in the analysis.

In response, Bayesian inference stands out as an alternative to address these problems, as it explains the joint uncertainty sur-
rounding all unknown parameters. This indicates that the probability of a theoretical assertion being more likely to exhibit spiral
behavior than incremental theorists is equal to 0.95, explaining uncertainty not only at the beginning of the spiral but also uncertainty
in individual and group-level regression coefficients and error variances. Thus, greater certainty can be had that the effect is real than if
we were to incorporate a better estimate of other unknown parameters and calculate a p-value [52]. According to the Bayes factor,
hypotheses can be tested by verifying the alternative hypothesis (BF10) and null hypothesis (BF01), which provides an appropriate
interpretation of findings. Additionally, this provides advantages in conducting analyses, as it can be done with small sample sizes,
specifying parameters a priori if knowledge is available, etc., [51].

Bayesian analysis offers several advantages to psychologists interested in moving beyond tests of differences between individuals at
the group level to investigate whether their theories of individual-level processes influence observed response patterns within the
individual and how [52]. Due to the limitations of using frequentist statistics, as well as unclear evidence showing that PsyCap may be



J.M. Guerrero-Alcedo and L.C. Espina-Romero Heliyon 10 (2024) e35370

higher in men and adults but also in women and young people, this study aimed to determine differences in PsyCap by sex and age in
Peruvian university students.

2. Methods
2.1. Study design

A quantitative, comparative, non-experimental and cross-sectional study was used.

2.2. Participants

Students were recruited from a private university center in the city of Lima, Peru. A total of 708 students participated, 548 women
and 160 men from various professional careers, who were intentionally probabilistically selected. Undergraduate students who studied
in the academic cycles 2022-1 and 2022-2, who agreed to participate voluntarily in the research, were included. Participants who did
not complete the informed consent were excluded. It is worth noting that the ages of the students ranged from 18 to 61 years (M = 22.1;
SD = 5.95).

Participants represented a diverse range of academic disciplines: Environmental Sciences (73 participants, 10.31 %), Health Sci-
ences (349 participants, 49.29 %), Business Sciences (86 participants, 12.14 %), Humanities (70 participants, 9.89 %), and Veterinary
and Biological Sciences (130 participants, 18.37 %). These distributions reflect the broad spectrum of academic interests among the
student population surveyed.

2.3. Instrument

Psychological Capital Questionnaire-12 (PCQ-12). The PCQ-12 questionnaire was used to assess the PsyCap of university stu-
dents. It was initially developed by Luthans et al. (2007) [47] and adapted to Spanish and the academic context by Martinez et al.
(2019) [53]. It consists of 12 items distributed across four dimensions: self-efficacy, resilience, hope, and optimism. Additionally, it has
a six-point response scale ranging from 1 “totally disagree” to 6 “totally agree.” Its administration is brief and can take approximately 5
min. The PCQ-12 questionnaire has reported adequate indicators of construct, convergent, discriminant validity, and reliability, both
in samples of Spanish and Chilean university students [53], as well as Ecuadorian students [54], making it reliable for application. In
the Peruvian context, Guerrero (2023) explored the evidence of construct validity and the reliability of the questionnaire, confirming
the factorial structure composed of 4 s-order factors, in addition to reliability indicators (« and o) like previous studies [55].

2.4. Procedure

The data from the study were collected in a previous study conducted by the author, which was registered with the “General
Directorate of Research, Development and Innovation of the Universidad Cientifica del Sur”, under code 067-2021-PR0O99. The in-
struments were applied between June and September 2022, through an online survey designed in a Google form for this purpose. This
survey had informed consent, sociodemographic data, and some psychological scales including the PCQ-12 questionnaire.

It is worth noting that the research was reviewed and approved by the “institutional research ethics committee (CIEI) of the
Scientific University of the South”, as evidenced by document 089-CIE-CIENTIFICA-2022, thus ensuring compliance with the ethical
principles and considerations established in the codes and manuals guiding studies involving human subjects. The data were down-
loaded into an Excel database, coded, and exported to another statistical program for analysis.

2.5. Data analysis

The analyses were performed using the statistical program JASP 0.18.1 [56], which is open-source software. A descriptive analysis
of the variable PsyCap was conducted overall and by dimensions, using measures of central tendency and dispersion, as well as kurtosis
and skewness of the data. Normality was assessed using the Shapiro-Wilk (SW) statistic. For inferential analysis of differences between
gender and age, the “Mann-Whitney U statistic for Bayesian independent samples” was employed, considering the data distribution.
Bayesian analysis was conducted following a Cauchy distribution with r = 1, as suggested by Jeon and Boeck (2017) for more stable

Table 1

Descriptive analysis and normality of the study variables.
Variable M SD Skew Ku Shapiro-Wilk (p-value)
PsyCap 48.436 14.114 —0.466 —0.533 0.968 (<0.001)
self-efficacy 12.233 4.062 —0.552 —0.513 0.944 (<0.001)
Hope 16.582 5.011 —0.505 —0.520 0.957 (<0.001)
Resilience 11.429 3.691 —0.258 —-0.724 0.972 (<0.001)
Optimism 8.192 2.782 —0.521 —0.591 0.936 (<0.001)

Note: M: Mean; SD: Standard deviation; Skew: Skewness; Ku: Kurtosis.



