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ABSTRACT

The purpose of this study is to investigate the impact of workplace spirituality, leadership, and work-life
balance on a sample of 73 Lady officers in the Sri Lanka Air Force. While research on military organizations
in developing countries is sparse, it is exceedingly so when the sample consists exclusively of Lady officers,
given their limited representation in a typical Air Force. The study assesses if a spiritual approach is effective
in increasing the engagement of Lady officers with their jobs, which in turn, enhances job performance.
Data was collected from 73 Lady officers in the Sri Lanka Air Force using scales for workplace spirituality,
leadership, work-life balance, employee engagement, and job performance designed by the authors, in
2025. Structural Equations Modeling using the PLS-SEM software was employed to analyze the data.
Workplace spirituality and work-life balance significantly influenced job performance with mediation by
employee engagement. Leadership, in contrast, failed to have a significant impact on job performance in
the mediated model. Spirituality-based approaches that promote workplace spirituality and work-life
balance may be successfully employed by the military to engage Lady flying officers to motivate them to
improve job performance.

Keywords: workplace spirituality, leadership, work-life balance, employee engagement, job performance,
military, Sri Lanka, Lady military officers

1. INTRODUCTION

The Sri Lanka Air Force consists of Male Officers, Lady Officers, Airmen and Airwomen. Over the past
decade, an increasing number of women have joined the Air Force, being well represented in Lady Officer
and Airwomen ranks. Although the literature has documented the human resource management variables
influencing the motivation and job performance of men in these positions (see lddagoda et al., 2025, for a
review), there is a paucity of research on their female counterparts. This study sets forth a spirituality-based
approach that positively influences employee engagement and job performance for a sample of female Air
Force officers in the Sri Lanka Air Force. Employee engagement defined as cognitive engagement (work is
a central life interest), emotional employee engagement (the employee is emotionally connected to the
firm), and behavioral employee engagement (the employee engages is prosocial behaviors, such as
reduced absenteeism and turnover) (Iddagoda et al., 2016). Results may be generalized to other
developing countries.

The first contribution of this study lies in its choice of predictor variables. Workplace spirituality emerges
from within the soul, transcending survival instincts (Garcia-Zamor, 2003). It is the collection of values,
mores, and beliefs that nourish the soul in the workplace by finding deep meaning in work, social
connectedness, and adherence to higher-level goals. This study views workplace spirituality as self-
identification with the task to the extent that an emotional connection is forged between the self and the
task that motivates employee engagement which elevates job performance. The second predictor is
leadership. Intuitively, leadership is needed to channel the diverse motivations, desires, and predispositions
of employees to joy and excitement with tasks. The third predictor is work-life balance, or maintaining a
balance between personal and professional duties (Lott and Abendroth, 2023). Given that the entire career
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span of Lady officers in the Sri Lanka Air Force is limited to 15-20 years, there is considerable pressure on
Lady officers to excel at work in order to rise to high positions in the military. This quest for upward mobility
coupled with the demands of children’s schedules, responsibilities to extended family, and responsibilities
to the community can escalate stress. The ability to achieve inner harmony between these competing goals
may leave the employee with more time to engage in work and adopt strategies to improve job performance.

The second contribution of the study is the expansion of our knowledge of human resource management
in military organizations. Military organizations are hierarchical, with a strict chain of command. It is
worthwhile to examine if true identification with tasks and engagement with work can be achieved in such
environments through self-motivation rather than explicit directives. Can an enriched inner self experience
joy and meaningfulness in work in an environment that is less conducive to such self-expression ?

The third contribution of this study is the examination of workplace spirituality or work-life balance from the
unique perspective of Lady officers in the Sri Lanka Air Force. We find no other examination in the literature
of measures of these variables among Lady officers in a developing country. Sri Lanka is a deeply religious
country. With a largely Buddhist population and other religions such as Hinduism, Christianity and Islam,
Sri Lankans are heavily involved in visiting roadside shrines, chanting scriptures into the night, and making
pilgrimages to domestic and international locations. It is likely that spirituality from religions forms the basis
of workplace spirituality’s tenet of the inner connection between the soul and work. The practice of
communal gatherings in choirs, chanting of scriptures, and community prayers may lead to workplace
spirituality’s characteristic of social connectedness. The congruence between religious values, and social
expressions of faith may lead to inner peace that leads to joy in engaging in work, and in turn, superior
performance.

A fourth contribution of the study lies in measuring work-life balance in a developing country. In these
environments, Females have many social responsibilities to extended family, religious services, and
community organizations. As pilots in the Air Force, Lady officers undergo rigorous flight training. It is useful
to measure if the reduction of stress between competing work and family responsibilities can enable
employees to concentrate on work by becoming more engaged, leading to improved performance.

2. REVIEW OF LITERATURE
2.1 Conceptualization of Workplace Spirituality

Ashmos and Duchon (2000) created a seminal definition of workplace spirituality as “the recognition that
employees have an inner life that nourishes and is nourished by meaningful work that takes place in the
context of community”(Ashmos and Duchon, 2000: 137). Beyer (1999) set forth a simpler definition of
humans as meaning-seeking animals who find meaning in work, and find meaning in relationships with
social groups in the workplace.

Intuitively, workplace spirituality is the reaching out of the inner spirit of the employee to the task, to peers,
and to the more abstract entity of the organization. This reaching out of the spirit enables the employee to
find joy and ecstasy in work, connect with colleagues and supervisors through interpersonal
communication, and pursue high-level goals with long-term benefits. Iddagoda et al. (2022) found direct
organizational outcomes of these attributes. Joy and ecstasy in work was manifested as finding deep
meaning in work (Wrzesniewski, 2003). Job tasks were viewed as exciting and enriching to the soul to the
extent that they increased job satisfaction and organizational commitment.

Interpersonal interaction with peers combined with self-efficacy (confidence to complete job tasks)
significantly explained job performance. We conjecture that team building and empathy for peers from social
connectedness could lead to successful workplace collaborations, and effective conflict resolution. These
outcomes may improve job performance. The third dimension of workplace spirituality is adherence to
higher-level goals. Such goals enrich the inner self of the organization for the furthering of morality,
empathy, respect, and compassion, so that the organization espouses morally upright positions.
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2.2 Conceptualization of Leadership

Heaton et al. (2004) posited that “inside-out” leadership whereby there is a transformation of spirituality
within the individual too the organizational context outside of them. This consists of leaders as facilitators
of conflict resolution, assisting employees in overcoming fatigue, and creating an organizational culture that
motivates employees to achieve performance goals. Further, leaders must support ethical standards,
rewarding employees for “doing the right thing” (Jurkiewicz and Giacolone, 2004). Marques et al. (2005)
set forth that the leadership required to achieve an enrichment of the inner self must support honesty,
kindness, and courage in subordinates. These values must infuse the psyche of employees, thereby
facilitating the achievement of inner peace.

Leadership must be empathetic toward employees’ family responsibilities. By enacting family-friendly
programs, such as onsite childcare, providing staff to assist with errands, cooking, and cleaning, and
flextime to enable employees to attend family events. Leaders reduce family stressors that can disrupt
workers’ dedication to their work. Psychological capital, or inner peace at the individual level must be
enhanced, as must social capital in group interaction (Garg and Sharma, 2025).

2.3 Conceptualization of Work-life Balance

There is a lack of literature on work-life balance from the perspective of the military. This study sets forth
that Lady Air Force officers in patriarchal societies may work diligently to master the technical aspects of
flight in order to prove their merit in comparison with their male counterparts. The shortened duration of
their careers places more pressure on them to master flight training expeditiously. Yet, their membership
in a patriarchal society places unusual family responsibilities upon them. They must care for elderly
relatives, participate in religious festivals, join community groups, and attend weddings, funerals, and other
family functions. These additional responsibilities are sufficiently time-consuming to reduce time spent at
work. Maintaining a balance between the job stressors and family stressors may significantly enhance Lady
officers’ inner peace, as they equitably fulfill both work responsibilities and family responsibilities, neither of
which will be neglected.

3. HYPOTHESES DEVELOPMENT
3.1 Workplace Spirituality—Employee Engagement—Job Performance

Workplace Spirituality has a religious basis. In an overwhelmingly Buddhist nation, such as Sri Lanka,
Buddhist values based on compassion, preservation of life, consistency, and self-discipline, are paramount
for followers. These values align with the lddagoda et al. (2016) conceptualization of employee
engagement. lddagoda et al. (2016) viewed employee engagement as the composite of cognitive
engagement (the organization is the central life interest), emotional employee engagement (there is an
emotional connection between the employee and job tasks), and behavioral employee engagement
(prosocial behaviors such as reduced absenteeism, reduced turnover, diligent task completion, and
speaking well of the organization to external entities. Compassion and preservation of life lead employees
to view the organization as preserve of community life, and as provider for their families. Rewards, pay-for-
performance incentives, and benefits are viewed as manifestations of compassion from the organization to
the employee. Employees may respond by becoming emotionally attached to the organization through
emotional employee engagement. Alternatively, they become so intensely loyal to the organization that
they view it as a central life interest or display cognitive employee engagement. Consistency and self-
discipline are achieved by Buddhists through all-night chanting of scriptures and regular participation in
pilgrimages and visits to shrines. This consistency and self-discipline lead to the attributes of behavioral
employee engagement, including reduced absenteeism, reduced turnover, diligent task completion, and
praise of the organization.

Stewart and Brown’s (2011) conceptualization perceived job performance as consisting of the two

dimensions of task performance and organizational citizenship. Increased employee engagement from
workplace spirituality may contribute to task performance. Employees who view the organization as central
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life interest are likely to prioritize work over other pursuits, leading to enhance job performance. Employees
who are emotionally attached to their jobs will seek emotional strength by diligently completing tasks.
Finally, employees who are behaviorally engaged in their work demonstrate regular attendance, retention,
eagerness to acquire job skills, and diligently apply themselves to task completion.

Hypothesis 1: Workplace spirituality increases employee engagement, which improves job performance
among Sri Lanka Lady Air Force officers.

3.2 Leadership—Employee Engagement—Job Performance

In a recent study of environmental sustainability among male Sri Lanka Naval officers, lddagoda et al. (in
press) found that leadership that inspired employees was effective in engaging employees and improving
their job performance. Leaders described epic sea battles, the exploits of military heroes, parades in dress
uniform, and displays of sophisticated modern weaponry. Subordinates were captivated by these tales,
registering awe at the sight of military might, and feeling an overwhelming sense of pride at the sight of
dress uniforms and parades. These images engaged the rank-and-file personnel, leading them to strive at
their job tasks, thereby elevating job performance. In essence, leadership must be inspirational, in that
leaders must exhort subordinates to give of their best by creating visual images of exceptional performance.
In this vein, leaders in the Sri Lanka Air Force must inspire Lady officers to accept challenges, pursue tough
flying missions, acquire skills that are unique and contribute significantly to the military. Lady officers must
be empowered to the extent that they view flying dangerous and difficult missions, and becoming skilled in
modern weapon systems, missiles, and aerial defenses, as central life interest (cognitive employee
engagement). Leaders must provide resources, training, and equipment for Lady officers to succeed to the
extent that they become emotionally attached to the organization. Finally, leaders should advise and mentor
Lady officers to maintain regular attendance and improve retention for the full 15-20 years of employment.
Such cognitive engagement, emotional engagement, and behavioral engagement with job tasks improves
task performance. Leaders must also inform Lady of the benefits of early retirement after 15-20 years of
service. In the post-military period, women may obtain advanced degrees leading to second careers. As
children will be independent, women may become socially empowered by joining community organizations,
volunteering for charitable work, and supporting environmental programs. These pursuits will enrich the
lives of the women psychologically, as they become confident, and engage in the civic debates of the times.
Women must learn about the monetary benefits of the post-retirement period, including state pensions with
lifelong health provisions, the Sri Lanka Ex-Servicemen’s Association that provides legal advocacy and
social support through women’s groups. They must take advantage of the full-tuition coverage for higher
education, and salaries for household staff provided by the military.

The other dimension of job performance in the Stewart and Brown (2011) conceptualization is
organizational citizenship. Organ (1988) defined organizational citizenship as the selfless giving of one’s
time to new employees or peers. Examples among Lady Air Force officers include volunteering at military
events, assisting new employees, or leading women’s organizations. Engaged employees are likely to
exhibit organizational citizenship. If they view the Air Force as central life interest, are emotionally engaged
in flying, attend regularly, and build long careers, they are more likely to be committed to the Air Force,
thereby stimulating them to volunteer at company events or assist new employees.

Hypothesis 2: Leadership increases employee engagement, which in turn, improves job performance
among Sri Lanka Lady Air Force officers.

3.3 Work-Life Balance—Employee Engagement—Job Performance

Thibaut and Kelley (1959) proposed social exchange theory. Social exchange theory envisions an equitable
exchange between the employer and the employee. The employee applies himself or herself diligently to
job tasks, engages in team building by working cooperatively in groups, and provides positive
communication about the organization to external groups. Social exchange theory may be applied to work-
life balance among Lady officers in the Sri Lanka Air Force. As the first generation of Lady Air Force officers,
the women experience the desire to master the technical aspects of flight to fulfill their expectations that
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they perform as effectively as their male counterparts. Additionally, Lady officers contribute to high-
performance work teams tasked with special projects by participating in training and mentoring programs.

In exchange, the military organization is expected to create a work environment that assists Lady officers
in effective task completion. One method of organizational assistance is providing the measures that
promote work-life balance. Flextime enables Lady officers to substitute work hours for family time by
permitting them to attend children’s school events, accompany family members to doctors’ appointments,
and care for elderly parents. Onsite childcare at subsidized rates reduces the high cost of childcare. The
provision of staff members to assist families who move to new military bases in finding schools, locating
grocery stores, locating physicians, and moving into new properties, is yet another form organizational
assistance to Lady officers. Lady officers are likely to view the provision of these amenities as an equitable
exchange for their labor that reduces the conflicting time demands of work responsibilities and family
responsibilities. Work-life balance may be achieved.

This study posits that the achievement of work-life balance through equitable social exchange instills
feelings of gratitude among Air Force Lady officers. This appreciation for the Air Force may attach the
women emotionally to the military in a manifestation of emotional employee engagement. The positive
emotions aroused may stimulate striving the learn the intricacies of flight and engage fully in mentoring and
training programs. The additional task engagement may result in superior task performance.

Hypothesis 3: Work-life balance increases employee engagement and job performance among Lady
officers in the Sri Lanka Air Force.

4. METHODOLOGY
4.1 Data Collection

A member of the research term holds rank in the Sri Lanka Air Force. He approached the Air Force to
secure permission to distribute the instrument to Lady officers. Upon securing permission, the research
team administered the questionnaire to the participants in three waves in order to avoid common method
variance.

A total of 73 Lady officers participated in the study. The sample consisted of 10 Pilot Officers, 23 Flying
Officer 32 flight lieutenants, 8 squadron leaders. The sample was college-educated, with all participants
having earned undergraduate degrees from Sir John Kotelawela Defence University, in spite of their entrant
as a direct officer cadet to Sri Lanka Air Force Academy or Officer cadet to Sir John Kotelawela Defence
University. As expected, tenure was commensurate with rank with pilot officers having less than 5 years of
experience, flying officers having 5-8 years of experience, flight lieutenants having 9-11 years of
experience, and squadron leaders having 12-15 years of experience.

4.2 The Survey Instrument

The authors created scales which were contained in the survey instrument administered to the participants
(see Appendix). Workplace Spirituality was measured by a 22-item scale with items such as, “I try to help
my co-workers relieve their suffering,” and “My spirit is energized as a result of my work.” Work-life Balance
was measured by an 8-item scale with items such as, “My spouse has almost no complaints against my
responsibilities at home,” and “My children admire my role as father/mother.” Leadership was measured by
a 9-item scale with items such as, “My leader is a team builder,” and “My leader provides challenging and
meaningful work with opportunities for career development.” Employee Engagement was measured by a
12-item scale with items such as, “I think that the most important thing that happened to me is involvement
in my work/job,” and “| believe that | live, eat, and breathe with my work/job.” Job Performance was
measured by a 7-item scale including items such as, “| am volunteering for extra work when it is necessary,”
and “l am not a person who takes unauthorized breaks, intentionally works slowly, and wastes military
resources.”
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Cronbach alpha values ranged from 0.816 for the Job Performance Scale to 0.917 for the Leadership Scale,
with all scales exceeding the required threshold of 0.7 (Nunnally and Bernstein, 1994). Two composite
reliability measures had values ranging from 0.851 to 0.948 in excess of the threshold of 0.70, indicating
adequate reliability. Convergent validity values of

0.503 (Workplace Spirituality) to 0.571 (Leadership) exceeded the minimum acceptable value of 0.50 (Hair
et al., 2019). Discriminant validity was evaluated using the Heterotrait-Monotrait criterion (Henseler et al.,
2015). Values ranged from 0.351 (Leadership to Employee Engagement) to 0.825 (Workplace Spirituality
to Employee Engagement) above the recommended cutoff of 0.80.

The quality of the model was assessed using the coefficient of determination (R?), effect sizes (f2), predictive
relevance (Q?), and prediction accuracy (Root Mean Squared Error and Mean Average Error).The results
show that the model explained 58.0% of the variance in Employee Engagement and 29.8% of the variance
in Employee Job Performance. Effect sizes (f?) were computed to assess the relative contribution of each
predictor. The results indicate that the Employee Engagement — Job Performance (f* = .424) and
Workplace Spirituality — Employee Engagement (f> = .542) represent large effects, while Work-life Balance
— Employee Engagement (f2 = .069) indicates a small-to-moderate effect. The Stone-Geisser's Q2 values
for Employee Engagement (Q2 = .540) and Job Performance (Q2 = .334) were > zero, supporting predictive
relevance of the model (Hair et al., 2019). Prediction errors indiicate that Employee Engagement (Root
Mean Squared Error = .691, Mean Average Error = .548) was predicted with higher accuracy compared to
Job Performance (Root Mean Squared Error =.837, Mean Average Error = .629).

4.3 Data Analysis

A path analytic model was created with paths from Workplace Spirituality to Employee Engagement,
Leadership to Employee Engagement, Work-life Balance to Employee Engagement, and Employee
Engagement to Job Performance. The PLS-SEM software was employed to test the significance of path
coefficients, both through a direct model of each of the variable pairs listed above, and a mediated model
in which Employee Engagement mediated the relationship of each predictor, i.e. Workplace Spirituality,
Leadership, and Work-life Balance with Job Performance. Multicollinearity was examined using the
Variance Inflation Factor (VIF). VIF values were 1.00 for Employee Engagement to Job Performance, 1.199
for Leadership to Employee Engagement, 1.585 for Workplace Spirituality to Employee Engagement, and
1.497 for Work-life Balance to Employee Engagement. Since all values are below the cutoff of 5.0 (Hair et
al., 2019), multicollinearity is not a concern for this model.

5. RESULTS
5.1 Direct Model of Hypotheses Testing

Hypothesis 1 stated that workplace spirituality increased employee engagement which improved job
performance. The direct model of hypotheses tests is presented in Table 1. Table 1 shows that Hypothesis
1 was supported as workplace spirituality significantly increased employee engagement (path coefficient =
0.601, t = 7.864, p<.001), with employee engagement significantly improving job performance (path
coefficient = 0.545, t = 8.925, p<.001). Hypothesis 2 stated that leadership increased employee
engagement which increased job performance. Table 1 shows that Hypothesis 2 was not supported as
leadership failed to significantly increase employee engagement (path coefficient = 0.053, t = 0.813, p>.05)
although employee engagement significantly positively influenced job performance (path coefficient =
0.545, t = 8.925, p<.001). Hypothesis 3 stated that work-life balance increased employee engagement
which improved job performance. Table | shows that Hypothesis 3 was supported as work-life balance
significantly increased employee engagement (path coefficient = 0.208, t = 2.592, p<.01) though to a lesser
extent than workplace spirituality. As expected, employee engagement significantly improved job
performance (path coefficient = 0.545, t = 8.925, p<.001).
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TABLE 1
DIRECT MODEL OF PATH COEFFICIENTS

Path Path Sample Sample T-statistic P-vale

Coefficient Mean Standard

Deviation

Workplace 0.601™ 0.598 0.076 7.864 0.00
Spirituality—Employee
Engagement
Leadership—Employee | 0.053 0.072 0.065 0.813 0.416
Engagement
Work-life Balance | 0.208™ 0.210 0.080 2.592 0.01
—Employee
Engagement
Employee 0.545™ 0.564 0.061 8.925 0.00
Engagement—Job
Performance

*p<.05, *p<.01 ***p<.001
Source: Author-created

5.2 Indirect Model of Hypotheses Testing

A mediation analysis was conducted to determine if employee engagement mediated the effects of
workplace spirituality, leadership, and work-life balance on job performance. Table 2 shows the results of
mediation analyses. Results show that the indirect effect of workplace spirituality on job performance via
employee engagement was significant (path coefficient = 0.328, t = 5.889, p<.001). Likewise, the indirect
effect of work-life balance on job performance through employee engagement was significant (path
coefficient = 0.113, t = 2.379, p<.01). These findings indicate that employee engagement acts as a key
mechanism through which workplace spirituality and work-life balance improve job performance.