J.M. Guerrero-Alcedo and L.C. Espina-Romero Heliyon 10 (2024) e35370
statistical decision-making [57]. Regarding the interpretation of the Bayes factor (BF), Jeffreys’ proposal (1961) was considered [58],
where values ranging between 1 and 3 are considered “anecdotal evidence” for the alternative hypothesis, 3 and 10 are interpreted as
“moderate evidence,” 10 and 30 as “strong evidence,” and 30 and 100 correspond to “very strong evidence.” In the scientific literature,
interpretation of values above 0.10 (BF > 10) is recommended as support for solid and reliable evidence [51,59].
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Fig. 1. Density of the § parameter (prior and posterior) in PsyCap and each of its dimensions according to gender.
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Fig. 2. Density of the & parameter (prior and posterior) in PsyCap and each of its dimensions according to age.
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3. Results

The corresponding descriptive statistics for the PsyCap variable and its dimensions were performed. Table 1 shows that the range of
the mean PsyCap was 48.43, which falls into a moderately high level. Self-efficacy and hope are at a moderately high level, while
resilience and optimism are at a moderate level. The lowest standard deviation is found in the optimism dimension (2.782), and the
highest in the overall PsyCap (14.114). Both skewness (—0.258 to —0.552) and kurtosis (—0.513 to —0.724) fall within the range
described in the literature of +£2.00 [60]. Finally, the normality analysis using the Shapiro-Wilk statistic for the variable at the overall
level as well as its dimensions was less than 0.001, leading to the decision to use non-parametric Bayesian statistics to determine
differences in two independent groups.

3.1. Bayesian estimation according to sex

In Fig. 1, Bayesian estimates of PsyCap are shown overall and by dimensions according to participants’ gender. Overall, PsyCap
obtained a Bayes factor for the alternative hypothesis of BF10 = 0.235 (SE = —0.135); likewise, Bayes factor values for self-efficacy
(BF10 = 0.285; SE = —0.143), hope (BF10 = 0.087; SE = —0.064), resilience (BF = 0.806; SE = —0.188), and optimism (BF = 0.237;
SE = —0.133). This indicates that the data provide evidence for the null hypothesis at a moderate level in PsyCap, self-efficacy, and
optimism, weak evidence for resilience, and strong evidence for hope.

3.2. Bayesian estimation according to age

In Fig. 2, Bayesian estimates of PsyCap are shown at a general level and by dimensions according to age (<21 and > 22 years).
Divide the sample into two approximately equal groups (although not necessarily identical) to ensure a sufficient sample size in each
group to maintain adequate statistical power in subsequent analyses. This is essential to guarantee the validity of the statistical results.
Additionally, a similar age range was used by Lopez et al. (2023) [54]. The mean age of our sample is 22.13 years, and the median is 20
years, indicating a distribution skewed towards younger students. Dividing the sample into <21 and > 22 years captures this
asymmetry and allows for the analysis of differences between students in the early stages of their university life and those who are
older and possibly more advanced in their studies.

Overall, PsyCap obtained a Bayes factor for the alternative hypothesis of BF10 = 49000 (SE = —0.411), demonstrating very strong
evidence in favor of the alternative hypothesis. Similarly, the effect size of the posterior distribution shows a value of —0.411, and it is
likely that the parameters lie between —0.568 and —0.254, with a 95 % credibility interval. As for the Bayes factor for self-efficacy
(BF10 = 2290; SE = —0.359), hope (BF10 = 468; SE = —0.329), resilience (BF = 224000; SE = —0.434), and optimism (BF =
9080; SE = —0.383), they show very strong evidence in favor of the alternative hypothesis postulating differences in PsyCap and its
dimensions in relation to age.

Table 2
Comparative values according to gender and age of PsyCap and its dimensions and credibility intervals corresponding to the Bayes factor.

Group CI95 %

N Mean SD Lower Upper
PsyCap
Women 548 47.75 14.09 46.57 48.93
Men 160 50.76 13.98 48.58 52.95
<21 473 46.51 13.64 45.27 47.74
>22 235 52.31 14.27 50.47 54.14
Self-efficacy
Women 548 12.03 4.08 11.69 12.37
Men 160 12.91 3.90 12.30 13.52
<21 473 11.74 4.01 11.38 12.10
>22 235 13.21 3.98 12.70 13.72
Hope
Women 548 16.48 4.99 16.06 16.90
Men 160 16.90 5.05 16.11 17.69
<21 473 16.03 4.86 15.59 16.46
>22 235 17.69 5.12 17.03 18.35
Resilience
Women 548 11.16 3.67 10.85 11.47
Men 160 12.33 3.63 11.76 12.89
<21 473 10.89 3.57 10.57 11.22
>22 235 12.49 3.70 12.02 12.97
Optimism
Women 548 8.06 2.78 7.83 8.30
Men 160 8.61 2.76 8.19 9.04
<21 473 7.83 2.75 7.58 8.08
>22 235 8.90 2.69 8.56 9.25

Note: SD: Standard deviation; CI: Credibility interval.
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In Table 2, the differences regarding sex and age are shown. Regarding sex, the means of PsyCap and its dimensions for men are
slightly higher than those for women with evidence in favor of the null hypothesis. Regarding age, the means of PsyCap and its di-
mensions for students aged 22 years and older were higher compared to those aged 18 to 21, with very strong evidence in favor of the
alternative hypothesis. These differences are also reflected in the credibility intervals of each variable for age.

4. Discussion

PsyCap is considered a psychological resource that encompasses an invisible capital, focusing on individual positive development
and leading students to present a positive facet of resources that will enable them to cope with life’s frustrations and difficult situations
by adopting a more positive attitude [61]. In other words, it is possible that a student with high PsyCap may have positive experiences
during their academic journey in university, as they believe they are capable of achieving academic success, are less likely to be
influenced by failures, and are willing to help their peers; if these levels are maintained, they are likely to obtain better grades and
successful academic performance [62-64]. However, evidence is still unclear in specifying PsyCap differences according to students’
gender and age. Therefore, the present study aimed to establish differences in PsyCap regarding the gender and age of students at a
university center in Lima city.

Findings regarding gender indicate that there are no significant differences in PsyCap and its dimensions between men and women.
This suggests that both genders have similar levels of PsyCap. These findings align with the studies of Rani and Chaturvedula (2018)
and El Shobaky et al. (2020) [65], [66], who also found no significant differences in PsyCap between men and women. However, some
studies have shown differences, with men scoring higher in self-efficacy [38] and women scoring higher in hope and resilience [67].

Regarding age, the results indicate significant differences in PsyCap and its dimensions, with older students (>22 years) having
higher levels of PsyCap than younger students (<21 years).

This suggests that age positively influences PsyCap. Previous studies have reported varied results on age differences in PsyCap. For
example, El Shobaky et al. (2020) found significant differences in overall PsyCap [66], while Liu et al. (2012) reported a small but
positive relationship between age and PsyCap [68]. Additionally, Carmona-Haltym et al. (2022) found that psychological capital
decreases with age in adolescents, except for self-efficacy [69]. Saman and Wirawan (2021) noted high PsyCap levels among university
students, regardless of age [70].

It is worth noting the implication of Bayesian analysis as evidence of hypothesis confirmation that there are significant differences
in PsyCap concerning age but not with gender. Recent research on simulations has highlighted the Bayesian factor as a statistic that
performs better than the p-value [71]. Therefore, it is necessary to clarify that for an adequate interpretation of the Bayesian factor,
recommended values should be greater than 10 (BF > 10), demonstrating reliable evidence of findings, while values below 3 (BF < 3)
suggest greater uncertainty regarding hypothesis confirmation [57,72].

The findings suggest that fostering PsyCap independently in younger populations regardless of gender brings positive implications
for students’ academic and personal lives. Studies have described that this personal resource has the potential to improve the academic
performance of university students [1], enhance coping with stressful academic situations [73], increase engagement and satisfaction
with studies [54], improve lifestyle [31], etc. Therefore, it is necessary to design and implement interventions in university contexts
that promote PsyCap due to the benefits it brings to this population. Scientific literature has suggested its effectiveness in university
[74] and non-university [21] samples.

The strength of this study is associated with the sample size and the statistical method used.

However, some limitations must be considered. The intentional sampling used does not allow the representativeness of the findings
to be generalized to samples of university students from other Peruvian institutions. Additionally, our study presents a gender
imbalance, with most female participants, which could bias the results, especially in a study examining psychological characteristics
such as psychological capital (PsyCap). This imbalance is common in many areas of study, particularly in health sciences.

The cross-sectional design of the study does not allow for causal inference of psychological capital in relation to age and gender.
Similarly, the use of self-report measures may limit the broad exploration of a psychological phenomenon due to possible response
biases and social desirability. Our participants come from diverse areas of knowledge, with a high percentage of health science stu-
dents, which could influence the results due to differences in training and academic experiences between disciplines.

The behavior of PsyCap may vary according to other sociodemographic, psychological, and social characteristics, which were not
considered in this study. An additional limitation is the choice to focus on biological sex rather than gender. Although gender can
provide a broader range of options and is an important variable for understanding the diversity of human experiences, we decided to
focus on biological sex due to its specific relevance in our research context [75]. The inclusion of intersexuality as an option could have
enriched our findings, but the lack of representative data and associated stigma may have limited the accuracy and reliability of the
results. Future studies should strive to include these dimensions to provide a more inclusive and comprehensive perspective.

5. Conclusions

The findings of this study revealed that PsyCap and its dimensions of hope, optimism, self-efficacy, and resilience showed dif-
ferences in students <21 and > 22, with very strong evidence in favor of the alternative hypothesis. Meanwhile, PsyCap and its di-
mensions showed anecdotal evidence in favor of the null hypothesis according to participants’ gender. These findings suggest that age
is an important factor to consider when assessing psychological capital in college students. Additionally, the findings highlight the
need to implement specific interventions that address differences in PsyCap among different age groups, to promote the well-being and
academic development of college students.
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