In contrast, leadership failed to exert a significant influence on job performance through employee
engagement (path coefficient = 0.029, t = 0.776, p>.05). This result suggests that leadership may need to
be redefined in a contingency framework for it to influence job performance through employee engagement.

TABLE 2
MEDIATION MODEL |

Path Path Sample Sample T-statistic P-value

Coefficients Mean Standard

Deviation

Workplace 0.328™ 0.338 0.058 5.689 0.00
Spirituality—Employee
Engagement—Job
Performance
Leadership—Employee | 0.029 0.041 0.037 0.776 0.437
Engagement—Job
Performance
Work-life 0.113" 0.119 0.048 2.379 0.017
Balance—Employee
Engagement—Job
Performance

*p<.05, *p<.01, **p<.001
Source Author-created

11
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6. CONCLUSIONS
6.1 Discussion of Results

This paper assessed the predictors of job performance in a unique sample of Lady officers in the Sri Lanka
Air Force. It provides an insight into the human resource management variables motivating employee
engagement and job performance in a population that is rarely examined, i.e., Lady pilots. The entry of
Lady into flight training is a recent phenomenon, particularly in Sri Lanka where careers of Lady officers are
limited to 15-20 years. The short duration of careers imposes a significant burden upon the women to prove
their capabilities, while earning the respect of male counterparts.

The principal findings of the study were that workplace spirituality increased employee engagement, which
in turn, improved job performance. Separately, work-life balance increased employee engagement and job
performance. Although all paths were significant in the workplace spirituality—employee engagement—job
performance, and the work-life balance—employee engagement—job performance models, the path from
workplace spirituality to employee engagement had a higher path coefficient than that from work-life
balance to employee engagement. We offer an explanation based on workplace spirituality being based on
core values, while work-life balance is a reducer of work stress.

Workplace spirituality in Sri Lanka emanates from the core Buddhist beliefs of compassion, respect for
peers, consistency, and responsibility. Same way other religions such as Christianity, Hinduism and Islam
has played a similar role in such religious believers. These core beliefs are the essence of the Lady officer’s
being, bestowing a sense of self-identity. They nourish the inner self, enriching the spirit and conferring
benevolent feelings that are carried into the work environment. Compassion and respect for peers
encourage team building. Consistency leads Lady officers to practice flight maneuvers repeatedly until
mastery is achieved, and to faithfully follow the directions of flight instructors. Responsibility to the military
strengthens patriotism. During peace time, Lady officers, same as their male counterparts are involved in
training, nation building projects and projects to promote environmental sustainability. They plant trees,
clear waste from monuments, restore mangrove swamps, and engage in seed bombing projects
(reforestation projects). Responsibility to protecting the country from climate change as a core value
strengthens the resolve of Lady officers participating in projects to promote environmental sustainability. As
the values of workplace spirituality are manifested in the workplace, employees begin to view the job as
essential to their self-image, or employees become cognitively emotionally engaged. As the values that
define them are manifested in the military environment, employees become emotionally engaged to the
organization. The congruence between personal beliefs and the values of the organization lead to cognitive
employee engagement and emotional employee engagement, both of which stimulate extra effort and
striving that support job performance.

Work-life balance, on the other hand, is a reducer of work stress. It is a convenience function, rather than
a core value. The employee appreciates the efforts undertaken by the employer in relieving work duties so
that the employee is capable of fulfilling family duties. However, a convenience function does not inspire,
capture interest, or stir the soul. It does not become the central life interest for a cognitively engaged
employee. It fails to confer emotional attachment to the organization. However, an employee who
experiences work-life balance may speak well of the organization, reduce absenteeism, reduce turnover,
and apply themselves diligently to task completion. This is behavioral employee engagement. The extra
diligence to work, such as flight training, and serving on high-performance teams, along with regular
attendance and positive psychology results in improved job performance.

6.2 Theoretical Implications
The values-based definition of workplace spirituality shows fit with the conceptualization of workplace
spirituality as deep meaning in work, social connectedness, and adherence to higher-order goals (se

Iddagoda et al., 2022, for a review). Employees who find deep meaning in work do so due to values of
consistency and responsibility. Respect and compassion underlie social connectedness, or rich
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interpersonal interactions. Flight officers who feel a sense of responsibility to the military will see beyond
mundane goals to long-term goals that ensure the military’s survival and growth.

This paper adds to Shamir’s (1991) definition of workplace spirituality as the produce of congruence of work
and self-concept, where self-concept is developed by the use of core values to create positive self-image.
The work environment becomes an extension of the inner self with interactions and interpersonal
connections to be cherished and nurtured. Spillover theory (Diener, 1984) suggests horizontal spillovers
with finding deep meaning in work spilling over into capturing employee interest through increased cognitive
engagement and emotional engagement. Both forms of engagement were shown to increase task
performance. Iddagoda et al. (2022) viewed job satisfaction as an outcome of finding deep meaning in
work. Job satisfaction is a more fleeting affective state. This study’s finding of employee engagement as a
mediator of workplace spirituality and job performance suggests that workplace spirituality has a more
consequential effect than altering an affective state, in that engagement is an enduring emotion which
encourages employees to elevate job performance.

The paper adds to the nascent literature on work-life balance in developing countries. In a recent study,
Garg and Sharma (2024) observed that psychological capital and social capital were enhanced by work-
life balance. This study moves the analysis beyond the immediate effects of work-life balance to employee
engagement and job performance. High levels of psychological capital and social capital are beneficial.
However, they do not necessarily translate to active engagement with work, followed by superior job
performance. The social exchange between the Air Force and the Lady officer provides an abiding resource
that is mutually beneficial.

A related organizational outcome is organizational citizenship. It is possible that work-life balance may
arouse feelings of appreciation among Lady officers, who increase behavioral employee engagement and
eventually, organizational citizenship, i.e., work-life balance may stimulate Lady officers to volunteer at
military events, and assist new employees. Future research should test the work-life balance—employee
engagement—organizational citizenship relationship.

6.3 Managerial Implications

Training programs in the Sri Lanka Air Force should emphasize training in workplace spirituality. Human
Resource departments should develop training materials that include role plays, skits, and games that set
forth core values that connect the inner self to work responsibilities. The ensuing increase in workplace
spirituality may increase cognitive employee engagement and emotional employee engagement.

The Sri Lanka Air Force should strengthen the conditions to promote work-life balance. Staff can be
provided to assist new employees. Flextime may be implemented to grant more time to Lady officers to
attend to their families. Appreciative employees are likely to reduce absenteeism, reduce turnover, and
praise the military. They may recommend the Air Force as a family-friendly environment to their female
friends.

6.4 Research Limitations and Recommendations for Future Research

Leadership failed to exhibit any predictive effect on employee engagement in both the direct model and the
mediated model. Perhaps, the Leadership Scale needs to be revised to more closely reflect the value of
Lady officers in the Sri Lanka Air Force.

No moderators were tested in this study. Religiosity may be a moderator of the workplace spirituality-
employee engagement relationship. Religiosity is the extent to which an employee practices his or her
religion. It may be hypothesized that employees with greater religiosity are likely to have higher levels of
workplace spirituality, so that the two variables together will significantly increase employee engagement.
Likewise, gratitude may be tested as a moderator of the work-life balance-employee engagement
relationship. Employees who are grateful for the amenities provided by the military to assist them in fulfilling
family responsibilities may demonstrate greater behavioral employee engagement, which, in turn, improves
job performance.
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Future studies may use a larger sample of Lady officers as more women join the Air Force, over time. The
current sample size of 73 women can thus be increased, which is not possible at this time.
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Appendix
Scale for Workplace Spirituality
Statement Strongly | Agree | Neutral Disagree | Strongly
Agree Disagree
1. | can easily put myself in other | [] L] L] L]
people’s shoes.
2. | am aware of and sympathize with | [] L] L] L] L]
others.
3. | try to help my co-workers relieve | [] L] L] L] L]
their suffering.
4. | am aware of my co-workers’ | [] L] L] L] L]
needs.
5. | do jobs or tasks automatically, | [] L] L] L] L]
without being aware of what I'm doing
(reversed).
6. | find myself working without paying | [] L] L] L] L]
attention (reversed).
7. At work, | break or spill things | [] L] L] L] L]
because of carelessness, not paying
attention, or thinking of something else
(reversed).
8. | rush through work activities | [] ] L] L] L]
without really being attentive to them
(reversed).
9. I go to the place on ‘automatic pilot,” | [] L] L] L] L]
and then wonder why | went there
(reversed).
10. It seems | am working automatically | [] L] L] L] ]
without much awareness of what I'm doing
(reversed).
11. | experience joy in my work. L] L] L] L] L]
12. | look forward to coming to work | [] L] L] L] L]
most days.
13. | believe that others experience joy | [] L] L] L] L]
as a result of my work.
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my life comes from my work/job.

14. My spirit is energized as a result of | [] L] L] L] L]
my work.
15. | see a connection between my | [] L] L] L] L]
work and the larger social good of my
community.
16. | understand what gives my work | [] L] L] L] L]
personal meaning.
17. The work | do is connected to what | [ ] L] L] L] L]
| think is important in life.
18. At times, | experience an energy or | [] L] L] L] L]
vitality at work that is difficult to describe.
19. | experience moments at work | [] L] L] L] L]
when everything is blissful.
20. At times, | experience happiness at | [] L] L] L] L]
work.
21. | have moments at work in which | | [] L] L] L] L]
have no sense of time or space.
22. At moments, | experience complete | [ ] L] L] L] L]
joy and ecstasy in my work.
Source: Author-created

Scale for Leadership

Please indicate how you feel about your experience in your job and your organization.
Statement Strongly | Agree | Neutral Disagree | Strongly

Agree Disagree

1. My leader is a team builder. [ ] [ ] [ ] [ ] [ ]
2.My leader gives recognition for my | [] [] [] [] []
achievements in the organization.
3.My leader helps me to see and feel how | [] L] L] L] L]
they are contributing to the organization’s
success and time.
4.My leader shows that he/she values me as | [] L] L] L] L]
an employee.
5.My leader helps me create confidence in | [] L] L] L] L]
a company by being an example of high
ethical and performance standards.
6.My leader strives to maintain a company’s | [_] L] L] L] L]
reputation and demonstrate high ethical
standards.
7.My leader communicates a clear | [] L] L] L] L]
organizational vision.
8.My leader clarifies his/her expectations of | [ ] L] L] L] L]
me as an employee and provides feedback
on my functioning in the organization.
9.My leader provides challenging and | [] L] L] L] L]
meaningful work with opportunities for
career development.

Scale for Employee Engagement

Please indicate how you feel about your experience in your job and your organization.
Statement Strongly | Agree | Neutral Disagree | Strongly

Agree Disagree

1. | think the most important thing that | [] L] L] L]
happened to me is involvement in my
work/job.
2. | believe the major satisfaction in | [] L] L] L] L]
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3. | believe | live, eat and breathe with | [] L] L] ] ]
my work/job.

4. When my Commanding Officer | [] L] L] L] L]
assigns a job/task | feel, | am really going to

“get into” this job/task.

5. | feel proud of the work | do. ] L] L] LJ L]
6. I am proud to introduce myself with | [] L] ] ] ]
my job title.

7. | always arrive at work when | am | [] L] L] ] ]
expected to arrive.

8. Generally, | am not a person of | [] L] L] ] ]
absenteeism.

9. | exert high levels of effort to | [] O] ] ] ]
perform duties of my job.

10. | speak positively about the | [] O] ] ] ]
organization when interacting with others.

11. I have no intention to resign or retire | [] L] L] L] L]
immediately from my job.

12. | strive towards achieving duties in | [] L] L] L] L]
the expected way by my organization.

Source: Author-created
Scale for Work-life Balance

Please indicate your level of agreement or disagreement with regard to the following statements.
Statement Strongly | Agree | Neutral Disagree | Strongly
Agree Disagree

27. My Commanding Officer considers
me as an asset.

28. My Commanding Officer has almost
no complaints against me.

29. My juniors/subordinates consider me
as a role model for them to follow.

30. My bother officers are happy in the
way that | am interacting with them.

31. Officers/Airmen who expect my
services are satisfied about the way |
serve them.

32. My spouse has almost no complaints
against my responsibilities at home.

33. My children admire my role as a
father/mother.

34. My parents are really satisfied about
the way that | am fulfilling my obligations
and responsibilities towards them.

35. | maintain a cordial relationship with
my close relatives.

Source: Author-created

AUTHOR PROFILES:
Anuradha lddagoda, is a Senior Lecturer of the Management Science Unit, Department of Mathematics,

Faculty of Applied Sciences, University of Sri Jayewardenepura Sri Lanka. She holds a PhD in Human
Resource Management from the University of Sri Jayewardenepura Sri Lanka, Her research areas are

17



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

Human Resource Management, Green Human Resource Management, green orientation, employee
engagement, leadership and work-life balance.

Rebecca Abraham is Professor of Finance at Nova Southeastern University. She obtained her doctorate
in Finance from Alliant International University, San Diego, in 1989. She is the author of 142 publications
including 5 books. She publishes in derivatives, corporate finance, and labor economics. She is Co Editor
of the Journal of Economic and Administrative Sciences.

Air Vice Marshal Manoaj Keppetipola, past Deputy Chief of Staff and Director General Administration of
Air Force officer who holds a PhD from PIM - University of Sri Jayewardenepura. He also MBA from PIM,
University of Jayewardenepura, having two Masters in Defence Studies from University of Kelaniya, and
Masters in National Security and War Studies from National Defence University, Pakistan. He has published
more than 20 academic journal articles including indexed journals and co-authored two Palgrave McMillion
books which highlights his dedication to scholarly excellence.

Hiranya Dissanayake is a dedicated educator and researcher with a proven commitment to advancing
knowledge in Corporate Governance, Sustainability, and Strategic Management Accounting. She has
consistently demonstrated excellence in academia and has made a lasting impact on her students, peers,
and the broader research community. Her extensive publication record of 50 academic journal articles
highlights her dedication to scholarly excellence.

Madhura Jayasinghe is Professor of Food Science in the Department of Food Science and Technology
at University of Sri Jayewardenepura. He has published in the areas of nutrition and plant health, having
experimented with new plants and seeds designed to increase food security. He had 10 indexed
publications, which along with book chapters, conference proceedings, and theses reports make up his
research portfolio.

18



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

BRIDGING CULTURES: MEDIATION AS A PATHWAY TO INTERNATIONAL STUDENT SUCCESS
Amr Swid, The Bill Munday School of Business, St. Edward’s University, Austin, U.S.A.
Joshua Bienstock, School of Management, New York Institute of Technology, New York, U.S.A.
Nico Weigandt, The Bill Munday School of Business, St. Edward’s University, Austin, U.S.A.

dx.doi.org/10.18374/JABE-26-3.2

ABSTRACT

This paper explores the growing need for universities to address cultural clashes faced by international
students. Cultural clashes are common, and they generate friction between students and institutions.
Mediation, a structured conflict resolution process led by a neutral facilitator, is presented here as a useful
tool for navigating these cultural complexities. By emphasizing shared interests over opposing positions
and separating people from the problem, mediation supports constructive communication and intercultural
competence. This paper draws on recent studies to examine the role of mediation in promoting international
student adjustment. Those studies underscore the role of mediators in facilitating cross-cultural
communication and mitigating acculturation stress among international students. By equipping students
with communication tools and fostering empathy, mediation offers a promising avenue for supporting
international student success.

Keywords: International students, cultural conflicts, intercultural competence, conflict resolution,
acculturation stress

1. INTRODUCTION

The number of international students enrolled at universities worldwide has grown steadily, and with that
growth comes a sharper need to understand how cultural differences shape student adjustment. Cultural
friction is not an exception in these settings; it is a baseline condition that students and institutions must
learn to manage.

Mediation, defined here as a structured process in which a neutral third party facilitates communication
between disputing parties, has surfaced in the higher-education literature as a tool well-suited to this terrain.
By creating space for dialogue across cultural lines, mediation gives students from diverse backgrounds a
structured way to work through disagreement and, in doing so, supports the sense of belonging that anchor
successful adjustment.

Two principles drawn from the broader negotiation literature inform how mediation operates in cross-cultural
settings: emphasizing shared interests over fixed positions, and separating the people involved from the
problem being addressed.

Recent work applies these principles directly to the university context. Kim and Mailey (2018) document the
role of mediators in facilitating cross-cultural communication and conflict resolution among students from
diverse backgrounds, and Smith and Khawaja (2017) examine how mediation can address acculturation
stress and the interpersonal strains it produces in educational environments.

International students often arrive without a developed playbook for navigating conflict in their host culture.
Mediation supplies that playbook in two ways. First, it gives students concrete communication strategies
for resolving disagreements without escalation. Second, by opening channels for dialogue, it counters the
isolation that can stall adjustment when students feel unheard or excluded. The remainder of this paper
examines how mediation, alongside formal orientation programs, supports international student adjustment
and how cultural differences shape the relationship between the two.
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2. LITERATURE REVIEW
2.1 Academic Adjustment

Academic adjustment refers to the degree to which a student meets the cognitive, behavioral, and
motivational demands of university coursework, class participation, study habits, performance under
evaluation, and engagement with faculty. For international students, this process is layered: academic
norms vary across educational systems, and what counts as competent classroom behavior in one country
may read as passive or overconfident in another. Byram and Jones (2002) note that standardized
institutional approaches tend to overlook these variations, and Ward, Bochner, and Furnham (2001) frame
academic adjustment as one strand of a broader sociocultural adaptation that unfolds alongside
psychological adjustment to a new environment.

Two factors shape how quickly and successfully this adjustment occurs. The first is the cultural distance
between the student's prior academic system and the host institution's expectations for students from
collectivist or high-power-distance cultures, for example, may approach faculty interaction differently than
peers from individualist, low-power-distance settings (Hofstede, 2011; Chirkov, Vansteenkiste, Tao, &
Lynch, 2008). The second is the support infrastructure the host institution makes available, including
orientation programs, advising, and conflict-resolution channels such as mediation. Where this
infrastructure is culturally responsive, academic adjustment improves; where it is generic, students from
non-dominant cultural backgrounds tend to disengage (Shaughnessy, 2004).

2.2 The Use of Mediation and Academic Adjustment

The relationship between international students' group integration, academic adjustment, and the use of
mediation does not reduce to a single mechanism. It is shaped by the cultural backgrounds students bring,
the resources for conflict their institution makes available, and the fit between the two. Kaushal and Kwantes
(2006) argue that cultural conflict arises from individual differences in how people interpret and respond to
social and personal situations. These differences surface in attitudes toward aggression, openness, and
the relative weight given to academic versus athletic pursuits (Stroink, 2005). When these differences go
unaddressed, they harden into the kinds of disputes that derail adjustment.

University mediation offices are positioned to defuse this dynamic. Griffin (2002) describes these offices as
handling a wide range of issues for students, staff, and the broader campus community, including
interpersonal disputes. He notes that they offer advice, strategies, and education in alternative dispute
resolution to help parties reach amicable outcomes. The intake function matters as much as the resolution
function: by giving students a recognized channel, mediation offices make conflict legible rather than letting
it accumulate as background stress.

Orientation programs sit upstream of mediation in this picture. Jameson (1998) reports a positive
association between orientation participation and indicators of student success, including retention,
academic performance, and use of on-campus support services such as mediation. The implication is that
orientation is not a standalone intervention but a gateway; students who go through it are more likely to
know that mediation exists, what it does, and when to use it. For this gateway to function across a culturally
heterogeneous student body, however, orientation itself must be designed with cultural responsiveness in
mind. Kaushal and Kwantes (2006) point to flexible leadership and creative programming as preconditions
for accommodating diverse cultural backgrounds and reducing misunderstanding during the transition into
university life.

H1: International students' group integration and academic adjustment are positively related to the use of
mediation.

2.3 Cultural Differences and Academic Adjustment

Standardized orientation programs assume a homogeneous audience and, in doing so, tend to overlook
the cultural backgrounds international students bring (Byram & Jones, 2002). This matters because culture
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shapes how students process information, interact with peers and authority figures, and adapt to unfamiliar
environments (Ward, Bochner, & Furnham, 2001). A program design that emphasizes individual initiative,
"introduce yourself, ask questions, network actively”, reads as common sense to students from individualist
backgrounds and as confusing or even rude to students from collectivist ones (Shaughnessy, 2004). The
reverse is also true: heavy reliance on group icebreakers can disorient students whose academic culture
rewards independent navigation.

Chirkov, Vansteenkiste, Tao, and Lynch (2008) extend this argument by showing that cultural values, such
as collectivism and uncertainty avoidance, shape students' receptivity to a formal orientation in the first
place. Students from collectivist cultures gravitate toward orientation activities built around group cohesion
and peer support; students from cultures high in uncertainty avoidance prefer structured programming with
explicit guidelines and predictable expectations. The same orientation event can therefore generate very
different adjustment outcomes depending on whose cultural lens is reading it.

Hofstede's (2011) cultural dimensions framework adds a further layer through the power distance
dimension. In high-power-distance cultures, hierarchical relationships are taken for granted, and
international students from these backgrounds often defer to faculty and administrators and follow
prescribed orientation norms without pushback. In low-power-distance cultures, students treat institutional
authority as more horizontal and bring more autonomy and skepticism into the orientation process. Neither
stance is intrinsically better, but a one-size-fits-all program will inadvertently reward one and penalize the
other.

Context level, the degree to which communication relies on shared, implicit understanding versus explicit,
direct statements, is a further moderator that orientation programs rarely account for. Students from high-
context cultures read meaning from setting, relationships, and what is left unsaid; they expect faculty and
peers to interpret indirect cues without forcing them into the open. When orientation materials and academic
norms in the host country lean toward low-context explicit syllabi, direct office-hour requests, candid
disagreement in seminars, high-context students can experience the environment as blunt or transactional,
and their reluctance to ask questions directly can be misread as disengagement. The friction is not about a
willingness to adjust; it is about a mismatch between the communication conventions students have
internalized and those the institution defaults to (Hofstede, 2011; Ward, Bochner, & Furnham, 2001).
Mediation is well-suited to surfacing this kind of mismatch precisely because it slows the conversation down
enough for indirect signals to be heard.

Cultural intelligence, the capacity to function effectively across cultural contexts, sits alongside these
dimensions as a student-level factor that conditions how cultural differences play out in practice. Students
who arrive with stronger cultural-knowledge, motivational, strategic, and behavioral CQ are better equipped
to read unfamiliar academic norms, adjust their behavior in real time, and recover from missteps without
disengaging (Ang & Van Dyne, 2008; Chirkov et al., 2008). The implication for institutional design is that
cultural difference is not a fixed obstacle to be removed but a variable to be worked with. Orientation
programs that help students build cultural intelligence rather than simply transmitting institutional
information produce more durable adjustment gains. This positions cultural intelligence as a plausible
mediator between orientation participation and adjustment outcomes, a role the present study tests directly.
Taken together, these studies establish cultural difference as a moderating variable in the relationship
between formal orientation programs and international student adjustment. They also point to a research
gap: most existing work treats orientation as a uniform treatment and culture as a static demographic, rather
than testing how the interaction between the two produces adjustment outcomes. The present study
addresses that gap. Universities can use these findings to design orientation programs that bridge cultural
divides and equip international students with the support they need to succeed in their new academic
setting.

H2: Cultural differences will moderate the relationship between formal orientation programs and
international students' adjustment.
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FIGURE 1: CONCEPTUAL MODEL
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3. METHODS
3.1 Participants

The number of international students participating in this research study is 200, from heterogeneous
countries of origin. The desired response would be 120 completed surveys from international students to
ensure the accuracy and reliability of the research results. The participants will be randomly selected from
three universities in New York State with a high percentage of registered international students. The
students will all be incoming students who have not spent significant time in the US or attended any other
schools in America. Respondents will be assigned an identification code and given an online address where
they can complete the online survey through their customized code. All responses are confidential and will
not be identified by the university.

3.2 Timing

The data will be collected longitudinally. A longitudinal study method will be used to detect the development
of international students in US colleges. The first data collection from students will be during their orientation
period. The second data collection will take place four months later, after the academic semester has
ended. The advantage of a longitudinal study is that its findings go beyond a single moment in a student's
life (Institute for Work & Health, 2009).

3.3 Measures
Power distance and collectivism. The perception of power distance and collectivism in the societies of origin

of international students will be measured using the dimensions identified by the GLOBE Study (House,
Hanges, Javidan, Dorfman, & Gupta, 2004). The survey focuses on the society in which the international
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student lived before attending college in the United States. The survey has two types of questions, both
based on a 1-7 Likert scale. For the first type, the student circles the number from 1 to 7 that best reflects
their perceptions of their country. For the second type, the student circles the number from 1 to 7 that best
reflects their level of agreement with the statement.

High vs. low context. To measure the cultural orientation and context of incoming international students,
the Oddou and Derr (1999) survey, "Managing Internationally: A Personal Journey," will be used. The
survey measures dimensions of culture, including Relationship, Space, Timing, and Communication. For
this research, only the Relationship and Communication items will be used. The survey uses a 1-5 scale,
where the student writes the number indicating their agreement with the statement, with 5 meaning strongly
agree and 1 meaning strongly disagree.

An example statement to measure Relationship dimensions in culture is: "If | had some significant problems
| needed help solving, | have any number of friends | could easily turn to for help.” An example statement
to measure Communication dimensions is: "If my boss or teacher were wrong, | would be more likely to tell
her or him than to suggest there might be another answer simply."

Cultural intelligence. To measure incoming international students’ cultural intelligence, the 20-item Four-
Factor Cultural Intelligence Scale (CQS) developed by Ang and Van Dyne (2008) will be used. The CQS
includes 20 items, divided into subcategories measuring CQ-Strategy, CQ-Knowledge, CQ-Moativation, and
CQ-Behavior.

The survey uses a 1-7 scale, with 1 indicating strongly disagree and 7 indicating strongly agree. An
example item to measure CQ-Strategy is: "I am conscious of the cultural knowledge | use when interacting
with people with different cultural backgrounds." For CQ-Knowledge, an example item is: "I know the
cultural values and religious beliefs of other cultures.”" An example item for CQ-Motivation is: "l enjoy
interacting with people from different cultures.” An example item for CQ-Behavior is: "l use pause and
silence differently to suit different cross-cultural situations."

3.4 Orientation Program Participation

Participation in the university's formal orientation program was measured with a single item: "Did you attend
the university's formal orientation program?" (1 = Yes, 0 = No). For those who attended, additional items
assessed perceived helpfulness and content relevance on a 5-point Likert scale (e.g., "The orientation
program helped me adjust to campus life," 1 = Strongly Disagree to 5 = Strongly Agree).

3.5 Mediation

Mediation will be assessed by the frequency with which international students have used the resource
during their adjustment process. The question is: "Have you used any mediation resources during the past
four months?" On a scale from 1 to 7, students will indicate the level and frequency of their use of mediation.
A 1 represents "Never," a 4 represents "Sometimes," and a 7 represents "Frequently.”

3.6 Adjustment Outcomes

Team/group integration. International students' team/group integration into their new university
environments will be measured with a combination of four items from Morrison (1993) and three items from
Chao, O'Leary-Kelly, Wolf, Klein, and Gardner (1994). Examples include: "My classmates and peers seem
to accept me as one of them" and "l get along with people | work on group projects with very well" (Chao
et al., 1994). Another example is: "l feel comfortable around my classmates and peers" (Chao et al., 1994).
On a scale from 1 to 5, each participant indicates how much they agree or disagree with these items.

Grade Point Average. Grade Point Average is a measure of how well students are performing academically

in college. In American universities, the GPA is based on a 4.0 scale, meaning that the closer the average
is to 4.0, the better the student is performing in class.
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4. ANALYSIS

4.1 Missing Value Analysis

Missing-value analysis is used to determine whether the dataset contains missing values. Missing values
exceeding 5% in any dataset distort study results, so a missing-value analysis was conducted to determine
whether missing values were present in the dataset. Only 1.82% of the data were missing; therefore,
missing-value analysis was not necessary.

4.2 Normality

The multivariate kurtosis was less than 1.96 for all items, indicating that the data are normally distributed
and can be used directly for further analysis.

4.3 Descriptive Statistics

Age. Students below 21 accounted for 41% of the sample, while students below 25 accounted for 85%,
with a few graduate students (15%) representing older ages. The median age of the study participants was
21 years.

Citizenship. Most of the students were from China (41%), followed by India (22%). Other students were
from European countries (7%), African countries (3%), and Arab countries (2%), totaling 14 countries.

Ethnic background. The majority were Asian (72%), followed by Caucasians, Africans, Arabs, and others.
4.4 Reliability

Reliability in statistics indicates the consistency of items within a construct. According to Table 1, the
Cronbach's alpha in this study ranged from 0.556 to 0.936, indicating poor to superb consistency.

TABLE 1: SCALE RELIABILITY

Particulars Cronbach's alpha (a)
Academic adjustment 0.843
Mediation 0.912
Collectivism 0.645
Power distribution 0.556
Cultural intelligence 0.614
Low/high context culture 0.602
Group integration 0.936

4.5 Factor Analysis

When all items were forced to form a single factor, the factor analysis extracted 28 components, accounting
for 70.375% of the variance. Since the factor loadings were greater than 0.4 (except for six items), the items
with factor loadings below 0.4 were excluded from further analysis. The remaining items were retained for
further analysis.

The path diagram for the preliminary model, used for confirmatory factor analysis, is shown in Figure 2.
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FIGURE 2: PRELIMINARY MODEL
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4.6 Model Fit Indices

The values of different indices are summarized in Table 2.

TABLE 2: PRELIMINARY MODEL FIT INDICES

Model Fit Desired Score
Chi-Square 9097.425 NA
Degrees of Freedom 4838 NA
CMIN/DF 1.88 < 2.00 for good fit; 2.00-5.00 for moderate fit
CFlI 0.565 Close to or more than 0.90 for good fit
RMSEA 0.064 < 0.10 reflects good fit
NFI 0.387 A value close to 0.90 reflects a good fit
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Table 2 shows that the chi-square value was 9097.425, the degrees of freedom were 4838, and the
CMIN/DF was 1.88, indicating a good-fitting model. The CFl was 0.565, which falls short of the 0.90
threshold, and the RMSEA was 0.064, indicating a good fit. The NFI value of 0.387 is also below the 0.90
threshold.

4.7 Validity

Convergent validity. Principal component analysis was carried out to reduce large datasets into smaller,
more meaningful sets of constructs. Each variable used in the analysis was measured by multi-item
constructs, and factor analysis with varimax rotation was used to assess unidimensionality among the
items. The constructs included in the confirmatory factor analysis had Cronbach's alphas greater than 0.7.
Cronbach's alpha indicated good internal consistency among the constructs. All the items included in the
analysis had factor loadings of 0.4 or greater. Convergent validity was also assessed using factor loadings,
which had p-values less than 0.001. This test supported that the constructs had convergent validity.

Discriminant validity. Discriminant validity was indicated by the correlation matrix, in which the majority of
the constructs had correlation coefficients below 0.85, and by the path analysis, in which the correlations
among the latent constructs were below 1.

4.8 Measurement Model Fit Indices

The values of different indices for the measurement model are presented in Table 3.

TABLE 3: MEASUREMENT MODEL FIT INDICES

Model Fit Desired Score
Chi-Square 9296.938 NA
Degrees of Freedom 4838 NA
CMIN/DF 1.922 < 2.00 for good fit; 2.00-5.00 for moderate fit
CFI 0.544 Close to or more than 0.90 for good fit
RMSEA 0.065 < 0.10 reflects good fit
NFI 0.373 A value close to 0.90 reflects a good fit

Table 3 shows that the chi-square value was 9296.938, the degrees of freedom were 4838, and the
CMIN/DF was 1.922, indicating a good-fitting model. The CFl was 0.544, and the RMSEA was 0.065. The
NFI value of 0.373 is below the 0.90 threshold.

4.9 Hypotheses Testing

H1: International students' group integration and academic adjustment are positively related to the use of
mediation.

The regression coefficient for the association between group integration and academic adjustment,
controlling for mediation, was 0.193 (p = 0.000, < 0.05). Since the p-value is less than 0.05, we conclude
that international students' group integration and academic adjustment are positively related to the use of
mediation. Results are reported in Table 4.

26



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

TABLE 4: COVARIANCES: GROUP NUMBER 1 — DEFAULT MODEL

Paths B S.E. C.R. P Label
Adjustment > Mediation .089 .044 | 2.027 .043
Grouplint > Mediation 193 .050 | 3.843 ok

H2: Cultural differences will moderate the relationship between formal orientation programs and the
international students' adjustment.

Model structure. To test H2, a parallel-mediation model was estimated with formal orientation program
participation as the predictor (X), international student adjustment as the outcome (YY), and two cultural
variables as parallel mediators: context culture (M1) and cultural intelligence (M2). The model decomposes
the total effect of orientation on adjustment into a direct path (Orient — Adjust) and two indirect paths routed
through each mediator (Orient — ContCul — Adjust; Orient — Cultint — Adjust). Indirect effects were tested
using bootstrapped 95% confidence intervals; an effect was considered statistically significant if the interval

did not include zero. The sample size for this analysis was 120 international students. Results are reported
in Table 5.

TABLE 5: DIRECT AND INDIRECT EFFECTS OF ORIENTATION ON ADJUSTMENT
Direct Effect of Orientation on Adjustment

Effect SE t p LLCI ULCI

.0302 .0173 1.7469 .0821 -.0039 .0642

Indirect Effect of Orientation on Adjustment

Effect Boot SE Boot Boot

LLCI ULCI

Total .0118 .0078 .0012 .0328
ContCul .0057 .0045 .0001 .0185
Cultint .0060 .0047 .0001 .0195

To test H2, we ran a mediation analysis with orientation as the predictor, adjustment as the outcome, and
two mediators sitting between them: context culture and cultural intelligence. Attending orientation gave
students a small but real boost in both mediators (orientation to context culture: B = 0.0408, p = .0231;
orientation to cultural intelligence: B = 0.0429, p = .0376).

From there, cultural intelligence pushed adjustment scores up in a statistically significant way (B = 0.1410,
p =.0293), while context culture moved adjustment scores in the same direction but fell just short of the .05
cutoff (8 = 0.1404, p = .0585), so we read it as marginal. Once both mediators were in the model, orientation
on its own no longer moved adjustment to a meaningful degree (8 = 0.0302, p = .0821).

What moved it was the indirect route. Bootstrapped confidence intervals showed a significant total indirect
effect (0.0118, 95% CI [0.0012, 0.0328]), and each path separately held up too through context culture
(0.0057, 95% CI [0.0001, 0.0185]) and through cultural intelligence (0.0060, 95% CI [0.0001, 0.0195]).

Read together, the numbers show that orientation does not improve adjustment on its own; it works by

raising students' cultural awareness and cultural intelligence, and those gains carry the effect. That pattern
aligns with H2's prediction: cultural factors are the channel through which orientation reaches adjustment.
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5. FINDINGS AND DISCUSSION

This study set out to test whether cultural differences moderate the relationship between formal orientation
programs and international student adjustment, and whether mediation contributes to adjustment alongside
group integration. The results support both claims.

On the orientation side, the parallel-mediation analysis showed that orientation does not directly influence
adjustment, but rather operates through cultural mechanisms, specifically context-culture awareness and
cultural intelligence. This finding sharpens the existing literature on orientation programs in two ways. It
corroborates earlier work documenting the limits of standardized orientation for diverse international student
populations (Byram & Jones, 2002; Ward, Bochner, & Furnham, 2001), and it identifies the specific cultural
channels through which orientation does generate adjustment gains. The implication is that cultural
responsiveness is not a soft add-on to orientation programming; it is the active ingredient. Cultural factors
such as collectivism, power distance, and uncertainty avoidance shape how students perceive and respond
to orientation in the first place (Chirkov et al., 2008; Hofstede, 2011; Shaughnessy, 2004), so universities
serious about adjustment outcomes need to design programs that account for these differences rather than
treat them as noise.

On the mediation side, the H1 analysis confirmed that group integration and academic adjustment are
positively associated with mediation use. This is consistent with the broader argument that communication,
empathy, and cultural competence underwrite effective conflict resolution in cross-cultural settings (Griffin,
2002; Kaushal & Kwantes, 2006; Stroink, 2005). Mediation gives international students a structured channel
to surface and resolve disagreements that, left unaddressed, accumulate into the kind of background stress
that undermines adjustment.

The longitudinal design strengthens these interpretations. By collecting data at orientation and again four
months later, the study captures adjustment as a process rather than a snapshot, allowing the indirect
effects through cultural mediators to appear in the data.

Two boundary conditions are worth flagging. First, the direct effect of orientation on adjustment was non-
significant in this sample; readers should not interpret this as evidence that orientation is unimportant, but
as evidence that its mechanism is mediated. Second, the model fit indices (CFI and NFI) are well below the
.90 threshold, suggesting that additional latent structure may be operating beyond what the present model
captures. Future iterations should explore alternative model specifications and consider whether the
construct definitions for power distance, low/high context, and cultural intelligence, several of which posted
Cronbach's alphas below the conventional .70 threshold in this sample, would benefit from refined or
extended item sets.

6. CONCLUSION

This study examined how formal orientation programs, cultural differences, and mediation jointly shape
international students' adjustment to higher education. Two findings carry the paper. First, the effect of
orientation on adjustment runs through cultural mediators, contextual culture, and cultural intelligence rather
than operating directly, which reframes orientation programming as a vehicle for cultural-capacity building
rather than information transfer. Second, mediation use is positively associated with both group integration
and academic adjustment, which positions university mediation services as a meaningful complement to
orientation rather than a niche dispute-resolution tool. Together, these findings shift the conversation about
international student support from a one-size-fits-all orientation to a more layered, culturally responsive
design.

6.1 Implications
The practical takeaway for university administrators is that orientation programs and mediation services

should be designed and resourced as a connected system rather than as separate offerings. Three
implications follow.
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First, orientation content should be audited against the cultural composition of the incoming international
student cohort. Programs that assume an individualist, low-context, low-power-distance student profile,
which most standardized orientations leave students from other cultural backgrounds underserved.
Tailoring communication style, the balance between group-versus-individual activities, and the explicitness
of expectations is not a cosmetic adjustment; the mediation analysis in this study suggests that these design
choices drive whether orientation translates into adjustment gains.

Second, mediation services should be introduced during orientation, not held in reserve until a conflict
surfaces. Students who do not know mediation exists, or who associate it with formal grievance, will not
access it during the early-semester window when adjustment friction is highest. Embedding a mediation
overview into orientation lowers this access barrier.

Third, staff who deliver orientation and mediation services need training in cultural responsiveness, not as
a one-off workshop but as an ongoing professional development track. The cultural-intelligence findings in
this study apply to staff as well as students: a mediator's own CQ shapes how effectively they can hold
space for cross-cultural disputes.

6.2 Future Research

Several directions extend this work. The first is on the staff development side: research is needed on which
cultural competence training models for university staff most reliably translate into improved interactions
with international students and a more inclusive campus climate. The training literature is uneven, and
education-specific evidence is thinner than the corporate equivalent.

A second direction concerns the mediation process itself. The present study treats mediation use as a
frequency variable; it does not unpack what makes a given mediation episode succeed or fail. Future work
should examine mediator-level factors, such as cultural competence, communication style, and institutional
positioning, and develop mediation protocols tailored to specific cultural conflict patterns rather than a
generic dispute-resolution template.

Third, the cross-sectional and short- and long-term longitudinal evidence on mediation outcomes requires
longer time horizons. The four-month follow-up window in this study captures early-semester adjustment
but cannot speak to whether mediation engagement during the first year produces durable gains in
academic performance, social integration, and overall well-being across a student's degree program.

Finally, the cultural-sensitivity and conflict-resolution principles examined here likely generalize beyond
higher education to expatriate workforces, multicultural team settings, and other contexts where cultural
difference and structured communication intersect. Comparative work across these settings would clarify
which mediation principles are domain-specific and which transfer.
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ABSTRACT

The COVID-19 pandemic intensified pre-existing nursing shortages and contributed to uneven recovery in
registered nurse (RN) employment across U.S. states. This study examines whether state COVID-19 policy
environments in 2021 were associated with RN employment growth from 2021 to 2022. Using a cross-
sectional sample of the 50 U.S. states and the District of Columbia (N = 51), this study models the
percentage change in total RN employment from 2021 to 2022 as the dependent variable. To capture policy
environments as bundles, individual policies are aggregated into three additive indices: Access and
Affordability, Public Health Mandates, and Labor Mobility and Care Disruption. The third index is interpreted
as a mixed labor-supply context because its components include both supports for labor-force attachment
and family-care constraints. The models control for state-level economic and demographic conditions,
along with a compensation-structure proxy. The primary GLM specifications, estimated with a Gaussian
family, identity link, and Huber—White robust standard errors, produce directional patterns similar to those
from OLS robustness checks, although the estimates are generally imprecise. The Access and Affordability
index is positive across specifications, the Public Health Mandates index is negative and only marginally
significant in the simpler specification, and the Labor Mobility and Care Disruption index is close to zero.
Overall, the results provide limited evidence that broad state policy bundles alone explain cross-state
variation in short-horizon RN employment recovery. From a managerial perspective, the findings support
continuity-of-care and workforce-monitoring strategies during major disruptions, but they do not justify
treating any policy bundle as a causal lever for RN employment.

Keywords: COVID-19 policy; telehealth; nursing workforce; employment recovery; state policy variation;
mandates; labor mobility; health economics.

1. INTRODUCTION

The COVID-19 pandemic was a systemic shock that disrupted labor markets and health-care delivery
simultaneously. In nursing, the shock arrived on top of pre-existing vulnerabilities: persistent shortage
concerns, uneven geographic distribution, and high baseline burnout and turnover (Buchan & Aiken, 2008;
World Health Organization, 2020). Because RN staffing is a binding constraint on service capacity, even
modest changes in employment can translate into operational strain, greater reliance on temporary staffing,
and higher labor costs. During 2020, health-care utilization and spending shifted sharply as elective and
outpatient care was deferred and later rebounded unevenly (Karaca-Mandic et al.,, 2021). Nurse
employment also changed during the early phases of the pandemic (Buerhaus et al., 2022).

A distinctive feature of the U.S. pandemic response was substantial state autonomy in policy design and
implementation. States varied in policies affecting access to care, including telehealth coverage and
reimbursement, prescription refill flexibility, and insurer cost-sharing waivers. They also varied in public
health governance, including mask and vaccine mandates, and in policies tied to labor-force attachment
through paid sick leave and school operations. This decentralization produced a heterogeneous policy
landscape that can be linked to workforce outcomes.

Policy evaluation during a crisis is complicated because states rarely adopt interventions one at a time.
Instead, interventions are implemented as bundles that jointly shape operational conditions. In a dataset
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with only 51 jurisdictions, estimating separate coefficients for many correlated binary policies risks
overspecification, unstable estimates, and multicollinearity. Bundle indices provide a parsimonious way to
represent policy environments while aligning with a policy-mix perspective on crisis governance (Capano
& Howlett, 2021; Foley, et. al., 2026).

This study asks whether state COVID-19 policy environments in 2021 are associated with RN employment
recovery from 2021 to 2022. The policy environment is summarized by three additive indices: Access and
Affordability, Public Health Mandates, and Labor Mobility and Care Disruption. The models control for state
economic and demographic conditions, along with a compensation-structure proxy. The analysis is cross-
sectional at the state level; because policy adoption is likely endogenous to outbreak severity, political
constraints, baseline health-system capacity, and pre-existing workforce conditions, results are framed as
descriptive associations rather than causal estimates throughout the paper.

Previewing the findings, the estimated coefficients are directionally consistent with the policy-bundle
framework, but most are imprecisely estimated in this small cross-sectional sample. Access and continuity-
of-care policies are positively associated with RN employment recovery, mandate-intensive environments
are negatively associated, and the Labor Mobility and Care Disruption index remains close to zero over this
short outcome window. These patterns are broadly similar across the primary Gaussian-identity GLM
specifications with Huber—-White robust standard errors and the OLS robustness checks. Rather than
supporting strong claims about individual policy bundles, the results help refine future hypotheses about
which policy environments may matter for workforce stabilization and motivate panel designs using richer
workforce outcomes, including turnover, vacancies, hours worked, and migration.

2. LITERATURE REVIEW

A growing body of policy-mix research argues that policy evaluation should focus on combinations of
instruments rather than single interventions in isolation (Capano & Howlett, 2021; Adolph et al., 2022).
Cross-jurisdictional policy trackers document substantial variation in the timing and intensity of pandemic
measures, supporting the use of indices to summarize policy environments and reduce dimensionality in
small-sample state-level research (Hale et al., 2021; Cebula et al., 2025).

Access and affordability policies—including telehealth expansion, prescription refill flexibility, and cost-
sharing relief—may support continuity of care and stabilize staffing needs. Telehealth scaled rapidly once
regulatory and payment barriers were relaxed (Hollander & Carr, 2020; Wosik et al., 2020), and national
evidence documents large increases in telemedicine use during the pandemic (Demeke et al., 2021; Patel
et al.,, 2021). Emergency prescription refill flexibility may reduce avoidable disruptions by supporting
medication adherence and enabling timely care seeking (Alexander & Qato, 2020; Dolan, 2020). Cost-
sharing protections for COVID-19 treatment also evolved over time, with out-of-pocket costs for
hospitalizations rising as some waivers expired (Chua et al., 2022).

Public health mandates aim to reduce transmission and protect health systems, but they can also introduce
implementation frictions and political contestation. Reductions in mobility and consumer activity were driven
partly by perceived infection risk rather than mandates alone, so mandate adoption may coincide with
higher-risk environments and stronger local shocks (Chetty et al., 2020; Goolsbee & Syverson, 2021). In
the health sector, evidence suggests that health care worker vaccine mandates did not produce large
adverse employment effects on average (Wang et al., 2025).

Labor mobility and care-disruption policies can operate through offsetting labor-supply channels.
Emergency paid sick leave can reduce presenteeism, facilitate isolation during illness, and support labor-
force attachment; evidence links emergency sick leave provisions to reduced COVID-19 spread (Pichler et
al.,, 2020). By contrast, school and childcare disruptions constrained labor supply and hours worked,
especially among parents (Collins et al., 2021; Garcia & Cowan, 2022; Landivar et al., 2023). More broadly,
the pandemic’s uneven caregiving burden has been linked to differential labor-market outcomes (Goldin,
2022; Amuedo-Dorantes et al., 2023). For this reason, the Labor Mobility and Care Disruption index should
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not be interpreted as a uniformly protective policy bundle. It captures both labor-attachment support and
family-care constraints, so its net association with RN employment recovery may be weak or ambiguous.
Cross-state labor mobility may amplify policy effects by enabling workers to reallocate toward higher-
demand or better-compensated markets. Migration theory emphasizes push-pull forces and adjustment
costs (Lee, 1966), while housing costs and spatial frictions can limit labor reallocation (Ganong & Shoag,
2017; Cebula & Clark, 2011).

Cost-of-living and compensation conditions may also shape nurse labor supply and retention. Higher
housing costs can deter in-migration or encourage out-migration (Ganong & Shoag, 2017). Pay dispersion
may also proxy for workplace disultility, as prior research links pay inequality to morale, cooperation, and
performance (Cowherd & Levine, 1992; Bloom, 1999; Shaw et al., 2002).

2.1 Hypotheses

H1: Higher values of the 2021 Access and Affordability index are positively associated with RN employment
recovery.

H2: Higher values of the 2021 Public Health Mandates index are negatively associated with RN employment
recovery.

H3: Higher values of the 2021 Labor Mobility and Care Disruption index are associated with RN employment
recovery, but the expected direction is ambiguous because paid sick leave may support labor-force
attachment while school-related policies may reflect family-care constraints and community disruption. The
relationship may therefore be weak or close to zero in a one-year net-employment framework.

H4: RN employment recovery is associated with structural state characteristics, including housing costs,
compensation structure, unemployment, GDP per capita, Tax burden, and the share of the population aged
65 and older.

3. DATA AND METHODS

This study uses publicly available U.S. state-level data from 2021 and 2022. The unit of analysis is the state
(50 states plus the District of Columbia; N = 51). RN employment data are drawn from the Bureau of Labor
Statistics Occupational Employment and Wage Statistics (OEWS) state files for 2021 and 2022. Policy
variables are compiled from the KFF COVID-19 State Data and Policy Actions Tracker and state public
sources.

Controls are drawn from the BLS Local Area Unemployment Statistics, the American Community Survey,
and the Federal Housing Finance Agency House Price Index. State and local Tax burden measures are
taken from the Tax Foundation’s state-level estimates.

3.1 Outcome Variable

The dependent variable is the state-level percentage change in total employed RNs, denoted %ARN.. It
represents the year-over-year change in RN employment between 2021 and 2022 and is calculated as:

RNL',2022 - RNi,2021
RNi,ZOZl

%ARN; = x 100

where RN; 50,1 and RN; 50, are total RN employment in state i in 2021 and 2022, respectively.

Using a relative rather than absolute change ensures comparability across states with different population
sizes and workforce baselines. This measure aligns with prior macroeconomic analyses that use year-to-
year employment growth rates to evaluate recovery from labor shocks (Coibion, Gorodnichenko, & Weber,
2020; Goolsbee & Syverson, 2021).
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3.2 Variables and Methodology

To reduce model complexity and limit multicollinearity among closely related policy indicators, individual
COVID-19 policies are grouped into three additive policy indices: Access and Affordability, Public Health
Mandates, and Labor Mobility and Care Disruption. Each index is measured as a count of relevant binary
policy indicators in 2021. A one-unit increase in an index indicates that a state adopted one additional policy
within that category. This grouping strategy preserves interpretability in a 51-jurisdiction sample while
avoiding an overspecified model with too many correlated policy variables.

Group 1: Access and Affordability. This index includes telehealth expansion, early prescription refill
flexibility, and insurer cost-sharing waivers.

Group 2: Public Health Mandates. This index includes mask mandates and vaccine mandates, as coded
in the dataset.

Group 3: Labor Mobility and Care Disruption. This index includes paid sick leave and school-related
policies. This bundle combines policies that may affect labor supply in different directions. Paid sick leave
may support labor-force attachment, while school-related disruptions may create childcare burdens and
reduce work availability. Therefore, the coefficient on this index is interpreted as a net association across
potentially offsetting mechanisms, rather than as the effect of a uniformly protective policy environment.

The models include controls for unemployment in 2021, GDP per capita, housing prices, Tax burden, the
share of the population aged 65 and older, and an executives-to-RN pay ratio. Macroeconomic inflation is
not included as a separate regressor because it is constant across states in this single-period cross-
sectional design. Cross-state differences in local economic conditions and purchasing-power pressure are
instead partially captured by GDP per capita and the Housing Price Index.

States did not enter the pandemic with the same nursing workforce conditions. Some states already had
more nurses, greater hospital capacity, or more severe nursing shortages before COVID-19. Because
consistent RN vacancy data are not available for all states, this paper treats pre-existing nursing workforce
capacity as a limitation. To partially address this issue, the robustness checks include lagged RN
employment.

The empirical strategy estimates the association between policy-group indices and RN employment growth
using generalized linear models (GLM) with a Gaussian family and identity link as the baseline approach.
Huber—White robust standard errors are reported throughout. Ordinary least squares (OLS) models with
the same covariates are reported as robustness checks.

Four sequential models are estimated.
Model A includes only the Access and Affordability index:

%ARNL = 30 + ﬁlGli + ]/IXl' + & (1)
where G1; is the Access and Affordability index.
Model B includes only the Public Health Mandates index:

%ARNL = BO + BZGZL' + ]/’Xi + & (2)
where G2; is the Public Health Mandates index.
Model C includes only the Labor Mobility and Care Disruption index:

%ARNL = ﬂO + ﬁ3G3i + ]/’Xi + &; (3)
where G3; is the Labor Mobility and Care Disruption index.
Model D includes all three policy indices simultaneously:

%ARNL = ﬁO + BlGli + BZGZL' + B3G3i + ]/’Xi + & (4)

In all models, X; represents the vector of state-level control variables, and ¢; is the error term. This sequence
first evaluates each policy bundle separately and then evaluates the three indices jointly in the full model.
The same specification sequence is used in the robustness checks.
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4. EMPIRICAL RESULTS
4.1 Descriptive Analysis

Table 1 reports the distribution of index scores for the three grouped COVID-19 policy domains across the
50 states and the District of Columbia. Scores represent the number of policies adopted within each domain
in 2021. Group 1 (Access & Affordability) is concentrated at low-to-moderate adoption levels: a majority of
states score 1 (26 states; 50.98%), while 8 states (15.69%) adopted none and only 4 states (7.84%)
adopted all three measures. Group 2 (Public Health Mandates) is more polarized, with most states adopting
neither mandate (30 states; 58.82%), and the remaining states split between adopting one mandate (11
states; 21.57%) or both mandates (10 states; 19.61%). Group 3 (Labor Mobility & Care Disruption) shows
the widest spread across the scale: 21 states (41.18%) score 0, 14 states (27.45%) score 1, and a smaller
subset of states adopted three or four policies (6 states, 11.76%, and 4 states, 7.84%, respectively). Taken
together, the distributions indicate that access-oriented measures were broadly implemented, while
mandate-based and labor mobility/care disruption policy environments were concentrated in a smaller set
of states, generating meaningful cross-state variation for subsequent regression analysis.

Table 1. Policy-index score distributions (N =51)

Score|Group 1: Access & Affordability| Group 2: Public Health Mandates | Group 3: Labor/Care

0 8 (15.69%) 30 (58.82%) 21 (41.18%)

1 26 (50.98%) 11 (21.57%) 14 (27.45%)

2 13 (25.49%) 10 (19.61%) 6 (11.76%)

3 4 (7.84%) — 6 (11.76%)

4 — — 4 (7.84%)

Total |51 (100%) 51 (100%) 51 (100%)
Note. “—” indicates that the score is not possible for that index given the number of component policies

(Group 1 ranges 0-3; Group 2 ranges 0-2; Group 3 ranges 0—4). Percentages are shares of the full sample
(N =51).

Group 1: Access & Affordability — Score distribution Group 2: Public Health Mandates — Score distribution
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Figures 1-3. Score distributions for the three policy-group indices: Group 1 (Access & Affordability), Group
2 (Public Health Mandates), and Group 3 (Labor Mobility & Care Disruption).

Table 2 reports descriptive statistics for the sample of 51 jurisdictions (50 states plus the District of
Columbia). The dependent variable, RN employment recovery, averages 0.74 percentage points (SD 4.21)
and ranges from -7.57 to 11.06, indicating substantial cross-state variation in the pace of recovery between
2021 and 2022. Among the key controls, the executives-to-RN pay ratio averages 2.65 (SD 0.40),
unemployment averages 3.39 (SD 0.76), GDP per capita averages 64.83 thousand dollars (SD 10.00),
housing price index averages 432.45 (SD 112.67), Tax burden averages 0.046 (SD 0.026), and the share
of the population aged 65+ averages 0.226 (SD 0.024). Inflation is not listed in the descriptive table because
it has no cross-jurisdictional variation in this single-period cross-sectional design.

Table 2. Descriptive Statistics (Overall)

Variable n mean Standard deviation min max

RN employment recovery (%) 51 0.7385 4.2113 -7.5702 11.0561
pay_ratio 51 2.6549 0.3997 1.7741 3.5744
unemployment_rate 51 3.3941 0.7559 1.9000 5.2000
GDP per capita ($1,000s) 51 64.8313 10.0036 47.0860  100.1530
housing_price 51 432.45 112.67 286.47 745.44
tax_rate 51 0.0461 0.0261 0.0000 0.0930
pct_65plus 51 0.2263 0.0238 0.1600 0.2700

4.2 Correlations

Table 3 reports the pairwise correlation matrix for the outcome, policy-group indices, and controls. RN
employment recovery is only weakly correlated with the policy indices: it is positively associated with Group
1 (Access & Affordability) (r = 0.2040), slightly negatively associated with Group 2 (Mandates) (r = -0.1146),
and essentially uncorrelated with Group 3 (Labor Mobility & Care Disruption) (r = 0.0223). The strongest
correlations occur among the policy indices themselves, particularly between Group 2 and Group 3 (r =
0.6398), suggesting meaningful overlap between mandates and labor mobility/care disruption-support
policy environments. Group 1 also covaries moderately with Group 3 (r = 0.3301) and with Group 2 (r =
0.2157).

Among controls, Group 2 is moderately correlated with unemployment (r = 0.5636), GDP per capita
($1,000s) (r = 0.5094), and housing prices (r = 0.3280), and Group 3 shows similar positive correlations
with unemployment (r = 0.4141), GDP per capita ($1,000s) (r = 0.4974), and housing prices (r = 0.3562).
Group 1 is positively correlated with GDP per capita ($1,000s) (r = 0.3123) and housing prices (r = 0.3239)
and negatively correlated with the Executives-to-RN pay ratio (r = -0.2292). Population age 65+ (%) is
negatively correlated with GDP per capita ($1,000s) (r = -0.3264) and housing prices (r = -0.2289). Overall,
the correlation structure indicates limited bivariate association between the outcome and the policy indices,
but notable inter-correlation across policy groups - especially between Groups 2 and 3 - highlighting the
importance of multivariable models and collinearity diagnostics in the regression analysis.
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Table 3. Correlation Matrix

Variable vl v2 v3 v4 v5 V6 v7 v8 v9 v10
RN employment recovery|1.000

(%) 0

G1: Access & Affordability 8'204 (1).000

G2: Public Health Mandates [0.114 0.2151.000

G3: Labor/Care 0.022 |0.330 |0.639 |1.000

Executives-to-RN pay ratio [0.067 |0.229 0.12010.246 \1.000

0.099 |0.195 |0.563 |0.414 1.000

Unemployment rate 0.001

GDP per capita ($1,0005) 0.119 |0.312 |0.509 |0.497 |0.133 |0.157 |1.000

0.050 |0.323 |0.328 |0.356 0.000 |0.510 |1.000

0.096

Housing price index 1 9 0 ’ 0 4 . 0
Tax rate 1560201 0.395 0.334 |1 | 10085 0.186 [1.000
3 6 |3 s 7 o
7 0 3
Population age 65+ (%) |0.075 [0.185 [0.067 (0.132 |2-9°* 0.160 [0.326 [0.228 |3 020 |19

4 7 5 6 0 4 9

4.3 Model Diagnostics: Multicollinearity, Residuals, and Influence (VIF, Residual Plots, Cook’s
Distance)

To assess multicollinearity among the policy indices and control variables, variance inflation factors (VIFs)
were computed. As reported in Table 4, multicollinearity is modest: the mean VIF is 1.86, and the highest
VIF is 3.21 for the Group 2 (Public Health Mandates) index. All other predictors range between 1.23 and
2.24 (tolerances = 0.311). These values are well below conventional thresholds (e.g., 5 or 10), indicating
that multicollinearity is unlikely to materially affect coefficient stability or inference in the multivariable
models.

Table 4. Variance Inflation Factors (VIF)

Label Variable VIF Tolerance
Group 1: Access & Affordability (0-3) groupl_access 1.40 0.713
Group 2: Public Health Mandates (0-2) group2_mandates 3.21 0.311
Group 3: Labor/Care (0-4) group3_context 2.24 0.446
GDP per capita ($1,000s) Gdp_k 2.16 0.462
unemployment_rate unemployment_rate 211 0.474
housing_price housing_price 1.59 0.631
tax_rate tax_rate 1.53 0.652
pay_ratio pay_ratio 1.28 0.781
pct_65plus pct_65plus 1.23 0.813

Note. Mean VIF = 1.86.
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Figures 4 and 5 evaluate the distribution of residuals from the baseline GLM specification (Gaussian family
with identity link; Model D). The residual histogram is approximately symmetric and centered near zero,
indicating no systematic deviation in the conditional mean specification. The Q—Q plot shows that residuals
closely follow the theoretical normal reference line over the central range, suggesting that model fit is
adequate for the bulk of observations.Deviations from normality are concentrated in the tails, particularly
the upper talil, indicating a small number of jurisdictions with larger-than-predicted positive residuals in RN
employment recovery. Given the relatively small cross-sectional sample (N = 51), mild tail deviations are
expected in state-level data and do not necessarily indicate misspecification.

To ensure robustness to heteroskedasticity and tail behavior, all GLM estimates are reported with Huber—

White robust standard errors. In addition, influence diagnostics are conducted to assess whether a small
number of jurisdictions disproportionately affect results.

Normal Q-Q plot (Model D) Residual histogram (Model D)

0 d
Inverse Normal Residuals

Figure 4. Normal Q-Q plot (Model D). Figure 5. Residual histogram (Model D).

To evaluate influential observations, leverage values, studentized residuals, and Cook’s distance are
computed using an auxiliary OLS version of Model D. This OLS specification is used solely for diagnostic
purposes, as influence measures are not directly defined within the GLM framework.

Following standard reference thresholds, observations are flagged if Cook’s distance exceeds 4/N (0.078)
or leverage exceeds 2p/N (0.392), where N =51 and p = 10 (including the intercept and covariates). A small
number of jurisdictions exhibit moderately elevated influence. Hawaii has the largest Cook’s distance and
a studentized residual exceeding 2 in absolute value, indicating that it is both an outcome outlier and
moderately influential in model fit. Alaska, Delaware, and New Mexico also exceed the Cook’s distance
threshold, although with smaller magnitudes. Utah exhibits high leverage but relatively low Cook’s distance,
suggesting it is unusual in covariate space but does not meaningfully influence coefficient estimates.
Importantly, all Cook’s distance values remain well below conventional high-influence benchmarks (e.g.,
values near or above 1), indicating that no single jurisdiction dominates the results.
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Influence diagnostics (Model D)
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Figure 6. Influence diagnostics for the baseline OLS specification (Model D).

Note. The figure plots Cook’s distance against leverage for each jurisdiction. Reference lines indicate
common diagnostic thresholds for Cook’s distance and leverage. States above these reference lines may
be moderately influential, but no single observation appears to dominate the regression results.

In sum, the descriptive and diagnostic evidence indicates substantial cross-state variation in RN
employment recovery and in structural state characteristics, including economic conditions, demographic
composition, and policy environments. Raw comparisons suggest that Group 1 (Access & Affordability) is
associated with higher average recovery, while Group 2 (Mandates) is associated with weaker recovery,
and Group 3 shows no clear monotonic pattern. However, these patterns are descriptive and potentially
confounded by cross-state differences in underlying conditions.

Correlation analysis shows weak bivariate associations between the outcome and policy indices, and VIF
values indicate no serious multicollinearity concerns. Residual diagnostics suggest generally adequate
model fit with mild tail deviations, and influence diagnostics identify a small number of moderately influential
observations without evidence of a dominant jurisdiction.

Taken together, these results motivate the multivariable framework. The next section reports GLM
estimates (Gaussian family, identity link) for Models A-D, along with OLS robustness checks, where RN
employment recovery is regressed on the three policy-group indices and a set of state-level controls using
heteroskedasticity-robust standard errors.
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4.4 Regression Analysis

4.4.1 GLM Regression Results
Table 5. GLM Regression Results

1) ) ®3) 4
VARIABLES Model A Model B Model C Model D
Group 1: Access & Affordability 1.113 0.914
(0.733) (0.737)
Group 2: Public Health Mandates -2.162* -2.025
(1.263) (1.408)
Group 3: Labor/Care 0.067 0.130

(0.539) (0.604)

Executives-to-RN pay ratio -0.336 -0.522 -0.936 -0.189
(1.427) (1.491) (1.484) (1.474)
Unemployment rate 0.229 1.643 0.373 1.326

(0.768) (1.015) (0.870) (1.030)

GDP per capita ($1,000s) 0.033 0.118* 0.050 0.093
(0.061) (0.069) (0.069) (0.070)
Housing price index -0.001 0.002 0.000 0.001
(0.006) (0.006) (0.006) (0.006)
Tax burden -37.608* -9.058 -33.066 -16.847
(21.278) (22.637) (24.286) (23.010)
Population age 65+ (%) -0.432 8.939 -2.966 9.622
(26.427) (26.042) | (27.052) | (25.702)
Constant -0.544 -12.363 0.710 -11.115

(10.094)  |(10.831) |(10.915) | (11.140)

Observations 51 51 51 51

Note. Entries are coefficients from generalized linear models with a Gaussian family and identity link. The
dependent variable is percentage change in RN employment. Huber—White robust standard errors are
reported in parentheses. Model A includes Group 1; Model B includes Group 2; Model C includes Group 3;
Model D includes all three policy-group indices simultaneously. Inflation is omitted because it is constant
across jurisdictions in the cross-sectional sample. *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 5 presents generalized linear model (GLM) estimates of RN employment recovery using a Gaussian
family with an identity link. The dependent variable is the percentage change in RN employment across 51
jurisdictions. Models A—-C estimate each policy group separately, while Model D includes all three policy-
group indices simultaneously with state-level economic and demographic controls. All models report
Huber-White robust standard errors.
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Across specifications, the most consistent pattern is observed for Group 2 (Public Health Mandates). In the
bivariate specification (Model B), the Group 2 index is negatively associated with RN employment recovery
(B =-2.162, SE = 1.263, p = 0.087). In the fully specified model (Model D), the magnitude remains similar
(B = -2.025, SE = 1.408), although the estimate becomes less precise and is not statistically significant at
conventional levels. This suggests a stable negative directional relationship, but limited statistical precision
in the cross-sectional setting.

The Group 1 (Access & Affordability) index is positively associated with RN employment recovery across
specifications, though estimates are imprecise. In Model A, a one-unit increase in the index corresponds to
a 1.11 percentage point increase in RN employment growth (B = 1.113, SE = 0.733). The effect remains
positive in the fullmodel (B = 0.914, SE = 0.737), indicating robustness in sign but not statistical significance.
In contrast, the Group 3 (Labor Mobility & Care Disruption) index shows no meaningful association with RN
employment recovery in any specification (Model C: B = 0.067, SE = 0.539; Model D: 3 = 0.130, SE =
0.604). The estimates are close to zero and statistically insignificant, suggesting no detectable net effect at
the state level in this aggregate specification.

Overall, the GLM results indicate (i) a negative association for mandate-intensive policy environments, (ii)
a positive but statistically imprecise association for access and affordability policies, and (iii) no meaningful
association for labor mobility and care disruption policies. Importantly, none of the policy-group coefficients
in the full model reach conventional significance levels; therefore, the results should be interpreted as
directional evidence rather than causal estimates.

Control variables do not show strong or stable explanatory power across specifications. The executives-to-
RN pay ratio is not statistically significant in any model. Unemployment and GDP per capita are positive
but imprecisely estimated, suggesting broad macroeconomic differences across states rather than
systematic structural effects. The Tax burden variable is negative in simpler specifications and approaches
marginal significance in Model A, but this relationship weakens in the full model. Housing prices and the
share of population aged 65+ remain small and statistically insignificant across all models.

In sum, once policy indices are included, state-level controls do not exhibit robust predictive power for RN
employment recovery in this cross-sectional framework. The most consistent empirical patterns are the
negative association for Group 2 and weak, imprecise associations for Groups 1 and 3, but these results
should be interpreted cautiously given the limited sample size and cross-state heterogeneity.

4.4.2 GLM Predicted Values

Figures 7-9 plot adjusted predictions from the full GLM specification (Model D), holding all other covariates
at their sample means. The three figures correspond to Group 1 (Access & Affordability), Group 2 (Public
Health Mandates), and Group 3 (Labor Mobility & Care Disruption). Presenting adjusted predictions in this
way complements the coefficient tables by showing the implied level differences in a more intuitive form.
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Predicted RN employment change by Group 1 index

Predicted RN employment change (%)
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Figure 7. Predicted RN employment change by Group 1 (Access & Affordability) index.
Note. Predictions are based on Model D (Table 5), holding all covariates at sample means. Vertical bars
represent 95% confidence intervals.

Figure 7 shows a generally increasing pattern in predicted RN employment recovery as the Group 1 index
rises. The adjusted predictions move from negative values at low index levels to positive values at higher
levels, indicating a modest upward gradient. This pattern is consistent with the positive coefficient estimates
for Group 1 in Table 5. However, the confidence intervals are wide and overlap zero across much of the
distribution, suggesting that the estimated differences are not statistically precise.

Predicted RN employment change by Group 2 index

Predicted RN employment change (%)
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Figure 8. Predicted RN employment change by Group 2 (Public Health Mandates) index.
Note. Predictions are based on Model D (Table 5), holding all covariates at sample means. Vertical bars
represent 95% confidence intervals.

Figure 8 displays a downward pattern in predicted RN employment recovery as the Group 2 index
increases. Higher levels of mandate intensity are associated with lower predicted RN employment change,
consistent with the negative coefficient on Group 2 in Table 5. As with Group 1, however, the confidence
intervals are relatively wide, indicating substantial uncertainty around the predicted differences.
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Predicted RN employment change by Group 3 index
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Figure 9. Predicted RN employment change by Group 3 (Labor Mobility & Care Disruption) index.
Note. Predictions are based on Model D (Table 5), holding all covariates at sample means. Vertical bars
represent 95% confidence intervals.

Figure 9 shows limited variation in predicted RN employment recovery across the observed range of the
Group 3 index. The predicted values change only slightly as the index increases, and the confidence
intervals overlap substantially at all levels. This is consistent with the near-zero coefficient estimates for
Group 3 reported in Table 5, indicating little detectable net association in the aggregate specification.

Taken together, Figures 7-9 reinforce the regression results from Table 5. Group 1 exhibits a weak positive
gradient, Group 2 shows a weak negative gradient, and Group 3 displays no meaningful variation in
predicted outcomes. However, the wide confidence intervals across all three figures suggest that these
patterns should be interpreted as directional relationships rather than precise estimates of policy effects.

4.4.3 Robustness Checks

To assess the robustness of the baseline findings, we conduct a series of specification checks examining
sensitivity to alternative estimators and control variable definitions, as well as potential confounding from
pre-existing differences in employment scale. The baseline model is estimated using a GLM with a
Gaussian family and identity link (Table 5), while the primary robustness specification is an OLS model with
Huber—White robust standard errors. Additional GLM specifications are used as sensitivity checks,
including (i) replacement of the Tax burden measure with the 2021 tax variable and (ii) inclusion of lagged
total employment.

Table 6 reports results across these specifications. The OLS baseline results serve as the primary

robustness benchmark and confirm the baseline GLM findings. Across all models, the estimated coefficients
on the three policy-group indices remain stable in sign, magnitude, and interpretation.
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Table 6. Main Results and Robustness Checks (Model D Only)

Variable OLS Base GLM Tax (2021) GLM Lagged Emp OLS Lagged Emp
Group 1: Access & Affordability (0.914 0.926 0.875 0.875
(0.814)  (0.743) (0.720) (0.805)
Group 2: Public Health Mandates|-2.025 -1.997 -2.028 -2.028
(1.555) (1.324) (1.403) (1.569)
Group 3: Labor/Care 0.130 0.282 0.118 0.118
(0.667)  (0.669) (0.607) (0.678)
Executives-to-RN pay ratio -0.189 -0.175 -0.050 -0.050
(1.628)  (1.513) (1.439) (1.609)
Unemployment rate 1.326 1.359 1.418 1.418
(1.137)  (1.015) (1.019) (1.139)
GDP per capita ($1,000s) 0.093 0.108 0.092 0.092
(0.077)  (0.068) (0.071) (0.079)
Housing price index 0.001 0.000 0.001 0.001
(0.007)  (0.007) (0.006) (0.007)
Tax burden -16.847  -0.445 -15.531 -15.531
(25.410) (0.463) (23.725) (26.525)
Population age 65+ (%) 9.622 16.409 7.922 7.922
(28.383) (26.325) (26.458) (29.581)
Log lagged employment — — -0.221 -0.221
(0.615) (0.687)
Constant -11.115 -10.181 -8.962 -8.962
(12.302) (11.744) (13.687) (15.303)
Observations 51 50 51 51
R-squared 0.149 — — 0.151

Note: Coefficients reported with standard errors in parentheses. * p<0.10, ** p<0.05, *** p<0.01.
Specifically, Group 1 (Access & Affordability) remains positive across all specifications, ranging from 0.875
to 0.926. Group 2 (Public Health Mandates) remains consistently negative, ranging from approximately
—-1.997 to —2.028. Group 3 (Labor Mobility and Care Disruption) remains close to zero and statistically weak
across all specifications.

The GLM sensitivity checks show that substituting the alternative 2021 tax-burden measure produces
nearly identical estimates relative to the baseline specification, indicating that the results are not driven by
the choice of fiscal control variable. Similarly, the inclusion of lagged employment produces minimal
changes in the estimated coefficients, and the lagged employment variable itself is negative but statistically
insignificant, suggesting that pre-existing employment scale does not materially affect short-run RN
employment growth.

Across all specifications, model fit remains stable, with R-squared values ranging from 0.149 to 0.151.
Overall, the robustness results confirm that the main findings are not sensitive to estimator choice (OLS vs
GLM), alternative control variable definitions, or baseline employment scale adjustments. However, given
the relatively small cross-sectional sample of 51 jurisdictions, the results should be interpreted as directional
rather than strictly causal.

5. DISCUSSION OF MAIN RESULTS

This study examines whether bundles of state-level COVID-19 policies adopted in 2021 are associated with
registered nurse (RN) employment recovery from 2021 to 2022. Rather than estimating isolated policy
effects, the analysis constructs three composite indices—Access & Affordability (Group 1), Public Health
Mandates (Group 2), and Labor Mobility & Care Disruption (Group 3)—to reflect the bundled nature of state
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policy responses during the pandemic. This approach provides a parsimonious framework for analyzing
multi-dimensional policy environments in a small cross-section of U.S. states.

Across the baseline GLM specification and a series of robustness checks, three consistent patterns
emerge. First, the Access & Affordability index is positively associated with RN employment recovery across
all specifications. The magnitude is economically meaningful, suggesting that additional access-oriented
policies are associated with roughly one percentage point higher RN employment growth, although
estimates are imprecisely estimated with wide confidence intervals. This pattern is consistent with a
continuity-of-care interpretation, whereby policies such as telehealth expansion and reduced cost barriers
may support service utilization and stabilize healthcare labor demand during the recovery period.

Second, the Public Health Mandates index is consistently negatively associated with RN employment
recovery, with effect sizes centered around approximately —2 percentage points per additional mandate.
However, this relationship should not be interpreted as a direct causal effect of mandates on employment
outcomes. A more plausible interpretation is policy endogeneity: states experiencing more severe
pandemic conditions may have simultaneously adopted more stringent public health mandates and
experienced weaker subsequent employment recovery. Under this interpretation, the coefficient reflects
underlying crisis severity and labor-market stress rather than a direct effect of policy restrictiveness.

Third, the Labor Mobility & Care Disruption index exhibits no systematic association with RN employment
recovery. Coefficients are small in magnitude and statistically indistinguishable from zero across all
specifications. This null result is consistent with offsetting mechanisms within the index: while policies such
as paid sick leave may improve labor-force attachment, school closures and caregiving disruptions may
reduce available nursing labor supply. The net effect may therefore be close to zero in aggregate
employment growth, even if important effects exist along other labor-market margins such as hours worked,
turnover, or burnout.

Overall, the results indicate that policy environment structure is associated with variation in RN employment
recovery, but the estimated relationships are modest in precision and should be interpreted as directional
rather than causal. The findings also highlight the limitations of short-horizon cross-sectional employment
growth as an outcome measure for capturing structural labor-market adjustment in healthcare systems.

5.1 Managerial Implications

Although the estimates are not causal, the directional patterns offer several practical implications for
hospital leaders, health-system managers, and state workforce planners. First, the positive sign on Access
& Affordability suggests that continuity-of-care mechanisms, such as telehealth capacity, medication
access, and reduced patient cost barriers, may help preserve service utilization and stabilize staffing needs
during major disruptions. Managers can therefore treat digital access, flexible care channels, and patient
affordability as part of workforce-resilience planning rather than as separate administrative functions.
Second, the negative association for mandate-intensive environments should not be interpreted as
evidence that mandates reduce RN employment. Because mandate adoption may reflect underlying
outbreak severity and operational stress, managers can instead view a high-intensity public-health
environment as a signal to activate contingency staffing, cross-training, retention efforts, and surge-capacity
planning. Third, the near-zero net relationship for the Labor Mobility & Care Disruption index suggests that
aggregate headcount can conceal offsetting workforce pressures. Health systems should therefore monitor
absenteeism, hours worked, turnover, vacancies, and caregiving constraints in addition to total RN
employment. Overall, the findings support flexible, locally adapted workforce strategies rather than reliance
on any single policy bundle.

5.2 Limitations and Contemporary Relevance

This study has several limitations. First, the cross-sectional sample contains only 51 jurisdictions, limiting
statistical power and contributing to wide confidence intervals. Second, policy adoption is likely endogenous
to pandemic severity, healthcare-system stress, political conditions, and pre-existing workforce
characteristics; accordingly, the estimates are associations rather than causal effects. Third, the analysis
cannot fully control for pre-pandemic nursing workforce conditions such as RN density, vacancy rates,
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hospital capacity, or local staffing shortages. The lagged-employment specification partially adjusts for
scale but does not capture all baseline differences in workforce tightness. Fourth, the additive policy indices
simplify heterogeneous policies and do not capture differences in timing, intensity, enforcement,
compliance, or the interaction among individual policies. Finally, the outcome measures net RN
employment change over a short horizon and may obscure turnover, vacancies, labor-force exit, migration,
changes in hours worked, and other adjustment margins that matter to healthcare organizations.

The findings should also be interpreted in light of the substantially different post-pandemic operating
environment. The federal COVID-19 public health emergency ended on May 11, 2023, and many
emergency flexibilities expired or were replaced by post-emergency rules (U.S. Department of Health and
Human Services, Office of Inspector General, 2023). Telehealth remains part of healthcare delivery, but
Medicare telehealth services are now managed through an evolving post-emergency policy framework
rather than the same emergency arrangements that applied in 2021 (Centers for Medicare & Medicaid
Services, 2026). At the same time, the RN labor market continues to face strong structural demand. The
U.S. Bureau of Labor Statistics reports about 3.39 million RN jobs in 2024 and projects 5% employment
growth from 2024 to 2034, with about 189,100 openings per year on average, many reflecting replacement
needs as workers leave the occupation or labor force (U.S. Bureau of Labor Statistics, 2025). These
changes mean that the associations estimated for 2021-2022 should not be interpreted as direct predictions
for current RN employment. Current workforce outcomes are increasingly shaped by longer-run
replacement needs, an aging population, chronic-care demand, compensation and staffing practices, and
the normalization of virtual care. The study is therefore best viewed as evidence about RN workforce
recovery under an exceptional policy environment, with implications for future shocks and emergency
preparedness rather than as a model of the current labor market.

6. CONCLUSION

This study provides descriptive evidence on the relationship between state-level COVID-19 policy bundles
and RN employment recovery during 2021-2022. Across the baseline GLM and robustness specifications,
Access & Affordability policies show a consistently positive but imprecise association with RN employment
growth, Public Health Mandates show a consistently negative but imprecise association, and Labor Mobility
& Care Disruption shows little net relationship. The results are directional rather than causal, but they
demonstrate the value of considering policy environments as bundles when examining healthcare
workforce recovery.

The practical contribution is similarly cautious. For healthcare managers and workforce planners, the results
emphasize continuity-of-care capacity, flexible workforce planning, and monitoring of staffing margins
beyond total headcount. Because the policy and labor-market environment has changed substantially since
2021, the findings are most useful for understanding workforce adjustment during a major disruption and
for informing preparedness for future shocks.

Future research could extend the analysis using multi-year panel data and stronger identification strategies,
such as difference-in-differences or event-study designs, and could incorporate richer workforce outcomes
including vacancy rates, wage adjustments, turnover, hours worked, staffing ratios, and interstate migration.
Such extensions would provide a more complete picture of how healthcare labor markets respond to policy
changes over time.
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ABSTRACT

This paper examines how bank social media marketing activities (SMMAs) shape customer-based brand
equity (CBBE). Using a quantitative cross-sectional design, structured guestionnaires measuring five
SMMA dimensions, brand experience, brand trust, and four CBBE dimensions were administered to 600
customers at the banking halls of all 23 licensed commercial banks in Ghana, yielding 534 (89.0%)
responses following systematic data cleaning. In stage 1 of the study, eWOM (8 = 0.709) and trendiness
(B = 0.501) were found to be the strongest predictors of brand experience, while customization (8 = 0.418)
was the dominant predictor of brand trust. In Stage 2, brand trust was a stronger predictor of brand
awareness (8 = 0.5630) and perceived quality (8 = 0.517) than brand experience, while brand experience
was the stronger predictor of brand loyalty (8 = 0.548) and both brand experience and brand trust mediated
16 of 20 tested paths.

Keywords: social media marketing, brand equity, brand experience, and brand trust.

1. INTRODUCTION

The rapid evolution of digital technologies has fundamentally reshaped how financial institutions interact
with their customers, with social media emerging as one of the most influential marketing communication
channels in the 21st century (Santini et al., 2020). Commercial banks, which operate in a highly competitive
and service-driven environment, have increasingly integrated social media platforms into their branding and
customer engagement strategies (Vives, 2019). Understanding how these activities contribute to customer-
based brand equity (CBBE) formation is of both academic and practical significance, particularly in
emerging economies where digital adoption continues to accelerate (Bruce et al., 2023).

Brand equity, defined as the differential value a brand confers upon a product or service, is widely
recognized as a critical intangible asset for banks (Keller, 1993). In the banking sector, where core service
offerings are largely undifferentiated, strong brand equity serves as a key source of competitive advantage,
influencing customer acquisition, retention, and long-term profitability (Nguyen, 2021). Customer-based
brand equity, as conceptualized by Keller (1993) and Aaker (1991), encompasses brand awareness, brand
associations, perceived quality, and brand loyalty, all of which can be shaped by a firm's marketing
communications (Tasci, 2020).

Social media marketing activities (SMMAS) have attracted growing scholarly attention as determinants of
brand equity across industries (Godey et al., 2016). Hafez (2021) found that SMMAs did not directly
influence brand equity in Bangladeshi banking but operated through brand love as a full mediator and brand
trust as a partial mediator. Garanti and Kissi (2019) demonstrated in Latvia that social media brand
personality traits contributed significantly to brand equity. These studies collectively establish that the social
media-brand equity relationship in banking is driven by affective and relational mechanisms rather than
direct exposure, but they also reveal that the specific mediating mechanisms differ substantially across
contexts.
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Despite this growing body of evidence, three gaps persist. First, empirical work on this relationship in
banking is concentrated in South Asian, Eastern European, and Southern African contexts, with no study
examining it specifically in West Africa or Ghana. Second, the pathways through which distinct SMMA
dimensions individually shape CBBE in a West African banking context remain untested. Third, the
sequential mediation model positioning brand experience and brand trust as organism-level states within
an S-O-R framework has not been applied to bank brand equity formation in sub-Saharan Africa. Ghana
presents a compelling setting: its 2017-2019 banking crisis, which resulted in the revocation of nine bank
licenses by the Bank of Ghana, fundamentally altered the institutional trust landscape, creating conditions
under which the mechanisms through which social media marketing builds brand equity may differ from
those observed in more stable banking environments.

This study argues that in post-crisis banking markets, social media brand equity formation depends less on
entertainment reach and more on trust-building signals such as content customization, peer validation, and
institutional credibility. Testing this argument, the study examines how SMMA dimensions shape CBBE
among customers of commercial banks in Ghana through the sequential mediation of brand experience
and brand trust. The findings contribute to S-O-R-based brand equity theory by demonstrating how post-
crisis institutional context conditions the relative importance of experiential versus trust-based mediating
mechanisms.

2. THEORETICAL FRAMEWORK AND HYPOTHESES DEVELOPMENT

2.1 The S-O-R Framework and the Study Model

This study is anchored in the Stimulus-Organism-Response (S-O-R) framework developed by Mehrabian
and Russell (1974), which proposes that external stimuli act upon an organism's internal states, which in
turn produce observable behavioral and evaluative responses (Hochreiter et al., 2023). The framework has
been extensively applied in social media marketing research to explain how brand-related stimuli
transmitted online influence consumer perceptions and brand outcomes (Koay et al., 2020).

The study model adopts a two-stage architecture. In Stage 1, the five SMMA dimensions act as stimuli that
influence brand experience and brand trust as organism-level states. Stage 1 also incorporates the
sequential path from brand experience to brand trust, consistent with evidence that brand experience is an
antecedent of trust-based brand evaluations (Moedeen et al., 2023). In Stage 2, brand experience and
brand trust jointly predict the four CBBE dimensions as response outcomes. This two-stage structure
cleanly separates the stimulus-to-organism pathways from the organism-to-response pathways, avoiding
the model overspecification that arises when direct 1V-to-DV paths are included alongside multiple
correlated mediators. Figure 1 presents the conceptual model.
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Figure 1. Conceptual Model: How Bank Social Media Activities Shape Brand Equity
Theoretical S-O-R Framework — Prior to Empirical Testing
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Figure 1. Conceptual Model: Bank Social Media Activities and Brand Equity (S-O-R Framework — Prior to
Testing)

Koay et al. (2020) applied this architecture to the SMMA-CBBE relationship and found that brand
experience mediates the stimulus-to-response pathway. Malarvizhi et al. (2022) used the same framework
to connect SMMA dimensions to brand awareness and brand loyalty. Chavadi et al. (2023) demonstrated
that social media brand community stimuli produce significant effects on all four CBBE dimensions through
organism-level processing in a banking-specific context.

2.2 SMMA Dimensions and Brand Experience (Hla-Hle)

Brand experience refers to the sensory, affective, behavioral, and intellectual responses evoked by brand-
related stimuli (Brakus et al., 2009). Koay et al. (2020) confirmed that perceived SMMAs produce significant
effects on brand experience. Hafez (2022a) found that brand experience fully mediates the SMMA-to-brand
equity relationship in Bangladeshi banking. Dananjoyo et al. (2025) identified interactivity, responsiveness,
and information quality as key SMMA determinants of brand experience. Therefore Hla: Entertainment
positively influences brand experience, H1lb: Interaction positively influences brand experience, Hlc:
Trendiness positively influences brand experience, H1ld: Customization positively influences brand
experience and Hle: eWOM positively influences brand experience.

2.3 SMMA Dimensions and Brand Trust (H2a-H2e)

Brand trust reflects customers' confidence in a brand's reliability, integrity, and benevolence (Morgan and
Hunt, 1994). Althuwaini (2022) found that customization, entertainment, and promotional social media
activities had the strongest effects on brand trust among Saudi Arabian bank customers. Hafez (2021)
positioned brand trust as a partial mediator in the SMMA-brand equity relationship in Bangladesh. Rico et
al. (2024) confirmed trust as the critical intermediary between social media dimensions and brand loyalty
in Colombian banking. Therefore H2a: Entertainment positively influences brand trust, H2b: Interaction
positively influences brand trust, H2c: Trendiness positively influences brand trust, H2d: Customization
positively influences brand trust and H2e: eWOM positively influences brand trust.
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2.4 Brand Experience and Brand Trust (H3)

Brand experience produces emotional and cognitive responses that shape relational brand perceptions,
including trust (Brakus et al., 2009). Hafez (2022a) confirmed that brand experience is an antecedent of
brand trust in the SMMA-bank brand equity model. Moedeen et al. (2023) found that brand experience
sequentially strengthens brand trust, which ultimately drives brand equity. Therefore H3: Brand experience
positively influences brand trust.

2.5 Mediating Roles of Brand Experience and Brand Trust (H4, H5)

The SMMA-brand equity relationship in banking operates primarily through affective and relational
mechanisms rather than through direct exposure (Hafez, 2021, 2022a). Brand experience mediates the
pathway to brand associations and perceived quality (Koay et al., 2020; Dananjoyo et al., 2025). Brand
trust mediates pathways to brand awareness, perceived quality, and brand loyalty (Althuwaini, 2022;
Elareshi et al., 2023; Rico et al., 2024). Therefore H4a-H4e: Brand experience mediates the relationship
between each SMMA dimension and each CBBE dimension and H5a-H5e: Brand trust mediates the
relationship between each SMMA dimension and each CBBE dimension.

3. METHODOLOGY

3.1 Research Design and Context

A quantitative cross-sectional survey design was adopted within a positivist philosophical tradition,
consistent with comparable banking-sector SMMA studies (Hafez, 2021; Althuwaini, 2022). The research
context is Ghana's commercial banking sector. Following the deregulation of the banking system in 2006,
which introduced a universal banking regime and intensified competitive pressures (Amoako et al., 2017),
Ghana's banks subsequently experienced a systemic crisis. Between 2017 and 2019, the Bank of Ghana
revoked the operating licenses of nine commercial banks due to capital adequacy failures and corporate
governance deficiencies. This episode fundamentally altered the trust landscape in Ghanaian banking and
provides the institutional backdrop that distinguishes the Ghanaian context from the South Asian and
European settings in which most prior SMMA-brand equity research was conducted. Ghana's rising
smartphone penetration and social media adoption rates (Mohammed and Donkoh, 2024) make it a timely
setting for this investigation.

3.2 Sample and Data Collection

The target population was customers of all 23 licensed commercial banks operating in Ghana at the time
of data collection, as listed in the Bank of Ghana's official register. A purposive criterion was applied: all
respondents were required to hold an active account at the selected bank and to actively follow their bank's
official social media account on at least one platform. This criterion was verified through a two-item screener
at the start of each questionnaire. Data were collected in person by trained research assistants who
administered structured questionnaires directly to customers at the banking halls and customer service
areas of all 23 banks, covering branches in Greater Accra, Ashanti, Western, Eastern, and Central regions
to ensure geographic coverage beyond Accra. Questionnaires were distributed proportionally based on
each bank's estimated average monthly customer footfall, which was obtained from branch managers prior
to fieldwork. Customer interception was systematic: every third customer entering the banking hall during
operating hours was approached. Of 600 questionnaires distributed over the period of March 2025 till
January 2026, questionnaires were cleaned for completeness, internal consistency, and straight-lining.
Sixty-six questionnaires were removed, yielding 534 usable responses and an 89.0% usable response rate.
A pilot test with 30 bank customers from two banks preceded the main fieldwork, leading to minor wording
adjustments in two items. The sample of 534 exceeds the minimum of 200 cases for structural equation
modeling (Hair et al., 2019) and satisfies the 10-observations-per-indicator rule for PLS-SEM (Kock and
Hadaya, 2018).

3.3 Measures

All items were adapted from validated scales. The five SMMA dimensions were measured using four items
each from Kim and Ko (2012). Brand experience was measured with nine items from Brakus et al. (2009)
and Hafez (2022a), covering sensory, affective, behavioral, and intellectual dimensions. Brand trust was
measured with eight items adapted from Morgan and Hunt (1994) and Althuwaini (2022). The four CBBE

53



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

dimensions were measured using items from Aaker (1991) and Yoo et al. (2000): brand awareness (three
items), brand associations (two items), perceived quality (four items), and brand loyalty (five items). All
items were rated on a five-point Likert scale (1 = strongly disagree to 5 = strongly agree). CBBE is reported
as four reflective first-order dimensions rather than a single composite score, consistent with the Keller
(1993) and Aaker (1991) conceptualization used in prior banking-sector SMMA studies (Hafez, 2021;
Garanti and Kissi, 2019).

3.4 Analytical Approach

The measurement model was assessed for reliability (Cronbach's alpha, CR), convergent validity (AVE),
and discriminant validity using HTMT ratios with bootstrapped 95% confidence intervals (5,000 resamples;
Henseler et al., 2015). Outer loadings were inspected for all items to confirm item-level reliability above
0.70. The structural model was estimated in two stages consistent with the S-O-R architecture and the PLS-
SEM tradition (Hair et al., 2019): Stage 1 estimated paths from the five SMMA dimensions to brand
experience and brand trust (with brand experience included as a predictor of brand trust); Stage 2 estimated
paths from brand experience and brand trust to the four CBBE dimensions. This two-stage approach avoids
the model overspecification and suppression effects that arise from simultaneously including highly
correlated SMMA predictors alongside their mediators in a single equation predicting CBBE outcomes. Path
coefficients were derived from OLS regression on standardized variables (Rigdon, 2016). VIF was
computed for each stage separately; all Stage 1 VIF values fall below 4.7 and all Stage 2 VIF values equal
1.26, confirming no multicollinearity concern at either stage. Effect sizes were computed as Cohen's 2 and
predictive relevance was assessed via Q2 using ten-fold cross-validation. Mediation was assessed using
standardized product-of-coefficients indirect effects aligned with the two-stage path model, with significance
evaluated using 95% confidence intervals (Preacher and Hayes, 2008). Harman's single factor test
confirmed that common method bias is not a substantial concern (first factor = 42.7% of variance, below
the 50% threshold; Podsakoff et al., 2003). Non-response bias was assessed by comparing respondent
demographic profiles across the 23 bank locations and verifying that respondents from different branches
did not differ systematically on key demographic variables (Armstrong and Overton, 1977).

Al-assisted language editing disclosure: ChatGPT by OpenAl was used only for English language
correction, grammar refinement, and clarity improvement. No Al tool was used to generate the research
design, data, analysis, findings, interpretations, or conclusions. The authors reviewed all edits and remain
fully responsible for the final manuscript.

For the submission checkbox, you can safely confirm:

The manuscript was created by the author(s), not by an Al tool or Large Language Model. Al was used only
for English language correction and clarity refinement, and this use has been disclosed in the Methods and
Acknowledgements.

4. RESULTS

4.1 Descriptive Statistics
Descriptive statistics across the 11 constructs confirm suitable data properties for SEM analysis.

Descriptive statistics across the 11 constructs (N = 534) show that brand awareness returned the highest
mean (M = 4.101, SD = 0.869) and eWOM the lowest (M = 2.888, SD = 1.038). Skewness values fall
between —1 and +1 and kurtosis values remain within acceptable ranges, confirming that the data do not
severely violate parametric assumptions. ENT: M = 3.285, SD = 0.824; INT: M = 3.412, SD = 1.024; TRD:
M = 3.496, SD = 0.807; CUS: M = 3.066, SD = 0.800; BEX: M = 3.228, SD =0.738; BTR: M =3.611, SD =
0.911; BAS: M = 3.550, SD = 0.891; PQ: M = 3.549, SD = 0.858; BLO: M = 3.325, SD = 0.936. All items
were rated on a five-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree).

4.2 Measurement Model

Reliability and convergent validity indices are reported below. All outer loadings exceed 0.70, ranging from
0.780 to 0.942, confirming item-level reliability. Cronbach's alpha values range from 0.796 to 0.966, all
exceeding 0.70 (Nunnally, 1978). CR values range from 0.902 to 0.966. AVE values range from 0.675 to
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0.877, all exceeding 0.50, confirming convergent validity (Fornell and Larcker, 1981). Each construct's
square root of AVE exceeds its highest inter-construct correlation, providing additional convergent validity
support.

Construct-level reliability and convergent validity are strong throughout. Outer loadings for all indicators
range from 0.780 to 0.942, all exceeding the 0.70 threshold. Cronbach’s alpha ranges from 0.796 (BAS) to
0.966 (eWOM). Composite reliability (CR) ranges from 0.902 to 0.966. AVE ranges from 0.675 (BEX) to
0.877 (eWOM), all above 0.50 (Fornell and Larcker, 1981). By construct: ENT (loadings 0.835-0.894, a =
0.885, CR =0.921, AVE =0.744); INT (0.918-0.934, 0.947, 0.962, 0.862); TRD (0.826—0.894, 0.895, 0.927,
0.762); CUS (0.808-0.851, 0.854, 0.902, 0.698); eWOM (0.930-0.942, 0.953, 0.966, 0.877); BEX (0.780—
0.860, 0.940, 0.949, 0.675); BTR (0.834-0.895, 0.949, 0.957, 0.736); BAW (0.865—0.894, 0.852, 0.911,
0.773); BAS (0.911-0.911, 0.796, 0.907, 0.831); PQ (0.877-0.902, 0.914, 0.940, 0.797); BLO (0.838—
0.917, 0.938, 0.953, 0.802). Each construct’s square root of AVE exceeds its highest inter-construct
correlation, providing additional convergent validity support.

The inter-construct correlation matrix and the full HTMT matrix (Table 4) provide the basis for assessing
discriminant validity. Of 55 construct pairs, 53 return HTMT ratios below the 0.85 threshold, confirming
discriminant validity (Henseler et al., 2015). Two pairs marginally exceed the threshold: BAS-PQ (0.891)
and PQ-BLO (0.878). Bootstrapped 95% confidence intervals (5,000 resamples) were computed for both
pairs. Both intervals exclude 1.0: BAS-PQ [0.851, 0.931] and PQ-BLO [0.848, 0.907], confirming that these
constructs, while theoretically proximate within the CBBE framework (Tasci, 2020), remain empirically
distinguishable.

The inter-construct correlation matrix (lower triangle, Pearson r) shows that all bivariate correlations
between the SMMA dimensions and the mediators are positive, ranging from r = 0.065 (CUS-BEX) to r =
0.796 (eWOM-BEX). The highest inter-predictor correlation is TRD-ENT (r = 0.625), and the highest
mediator—outcome correlation is eWOM-BLO (r = 0.758). The full matrix confirms that no bivariate
correlation is so high as to suggest construct redundancy among the SMMA dimensions prior to
simultaneous regression.

The full HTMT matrix (55 construct pairs) confirms discriminant validity throughout the model. Of 55 pairs,
53 return HTMT ratios below 0.85 (Henseler et al., 2015). Selected values illustrating the dimensional
structure: ENT—INT = 0.457, ENT-TRD = 0.703, ENT-CUS = 0.211, ENT-eWOM = 0.587, INT-TRD =
0.618, INT-CUS =0.558, TRD—-CUS =0.439, BEX-BTR =0.478, BEX—-eWOM = 0.842, BTR-BAW = 0.640.
The two pairs that marginally exceed 0.85 are BAS—PQ (HTMT = 0.891, 95% ClI [0.851, 0.931]) and PQ-
BLO (HTMT = 0.878, 95% CI [0.848, 0.907]). Both bootstrapped confidence intervals exclude 1.0,
confirming that these theoretically proximate CBBE constructs remain empirically distinguishable (Tasci,
2020).

Harman's single factor test returned a first factor explaining 42.7% of total variance, below the 50%
threshold, indicating that common method bias does not substantially confound the estimates (Podsakoff
et al., 2003). Demographic comparisons across the 23 bank locations revealed no systematic respondent
profile differences, supporting the absence of non-response bias (Armstrong and Overton, 1977).

4.3 Stage 1 Results: SMMA Dimensions to Mediators

Stage 1 path coefficients and VIF values (all below 5.0; Hair et al., 2019) are reported below. The SMMA
dimensions collectively explain 78.7% of the variance in brand experience (R2 = 0.787, Q2 = 0.781) and
49.2% of the variance in brand trust when brand experience is included (R? = 0.492, Q2 = 0.482). These
are substantial explanatory effects.

eWOM is the strongest predictor of brand experience (f = 0.709, p < 0.001), followed by trendiness (§ =
0.501, p < 0.001). These two dimensions carry large effect sizes (f2 = 1.630 and 0.562 respectively).
Customization is the strongest direct predictor of brand trust (3 = 0.418, p < 0.001; f2 = 0.213). The path
from brand experience to brand trust is positive and significant (B = 0.400, p < 0.001), confirming H3.
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Three paths in Stage 1 carry negative standardized coefficients: ENT—BEX (B = -0.106), CUS—BEX (B =
-0.223), and eWOM—BTR (B = -0.209). These are statistical suppression effects arising from the inter-
correlation structure of the SMMA predictors (for example, eWOM and trendiness correlate at r = 0.398,
and trendiness and entertainment at r = 0.625). When all five SMMA dimensions are included
simultaneously, each coefficient reflects the unique contribution of that predictor after removing variance
shared with all other predictors. The bivariate correlations between all five SMMA dimensions and brand
experience are positive (ranging from r = 0.329 to r = 0.796), as are the bivariate correlations with brand
trust (ranging from r = 0.180 to r = 0.596), confirming that the negative partial coefficients do not represent
genuine inverse relationships. This pattern is consistent with suppression effects in simultaneous
regression models with correlated predictors and is therefore interpreted cautiously.

Table 5

Stage 1 path coefficients (all standardized) confirm the findings described above. For the BEX equation:
ENT (8 =-0.106, SE = 0.028, t = -3.719, p = 0.0002), INT (B = -0.038, SE = 0.027, t = -1.433, p = 0.1524,
ns), TRD (B = +0.501, SE = 0.029, t = 17.228, p < 0.001), CUS (B = —0.223, SE = 0.024, t = -9.428, p <
0.001), eWOM (B = +0.709, SE = 0.024, t = 29.334, p < 0.001). For the BTR equation: BEX (8 = +0.400,
SE =0.067, t = 5.962, p < 0.001), ENT (B = +0.155, SE = 0.044, t = 3.487, p = 0.0005), INT (B = —0.005,
SE =0.041,t=-0.110, p = 0.9128, ns), TRD (B = +0.180, SE = 0.056, t = 3.206, p = 0.0014), CUS (B =
+0.418, SE = 0.039, t = 10.587, p < 0.001), eWOM (B = —0.209, SE = 0.060, t = -3.454, p = 0.0006). VIF
range: 1.385 to 4.684 throughout Stage 1. Negative coefficients for ENT—-BEX, CUS—BEX, and
eWOM—BTR reflect statistical suppression; all bivariate correlations between SMMA dimensions and both
mediators are positive.

4.4 Stage 2 Results: Mediators to CBBE Dimensions
Stage 2 path coefficients are reported below. VIF values are 1.259 for both constructs, confirming the
absence of multicollinearity. Figure 2 displays the full tested model.

Brand trust is the stronger predictor of brand awareness (B = 0.530, p < 0.001) and perceived quality ( =
0.517, p < 0.001). Brand experience is the stronger predictor of brand loyalty (8 = 0.548, p < 0.001). Both
mediators contribute significantly to brand associations (BEX: 3 = 0.283; BTR: § = 0.381, both p < 0.001).
These patterns confirm that brand trust and brand experience are not redundant: trust builds the awareness
and quality perceptions that anchor cognitive brand equity, while experience drives the behavioral
commitment that produces loyalty. All Stage 2 coefficients are positive and significant.

Model fit and effect size statistics are reported below, following the Stage 2 path coefficients.

Table 6

Stage 2 path coefficients (all standardized, VIF = 1.259 for both predictors) are positive and significant
throughout. BEX—BAW (8 = +0.105, SE = 0.039, t = 2.672, p = 0.0078), BTR—BAW (B = +0.530, SE =
0.039, t = 13.450, p < 0.001), BEX—BAS (B = +0.283, SE = 0.040, t =7.072, p < 0.001), BTR—-BAS (B =
+0.381, SE = 0.040, t = 9.514, p < 0.001), BEX—PQ (B = +0.270, SE = 0.036, t = 7.605, p < 0.001),
BTR—PQ (B =+0.517, SE = 0.036, t = 14.567, p < 0.001), BEX—BLO (B = +0.548, SE = 0.034, t = 16.134,
p <0.001), BTR—BLO (8 = +0.277, SE = 0.034, t = 8.151, p < 0.001). Brand trust is the stronger predictor
of brand awareness and perceived quality; brand experience is the stronger predictor of brand loyalty. Both
mediators contribute significantly to brand associations.

R2 and model fit indices for all six endogenous constructs confirm moderate to substantial explanatory
power throughout the model. Brand experience yields the highest R2 (0.787, classified as substantial) and
the highest predictive relevance (Q2 = 0.781). Brand loyalty returns R2 = 0.513 and Q2 = 0.507. The
remaining CBBE outcomes (brand awareness R? = 0.343; brand associations R? = 0.323; perceived quality
R2 = 0.467) fall in the moderate range. Brand trust returns R2 = 0.492 and Q2 = 0.482. Q2 exceeds zero for
all constructs, confirming predictive relevance throughout the model. The largest effect sizes are eWOM on
brand experience (f2 = 1.630) and BEX on brand loyalty (f2 = 0.382), both classified as large per Cohen
(1988). CUS on brand trust yields a medium effect (f2 = 0.213); BTR on brand awareness and perceived
quality yield medium effects (f2 = 0.154 and 0.292 respectively).
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Figure 2. Tested Structural Path Model with Standardized Path Coefficients (N = 534)
S-0-R Framework — Bank Social Media Activities and Brand Equity, Ghana
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Figure 2. Tested Structural Path Model with Standardized Path Coefficients (N = 534). Stage 1: SMMA
dimensions — BEX and BTR. Stage 2: BEX and BTR — CBBE dimensions. All Stage 2 paths are positive
and significant. *** p < 0.001, ** p < 0.01, * p < 0.05.

4.5 Mediation Analysis

Table 1 presents the complete standardized indirect effects for all 40 mediated paths (5 SMMA dimensions
x 2 mediators x 4 CBBE dimensions), computed from the current two-stage model. Of 40 paths, 32 are
statistically significant at the 95% confidence level. Brand experience mediates 16 of 20 tested SMMA-to-
CBBE paths, and brand trust mediates 16 of 20 tested SMMA-to-CBBE paths. The eight non-significant
paths involve interaction through both mediators. Negative indirect effects are interpreted cautiously as
inverse partial effects arising from the same suppression pattern identified in Stage 1.

The strongest significant indirect effects are eWOM—BEX—BLO (0.389), TRD—BEX—BLO (0.275),
CUS—BTR—BAW (0.222), and CUS—BTR—PQ (0.216). These results confirm that eWOM and
trendiness build brand equity mainly through experiential mechanisms, while customization builds brand
equity mainly through trust-based mechanisms. Interaction does not produce significant indirect effects
through either mediator in the current two-stage model.
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Table
Complete Standardized Indirect Effects: All 40 Mediated Paths

ISSN: 1542-8710

Mediator Indirect B 95% CI Lower | 95% CI Upper | Significant

ENT BEX BAW -0.011 -0.021 -0.001 Yes***
ENT BEX BAS -0.030 -0.048 -0.012 Yes***
ENT BEX PQ -0.029 -0.045 -0.012 Yes***
ENT BEX BLO -0.058 -0.089 -0.027 Yes***
ENT BTR BAW +0.082 +0.035 +0.129 Yes***
ENT BTR BAS +0.059 +0.024 +0.094 Yes***
ENT BTR PQ +0.080 +0.034 +0.126 Yes***
ENT BTR BLO +0.043 +0.017 +0.069 Yes***
INT BEX BAW -0.004 -0.010 +0.002 No

INT BEX BAS -0.011 -0.026 +0.005 No

INT BEX PQ -0.010 -0.025 +0.004 No

INT BEX BLO -0.021 -0.050 +0.008 No

INT BTR BAW -0.003 -0.045 +0.040 No

INT BTR BAS -0.002 -0.033 +0.029 No

INT BTR PQ -0.003 -0.044 +0.039 No

INT BTR BLO -0.001 -0.024 +0.021 No

TRD BEX BAW +0.053 +0.014 +0.091 Yes***
TRD BEX BAS +0.142 +0.099 +0.184 Yes***
TRD BEX PQ +0.135 +0.097 +0.174 Yes***
TRD BEX BLO +0.275 +0.229 +0.320 Yes***
TRD BTR BAW +0.095 +0.036 +0.155 Yes***
TRD BTR BAS +0.069 +0.024 +0.113 Yes***
TRD BTR PQ +0.093 +0.035 +0.151 Yes***
TRD BTR BLO +0.050 +0.017 +0.083 Yes***
CuUs BEX BAW -0.023 -0.041 -0.006 Yes***
CuUs BEX BAS -0.063 -0.085 -0.041 Yes***
CuUs BEX PQ -0.060 -0.080 -0.040 Yes***
CuUs BEX BLO -0.122 -0.152 -0.092 Yes***
CuUs BTR BAW +0.222 +0.170 +0.273 Yes***
CuUs BTR BAS +0.159 +0.115 +0.203 Yes***
CuUs BTR PQ +0.216 +0.167 +0.265 Yes***
CuUs BTR BLO +0.116 +0.081 +0.151 Yes***
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Indirect B 95% CI Lower | 95% CI Upper | Significant
eWOM BEX BAW +0.074 +0.020 +0.129 Yes***
eWOM BEX BAS +0.201 +0.143 +0.258 Yes***
eWOM BEX PQ +0.191 +0.140 +0.243 Yes***
eWOM BEX BLO +0.389 +0.335 +0.442 Yest+
eWOM BTR BAW -0.111 -0.175 -0.046 Yes***
eWOM BTR BAS -0.080 -0.127 -0.032 Yes***
eWOM BTR PQ -0.108 -0.171 -0.045 Yes***
eWOM BTR BLO -0.058 -0.093 -0.022 Yes***

Note. Cl = 95% confidence interval for standardized product-of-coefficients indirect effects. Significance
confirmed when CI excludes zero. *** = p < 0.001 equivalent. ENT = Entertainment, INT = Interaction, TRD
=Trendiness, CUS = Customization. BAW = Brand Awareness, BAS = Brand Associations, PQ = Perceived
Quality, BLO = Brand Loyalty.

4.6 Hypotheses Summary

Table 2 consolidates all hypothesis testing outcomes. Three of the five SMMA-to-BEX paths carry
significant negative coefficients in Stage 1 (Hla and H1d not supported due to significant inverse partial
effects; H1b not supported). These are suppression effects as discussed in Section 4.3 and do not indicate
inverse theoretical relationships. Four of the five SMMA-to-BTR paths are statistically significant, although
H2e carries a negative partial coefficient and is therefore not supported as a positive hypothesis. H3
(BEX—BTR) is supported. H4 is partially supported (16/20 mediated paths via BEX significant). H5 is
partially supported (16/20 mediated paths via BTR significant).

Table 2
Hypotheses Testing Summar

Decision
ENT positively influences brand | Not supported (significant inverse
Hla experience 0.106 0.0002 partial effect; see Section 4.4)
H1b INT p_osmvely influences brand -0.038 0.1524 Not supported
experience
Hic TRD _posmvely influences brand +0.501 <0.001 Supported
experience
H1d Cus _posmvely influences brand -0.223 <0.001 Not_ supportgd (S|gn|f_|cant inverse
experience partial effect; see Section 4.4)
Hie eWOM pqsmvely influences +0.709 <0.001 Supported
brand experience
H2a ELIIIS'I; positively influences brand +0.155 0.0005 Supported
H2b {:\ll;t positively influences brand -0.005 0.9128 Not supported
Ho2e ;I;lFJeS[t) positively influences brand +0.180 0.0014 Supported
H2d tCn';Js? positively influences brand +0.418 <0.001 Supported

59



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

Decision

eWOM positively influences | Not supported (significant inverse
Hze brand trust 0.209 0.0006 partial effect; see Section 4.4)
H3 tBr)Eg positively influences brand +0.400 <0.001 Supported
H4a BEX mediates ENT—CBBE — Cl 4/4 paths significant inverse
H4b BEX mediates INT—-CBBE — Cl 0/4 paths significant
H4c BEX mediates TRD—CBBE — Cl 4/4 paths significant
Had BEX mediates CUS—CBBE — Cl 4/4 paths significant inverse
Hde BEX mediates eWOM—CBBE — Cl 4/4 paths significant
H5a BTR mediates ENT—CBBE — Cl 4/4 paths significant
H5b BTR mediates INT—-CBBE — Cl 0/4 paths significant
H5c¢ BTR mediates TRD—CBBE — Cl 4/4 paths significant
H5d BTR mediates CUS—CBBE — Cl 4/4 paths significant
H5e BTR mediates eWOM—CBBE — Cl 4/4 paths significant inverse

Note. Significant inverse partial effect = statistically significant relationship in the opposite direction to the
hypothesized positive relationship, interpreted cautiously as a suppression effect in simultaneous
regression. Not Supported = non-significant or significant in the opposite direction to the hypothesized
positive relationship. H4 and H5 mediation decisions are based on 95% confidence intervals for indirect
effects.

5. DISCUSSION

5.1 The Post-Crisis Banking Context and the Centrality of Trust

The most important finding of this study is not a statistical result alone but a contextual one: in Ghana's
post-banking-crisis environment, brand trust emerged as a consistent mediating mechanism for most
SMMA-to-CBBE paths, while brand experience also carried several significant indirect effects. Both
mediators account for 16 significant indirect paths each in the current two-stage model. This pattern
differentiates Ghana from the Bangladesh context where trust was only a partial mediator (Hafez, 2021)
and from Latvia where brand equity, not trust, was the mediating construct (Garanti and Kissi, 2019).

The explanation lies in the institutional context. Following the Bank of Ghana's revocation of nine bank
licenses between 2017 and 2019, Ghanaian banking customers became substantially more sensitive to
institutional credibility signals when evaluating bank brands. Social media platforms, which serve
simultaneously as marketing channels and as informal information verification channels for financial
consumers in Ghana (Mohammed and Donkoh, 2024), are evaluated by customers primarily through a trust
filter. Every category of social media content, whether entertaining, informative, or peer-recommended, is
processed as a potential signal about the bank's reliability and institutional soundness before it translates
into brand equity. This is why trust mediates consistently across all SMMA dimensions, while experience
mediates selectively depending on the content type. The practical and theoretical implication is direct: in
post-crisis banking markets, social media brand equity formation depends less on entertainment reach and
more on trust-building signals. This finding extends S-O-R-based brand equity theory by demonstrating that
the organism-level state that dominates the stimulus-to-response pathway is context-contingent, not fixed.

5.2 eWOM and Trendiness: Experience-Building Dimensions

eWOM (B = 0.709) and trendiness (B = 0.501) are the dominant drivers of brand experience in Stage 1.
eWOM's large effect size (f2 = 1.630) is the highest in the model. The indirect effect of eWOM on brand
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loyalty through brand experience (0.389) is the strongest BEX-mediated pathway, followed by
eWOM—BEX—BAS (0.201) and eWOM—BEX—PQ (0.191). This is consistent with Zollo et al. (2020), who
identified social integrative benefits as the strongest mediators between SMMAs and brand equity, and with
Dananjoyo et al. (2025), who found interactivity and responsiveness to be the key SMMA determinants of
brand experience. When Ghanaian bank customers encounter content they find worth sharing, the act of
sharing and engaging deepens their sensory and cognitive brand engagement, which in turn builds
perceived quality, associations, and loyalty through the BEX pathway.

The indirect effects of trendiness through brand trust are positive and significant across all four CBBE
dimensions, confirming that trendy bank content can also signal that the bank is active, relevant, and
community-embedded. eWOM, however, carries significant negative partial indirect effects through brand
trust because the eWOM—BTR coefficient is negative after brand experience and other SMMA dimensions
are controlled. This result should be interpreted as a suppression effect rather than as evidence that peer
validation damages trust. Bank social media managers should therefore invest in content that is genuinely
shareable and topically current, but should evaluate eWOM mainly as an experience-building mechanism
in this model.

5.3 Customization: The Trust-Only Dimension

Customization is the strongest direct predictor of brand trust (B = 0.418; f2 = 0.213) and operates mainly
through the BTR pathway in mediation. All four CUS—BTR indirect effects are positive and significant, while
the four CUS—BEX indirect effects are significant but negative because the Stage 1 CUS—BEX coefficient
is negative after shared variance with other SMMA dimensions is controlled. This dimension-specific pattern
suggests that personalized, contextually relevant social media content signals to Ghanaian bank customers
that the institution understands and attends to their individual financial circumstances. In a post-crisis
market where customer skepticism about bank intentions is elevated, this signal of customer-centricity
translates directly into perceived reliability and benevolence, the core components of brand trust (Morgan
and Hunt, 1994), before it reaches brand equity. Bank managers should invest in the data infrastructure
needed to deliver segmented and personalized social media content because this is the dimension with the
clearest positive pathway to brand trust-mediated brand equity.

5.4 Brand Experience and Brand Trust as Distinct Organism-Level States

The Stage 2 results confirm that brand experience and brand trust are not substitutable organism-level
states. Brand trust is the stronger predictor of brand awareness and perceived quality, while brand
experience is the stronger predictor of brand loyalty. This functional differentiation has theoretical and
practical significance. Brand awareness and perceived quality are primarily cognitive evaluations: they
reflect whether a customer recognizes and positively judges the bank's brand. These cognitive evaluations
are more sensitive to the credibility signal that trust carries than to the immersive engagement that
experience produces. Brand loyalty, by contrast, reflects behavioral commitment and emotional attachment,
which are more directly cultivated through the sensory and affective dimensions of brand experience. Bank
managers who want to build brand awareness and perceived quality should focus social media efforts on
trust-building content (customization, consistent messaging, transparency). Bank managers who want to
build brand loyalty should focus on experience-building content (eWOM stimulation, trending topics,
interactive formats).

6. CONCLUSION

To the authors' knowledge, this is among the first studies to examine the SMMA-brand equity relationship
in Ghanaian commercial banking using a five-dimensional SMMA scale, sequential dual mediation through
brand experience and brand trust, and the S-O-R theoretical framework. The study makes three theoretical
contributions.

First, it demonstrates that the organism stage of the S-O-R framework in post-crisis Ghanaian banking is

dominated by trust-based processing rather than the affective experiential mechanisms that characterize
the organism stage in more stable banking environments such as Bangladesh (Hafez, 2022a) and Latvia
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(Garanti and Kissi, 2019). This finding positions post-crisis institutional context as a theoretically significant
moderator of the mechanism structure in S-O-R-based brand equity models.

Second, the study reveals that the five SMMA dimensions operate through different pathways. eWOM and
trendiness build brand equity mainly through brand experience, while customization builds brand equity
mainly through brand trust. Entertainment operates through both pathways, although its BEX-mediated
effects are inverse partial effects. Interaction does not produce significant indirect effects through either
mediator in the current two-stage model. This dimensional differentiation is masked in prior studies that use
composite SMMA scores and should be incorporated into future theoretical frameworks for social media-
driven brand equity.

Third, the study confirms that brand trust and brand experience have distinct functional roles within the
CBBE architecture. Trust governs cognitive brand equity outcomes (awareness, perceived quality) and
experience governs behavioral brand equity outcomes (loyalty, associations). This functional mapping
provides a principled basis for aligning specific social media content strategies with specific brand equity
objectives.

The practical recommendation for commercial banks in Ghana and comparable post-crisis markets is to
treat social media as a trust-building channel first and an experience-building channel second.
Customization is the highest-priority investment. eWOM programs should be designed to stimulate peer
validation, with particular attention to content formats that encourage sharing and community engagement.
Entertainment content should be evaluated on brand awareness metrics rather than loyalty metrics, as the
evidence confirms it does not translate into behavioral commitment without the intermediary of trust or
experience.

6.1 Limitations and Future Research

The cross-sectional design precludes causal inference about temporal precedence in the SMMA-to-CBBE
chain. A longitudinal design tracking the same bank customers over 12 to 18 months would allow
researchers to confirm whether changes in SMMA exposure precede CBBE changes in the S-O-R
sequence. The study is limited to commercial banks in Ghana; future research should replicate the model
in other post-crisis banking markets, including Sierra Leone, Zimbabwe, and Cyprus, to establish whether
post-crisis trust sensitivity is the underlying moderator of the trust-based mediation pattern, or whether other
contextual features of the Ghanaian banking market explain the finding. The marginal HTMT values for
BAS-PQ and PQ-BLO, while confirmed by bootstrapped confidence intervals, suggest that a second-order
CBBE specification or bifactor model may fit the data better than the four-factor first-order structure used
here; future research should test this alternative directly. Finally, the suppression effects observed in Stage
1 for ENT, CUS, and eWOM suggest that future studies using the five-SMMA-dimension scale alongside
brand experience as a predictor of brand trust should consider reporting standardized and unstandardized
coefficients alongside bivariate correlations to provide a complete picture of predictor-outcome
relationships.
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ABSTRACT

Forecasting equity prices in emerging markets is complicated by high volatility, regime shifts, and non-linear
dynamics, and energy-sector public sector undertakings (PSUs) add a further layer of complexity because
state ownership, commodity linkages, and policy exposure shape their price behaviour differently from
private-sector peers. This study examines three energy PSUs listed on India's Nifty 50 — Coal India, Power
Grid Corporation, and Oil and Natural Gas Corporation (ONGC), using 246 days of daily closing prices (21
July 2025 to 20 July 2026). Coal India delivered the strongest total return (+11.01%) but also the highest
volatility (SD = %32.21; annualised volatility 22.8%;, Sharpe ratio 0.19); Power Grid was the most defensive
(-2.79% return, SD = %15.30); and ONGC combined a modest net gain (+1.85%) with a sharp mid-year
correction of 22.7%.

Augmented Dickey-Fuller tests confirm that price levels are non-stationary while daily log returns are
stationary, so all forecasting models were built on returns rather than levels. Using a strictly time-ordered,
cross-validated evaluation, neither linear, ridge, nor random-forest regressions improved on a naive
random-walk benchmark for any of the three stocks, a result consistent with weak-form market efficiency
at daily frequency (Fama, 1970). ARCH-LM tests detect significant volatility clustering in Power Grid and
ONGC, indicating that near-term risk, rather than price direction, is the more tractable forecasting target for
these equities, and GARCH(1,1) modelling shows this clustering behaves very differently across the two:
shocks in Power Grid decay within a single trading day (implied half-life under 1 day), while shocks in ONGC
persist for roughly 158 trading days, close to a near-unit-root process.

The findings caution against over-reading in-sample accuracy in financial machine learning and point
instead toward volatility-based risk management, calibrated to each stock's own persistence profile, for
state-backed energy equities.

Keywords: Non-linear market dynamics; energy PSU equities; market efficiency; volatility clustering; time-
series forecasting; emerging markets

1. INTRODUCTION

Our central point is straightforward: in Indian energy PSUs, short-horizon price direction is difficult to predict,
while volatility offers the clearer signal. In this study, we examine Coal India, Power Grid Corporation, and
ONGC over 246 trading sessions from 21 July 2025 to 20 July 2026, because these state-backed firms sit
at different points in the energy value chain and face a mix of commaodity exposure, policy sensitivity, and
ownership effects that set them apart from private-sector peers. We ask whether technical-analysis-based
forecasting methods, evaluated conservatively and in proper time order, can extract usable information
from these stocks, and whether these equities behave like one common PSU risk class or as three distinct
cases.

To answer that question, we build the analysis around adjusted closing prices, lagged returns, rolling
volatility, moving averages, and RSI, then test stationarity, compare return-forecasting models against a
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naive random-walk benchmark, and use GARCH to study how volatility shocks persist. The results point in
one direction: price levels are non-stationary, returns are stationary, and none of the fitted forecasting
models improve meaningfully on the naive benchmark at the daily horizon. What remains informative is
risk. Coal India posts the strongest return but also the highest volatility, Power Grid appears calmer but
delivers a negative risk-adjusted outcome, and ONGC shows a modest gain alongside the sharpest
correction. We also find volatility clustering in Power Grid and ONGC, though with sharply different
persistence, fast-fading in Power Grid and highly persistent in ONGC, which leads us to emphasize
volatility-based risk management over directional price prediction for these energy PSUs.

2. LITERATURE

Equity returns tend not to follow a linear path which is influenced by changing investor perceptions as well
as policy announcements and the nature of flows of orders all of which operate at a speed that is not
captured by any particular equation (Bhowmik & Wang, 2020; Song et al., 2023). As a result, the issue of
developing a model for the times series data in finance and determining how much of that data can actually
be predicted has remained an issue for empirical finance research (He et al., 2023; Nabipour et al., 2020).

In terms of earlier techniques, the Autoregressive Integrated Moving Average (ARIMA) series does manage
to account for linear and fail to show stable patterns but tends to fall short when there are structural breaks
and clusters of volatility (Chatterjee et al., 2021; Liang, 2024). Consequently, applied research has adopted
a technical indicator approach focusing on moving averages and technical indicators of momentum making
the data easier for any models downstream (Wang & Kim, 2018). For instance, Kim et al. (2025) and Lee
et al. (2022) use the previously mentioned technical indicators paired with rolling volatility as well as volume-
based indicators in order to create the input data which is seen throughout machine learning (Singh et al.,
2022).

The literature addressing volatility has developed independently from the literature dealing with point
forecasting. There can be no doubt that since Engle’s (1982) model of autoregressive conditional
heteroskedasticity has influenced the examination of the phenomenon, it has been established by many
researchers that equity returns tend to cluster in that tranquil and volatile periods do not alternate randomly
but occur in clusters. Further, the GARCH-type of models allows for the better application of this clustering
phenomenon than models developed to forecast either level or direction of the forthcoming change in the
stock price (Song et al., 2023). This is indeed an important distinction because applied finance literature
tends to blur this distinction by providing one prediction accuracy value without distinguishing whether the
model predicts returns in terms of mean or variance. In the case of Indian Public Sector Undertaking
equities, the news about regulatory decisions and subsidies is provided in irregular intervals rather than
constantly, which leads to the volatility clustering rather than the directional forecasting.

The deep learning algorithms constitute the other main approach in this respect. To elaborate, recurrent
neural networks like LSTM networks aim to remember information for longer times than autoregressive
models (Li & Pan, 2021; Rammurthy & Patil, 2021). The models that use technical indicators combined with
machine learning methods perform significantly better in directional forecasting than the baseline developed
through a single method (Sang & Li, 2024; Chauhan et al., 2024; Sen et al., 2021). Still, there is no
agreement on the verification of that performance as mentioned here and in studies prior to last year.

The second gap is about the specificity of the sectors. A great deal of the literature on forecasting analyses
stocks of different industries or larger indexes in the private sector, thus overlooking PSUs functioning in
the energy sector due to their varied risk profile associated with, inter alia, the government ownership of
the companies and the price of commodities as well as their sensitivity to public policy (Bhowmik & Wang,
2020). The companies Coal India, ONGC, and Power Grid each stand on a different ground within the
energy value chain, respectively in extraction, transmission, and exploration; therefore, a small sample can
be formed to test how “energy PSU” behaves as one risk type or as three distinct types.

The gaps discussed above shape the research design. The author will construct machine learning price
forecasts for the three PSUs with a train-test protocol keeping intact temporal order and the naive random
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walk model that is utilized in many research studies but not always mentioned explicitly. Additionally, price
data will undergo tests for stationarity and cluster volatility that refer to volatility clustering in general equity
markets (Song et al., 2023), even though in the same research field it is usually ignored. One of the key
points of the analysis is that it provides a comparative assessment of three backstopped energy equities
while being more conservative with regard to what “forecasting accuracy” means than the majority of
writings available on this subject.

3. METHODOLOGY

3.1 Data

Daily adjusted closing prices of Coal India Limited (COALINDIA.NS), Power Grid Corporation of India
Limited (POWERGRID.NS), and Oil and Natural Gas Corporation (ONGC.NS) were obtained from the
National Stock Exchange using the Python yfinance package from July 21, 2025, to July 20, 2026 (246
trading sessions with no gaps in the data). Adjusted close prices are recorded so that dividends and bonus
issues do not act as price changes. Data cleaning and alignment were performed using pandas and numpy
without replacing holidays with interpolations.

3.2 Feature Engineering

Three transformations were applied to each price series Pt. Growth normalisation rescaled each series to
a common base of 100 (Indext = Pt /PO x 100) to allow direct comparison of relative performance despite
very different absolute price levels. A 20-day simple moving average, SMA20,t = (1/20)ZPt-i (i = 0,,19),
captured short-run trend support and resistance. Twenty-day rolling volatility was computed as the rolling
standard deviation of daily log returns, rt = In(Pt /Pt-1), giving a localised measure of risk that is independent
of the price level itself. A 14-day Relative Strength Index was added as a fourth feature to capture short-
run overbought/oversold pressure that a moving average alone does not register. The window lengths (20
days for the moving average and rolling volatility, 14 days for the RSI) follow common convention in the
technical-analysis literature (Kim et al., 2025; Wang & Kim, 2018) rather than being tuned on this sample,
since optimising window lengths on only 246 observations would risk fitting the choice of window to this
particular year rather than to any general property of these stocks.

3.3 Stationarity and Volatility-Clustering Diagnostics

Because forecasting accuracy is only meaningful once the properties of the underlying series are
established, each price level and its corresponding return series was tested for a unit root using the
Augmented Dickey-Fuller test (Dickey & Fuller, 1979). Where a series contains a unit root, standard
regression-based forecasts of the level are not well defined in the usual sense, which is the reason this
study forecasts return rather than prices directly (Section 3.3 reports the test results). Volatility clustering,
the tendency of large price changes to be followed by more large changes of either sign, was tested using
Engle's ARCH-LM test on each return series (Engle, 1982), with ten lags.

3.4 Risk-Adjusted Performance

Apart from the basic return, volatility (annualised total returns) and Sharpe ratio (annualised return - risk-
free return) were also computed for each of the stocks taking a risk-free return of 6.5% i.e. current yield on
G-Sec/T-bill in India, which corresponds with the yield on a G-Sec/T-bill.

3.5 Forecasting Models and Evaluation

Next-day log returns were modelled as a function of five lagged returns, the 20-day rolling volatility, and the
14-day Relative Strength Index, all measured strictly up to t-1. Three specifications were compared:
ordinary least squares, ridge regression (a = 1), and a shallow random forest (200 trees, max depth 3),
against a naive random-walk benchmark that simply predicts zero return (i.e., no change from the previous
close). All models were evaluated with an expanding-window time-series cross-validation (five folds, 30-
day held-out test blocks per fold). Unlike a randomly shuffled split, this never allows a model to train on
data that occurs after the point being predicted. Accuracy is reported both on the return scale (R?) and, after
converting predicted returns back to price level using the known previous close, in rupee terms (MAE,
RMSE), since a small error in returns can still translate into a materially different-looking price trajectory.
The ridge penalty and the random forest's depth limit were fixed in advance rather than tuned through
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nested cross-validation, since with only 246 observations an extensive hyperparameter search risks fitting
the validation folds themselves rather than learning anything general about the series. This is a conservative
choice that, if anything, works against finding an improvement over the naive benchmark, which makes the
comparison reported in Section 3.4 a harder test for the fitted models to pass than a heavily tuned pipeline
would be.

3.6 GARCH(1,1) Volatility Modelling

The ARCH-LM test in Section 2.3 only answers a yes/no question: is there clustering? It says nothing about
how long a shock takes to fade, which matters more for risk management. A standard GARCH(1,1)
specification was fitted separately to each stock's return series to answer that: rt = p + €t, with et = otzt and
zt ~N(0,1), and the conditional variance evolving as ot* = w + aet-1? + fot-12. The mean equation was kept
constant rather than augmented with the lagged-return features from Section 2.5, since those features
carried essentially no explanatory power there; the modelling effort is concentrated on the variance
equation, where Section 3.3 gives reason to expect real structure. Models were estimated by maximum
likelihood using the arch package (Sheppard, 2025). Two quantities summarise each fit: persistence, a +
B, and the implied half-life of a volatility shock, In(0.5) / In(a + B), in trading days.

4. RESULTS AND DISCUSSION

4.1 Price Behaviour and Risk-Return Profile

In Table 1, we present a comparison of the performance and risk-return profile of the three companies.
Coal India had an average price of ¥416.91, which was the highest for the year. Further, the standard
deviation of the share price of Coal India was ¥32.21, which was the highest for the three companies. The
company had a total return of +11.01% in the fiscal year. Power Grid, however, had the minimum standard
deviation of 15.30. The share price of Power Grid was down to 2.79% as at financial year end, implying
that it had a negative risk-adjusted performance as per the Sharpe view calculation thus yielding the lowest
Sharpe ratio for the group of companies (-0.45). ONGC was in between Coal India and Power Grid in terms
of standard deviation (219.48) earning a 1.85% return. Nonetheless, all the three PSUs could not
demonstrate a risk-adjusted performance to be attractive on a standalone level in the given time span since
Coal India had a modest figure of 0.19.

In comparison to its competitors, however, Coal India has earned its positive Sharpe return alongside the
highest absolute volatility in share price. Thus, the performance of the three PSUs demonstrated that they
are operating more appropriately in the capacity of mode commodity-linked PSUs involving higher returns
mixed with higher volatility (Bhowmik & Wang, 2020). Nonetheless, negative performance of Power Grid
indicated that low volatility does not necessarily constitute good Sharpe return since despite being volatile,
it resulted in negative return when measured in Sharpe terms.Coal India's 0.19, unremarkable in isolation,
was still the only positive risk-adjusted return among the three, earned alongside the group's highest
absolute volatility, a combination consistent with commodity-linked PSUs behaving more like leveraged
bets on the broader cycle than as defensive holdings (Bhowmik & Wang, 2020). Power Grid's negative
Sharpe ratio is a reminder that low volatility and good risk-adjusted return are not the same thing: an asset
can be calm and still lose money on a risk-adjusted basis, which is precisely what happened here.

TABLE 1: DESCRIPTIVE, RETURN AND RISK SUMMARY

Stock Mean (%) | SD (%) Min (%) Max (%) | Total Ann. Sharpe
Return (%) | Volatility (%) | Ratio
COALINDIA 416.91 32.21 370.05 481.65 | +11.01 22.80 0.19
POWERGRID | 286.23 15.30 251.35 320.90 | -2.79 20.76 -0.45
ONGC 254.90 19.48 231.33 301.40 | +1.85 23.31 -0.20

N = 246 trading days per stock (21 Jul 2025 — 20 Jul 2026); Sharpe ratio assumes rf = 6.5% p.a.

The shape of the distribution, however, was different for each series. Coal India's closing prices were
relatively flat (platykurtic) with a slight right skew (skewness = 0.20, excess kurtosis = -1.38), which fit nicely
into the two trading ranges seen in Figure 1(a): a pre-rally and post-rally trading range. Power Grid's
distribution was nearly symmetrical with a moderate peak, given a skewness value of -0.05 and excess
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kurtosis of -0.14, consistent with its tighter band trading range. Finally, ONGC's distribution was the most
skewed of the three. ONGC had a skewness value of 0.76 and thus its stock prices remained primarily
within the ¥230-250 range and were somewhat thin on the right side as it approached the ¥300 range.
Statistically, this represents a right-skewed distribution.

4.2 Co-Movement and Regime Dynamics

Figure 1 (in the following page) shows the normalized growth (base = 100) and volatility 20-day rolling for
all three stocks together. Two regimes are clearly visible. From approximately February until around mid-
May 2026 (shaded area), all three series were up, and spikes in volatility in the three-week period for all
three stocks occurred (Coal India peaked at 0.0278 at 1 February; Power Grid at 0.0252 at 19 February;
ONGC at 0.0292 at 23 February), which supports one shared sector-wide shock instead of three
independent stories. As for the pairwise correlations throughout the entire period, these were low (Coal
India-Power Grid: 0.32; Coal India-ONGC: 0.35; Power Grid-ONGC: 0.25), increased slightly during the
time of the rally (0.36/0.28/0.13), and then dropped sharply once the rally ended (0.07/0.17/0.16). In other
words, when it comes to their movements in risk (volatility), the three PSUs moved together far more than
their movements in direction (returns), which a simple correlation table would not tell.

4.3 Stationarity and Volatility Clustering

In the post-May period, the three stories begin to diverge in the strongest way. ONGC lost nearly all of its
gains from its maximum on 29 April when it reached ¥301.40 to minimum of ¥233.10 by June 25, 2026
(22.7% decline) and then partially rebounded toward support at around ¥240-250 by late July. Power Grid
and Coal India also pulled back from their own maximums achieved in late April by 11.2% and by 12.8%,
however not nearly as much, finishing this period with index values at 111.0 and 97.2 respectively compared
to 101.9 for ONGC. This statement is more precise than simply stating that “both stocks have increased
substantially.” All three PSUs declined but ONGC'’s correction was nearly twice as large as the others.

The results from the Augmented Dickey-Fuller test are shown in Table 2. The price levels of the three stocks
will fit a unit root process (p = 0.58, 0.30, 0.39), but the null hypothesis of a unit root can be rejected at a
high level of confidence for the log returns (p < 0.001). Therefore, the returns are modeled instead of the
price levels in Section 3.4, as visually suggested by the growth-index graph.
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FIGURE 1: NORMALIZED GROWTH AND VOLATILITY REGIMES
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4.3 Stationarity and Volatility Clustering

In the post-May period, the three stories begin to diverge in the strongest way. ONGC lost nearly all of its
gains from its maximum on 29 April when it reached ¥301.40 to minimum of ¥233.10 by June 25, 2026
(22.7% decline) and then partially rebounded toward support at around ¥240-250 by late July. Power Grid
and Coal India also pulled back from their own maximums achieved in late April by 11.2% and by 12.8%,
however not nearly as much, finishing this period with index values at 111.0 and 97.2 respectively compared
to 101.9 for ONGC. This statement is more precise than simply stating that “both stocks have increased
substantially.” All three PSUs declined but ONGC'’s correction was nearly twice as large as the others.
The results from the Augmented Dickey-Fuller test are shown in Table 2. The price levels of the three stocks
will fit a unit root process (p = 0.58, 0.30, 0.39), but the null hypothesis of a unit root can be rejected at a
high level of confidence for the log returns (p < 0.001). Therefore, the returns are modeled instead of the
price levels in Section 3.4, as visually suggested by the growth-index graph.

TABLE 2: STATIONARITY (ADF) AND VOLATILITY-CLUSTERING (ARCH-LM) DIAGNOSTICS

Stock ADF Level | ADF Return | Stationary ARCH-LM Vol.

(p) (p) Series (p) Clustering
COALINDIA 0.584 <0.001 Returns only 0.504 No
POWERGRID 0.303 <0.001 Returns only 0.002 Yes
ONGC 0.389 <0.001 Returns only 0.006 Yes

According to the results of the ARCH-LM test, volatility clustering does not occur in the returns of Coal India
(p = 0.50) but is present in both Power Grid (p = 0.002) and ONGC (p = 0.006); thus, in these two time
series, one can expect the occurrence of a large number of returns to be followed by another large return
in the same direction (Song et al., 2023), while a simple mean return forecast does not predict anything
concerning the structure of returns. The test, however, does not address the question of how long this
volatility clustering does last in the case of Power Grid and ONGC.
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4.4 Forecast Evaluation

Here, we will divert from the usual narrative in the applied ML literature regarding the conclusions of this
paper. In Table 3, we will show you the results of cross-validated out-of-sample analysis of the naive random
walk benchmark model with the fitted alternatives (i.e., ridge regression; we will omit OLS and shallowly
scaled random forests here because those performed no better than the naive benchmark). For each stock
examined here, the naive benchmark model's R2 was less negative (or better) than the fitted alternative’s
model. Additionally, ahri errors (in rupees) were virtually identical between both approaches. (e.g., Coal
India;: naive MAE = 5.17; ridge MAE = 5.26; Power Grid: 2.88 vs. 2.99; ONGC 3.24 vs. 3.26).

Moreover, the fitted ridge coefficients can help us understand why. For these three stocks here, no
coefficient for any of the eight independent variables (five lags of returns, the rolling volatility, and the RSI)
was higher than 0.007 in absolute value; thus, it follows that this model was nearly flat with respect to the
final estimated value of each feature. In conclusion, the fitted ridge coefficients provide an explanation of
why. An estimation that gives a coefficient of zero is not failing to give a unique signal. Instead, what it is
showing is there is no unique linear signal to detect with respect to the independent variables at this time
frame. This is quite a different conclusion compared with a poorly configured or improperly specified
estimation model, and that is why the results in Table 3 are interpreted in terms of its implications about the
marketplace.

TABLE 3: FORECAST ACCURACY - NAIVE BASELINE VS. RIDGE RETURN-MODEL

Stock Naive Rz | Ridge R2 | Naive MAE | Ridge MAE | Next-Day Last Close
) ) Forecast (%) )
COALINDIA -0.033 -0.073 5.17 5.26 430.29 429.40
POWERGRID | -0.041 -0.078 2.88 2.99 288.60 288.70
ONGC -0.015 -0.043 3.24 3.26 249.82 249.58

R2 and MAE are 5-fold expanding-window time-series cross-validation means, evaluated on log returns and
converted to price level.

This is also evident in Figure 2 for Coal India: the ridge model forecast line follows the naive line closely
when the actual price is tracked for the price of ¥481.65 of Coal India at the beginning of June. However,
the ridge method overshoots, thus leading to a larger error compared to using the naive approach. The
results of one-step- ahead forecasts for July 21, 2026, reinforce this: ¥430.29 (ridge) is the forecast, while
the actual figure is ¥429.40; for Power Grid, the respective figures are ¥288.60 and ¥288.70, and for ONGC,
it is ¥249.82 against ¥249.58. Since the differences between the forecast and the actual price is negligible,
they do not affect practical decision-making in any way.

Nonetheless, all of the above does not mean the feature engineering process did not yield positive returns.
Daily log returns for big liquid PSU stocks behave in an unpredictable manner as regards their conditional
mean, which is what the weak form of market efficiency suggests (Fama, 1970). If a predictor beats this
naive benchmark significantly through a naive benchmark, then it is usually an indication of data leakage
and nothing else — which is exactly what will be produced through a shuffled non-time-ordered train-test
split. Rather, the lagged prices and technical indicators do not contain exploitable information about the
future prices of these three PSUs in question, however, the ARCH-LM evidence in Section 3.3 signifies that
the aforementioned variables have information regarding risk. Therefore, the actionable information that
can be derived from this is effective control of risk that should be utilized rather than making predictions
about price movements.

4.5 Volatility Persistence: GARCH(1,1) Estimates

Table 4 shows the GARCH(1,1) fitting for each of the stocks. The ARCH coefficient of Coal India is
statistically not different from zero (a = 0.035, p = 0.153), although its GARCH coefficient is large and
accurately estimated, that is B = 0.945, p <0.001. Because a very high and statistically significant § can
occur on a process which displays no real clustering of shocks as long as it has been fitted with a very slow-
moving variance trend, this result serves to reinforce the findings in Section 3.3 rather than weakens them.
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FIGURE 2: ACTUAL VS. NAIVE BASELINE VS. RIDGE RETURN-MODEL (HELD-OUT TEST WINDOW)
COALINDIA — held-out test window (last 20% of sample)
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TABLE 4: GARCH(1,1) PARAMETER ESTIMATES AND IMPLIED VOLATILITY HALF-LIFE

Stock o (ARCH) B (GARCH) | Persistence Half-Life Ann. Unconditional
(a+B) (days) Vol. (%)
COALINDIA 0.035 (p=.153) | 0.945 0.980 33.8 235
(p<.001)
POWERGRID | 0.354 (p=.092) | 0.020 0.374 <1 21.1
(p=-919)
ONGC 0.052 (p=.167) | 0.943 0.996 158.0 36.1
(p<.001)

Estimated by maximum likelihood, constant-mean specification, normal innovations. p-values in
parentheses; half-life = In(0.5)/In(persistence).

The ARCH-LM test in Section 3.3 has shown that both Power Grid and ONGC have surpassed this hurdle,
but their GARCH fits indicate that they achieved this feat in almost completely opposite fashion. The ARCH
term for Power Grid is the highest among the three (a = 0.354). However, the GARCH term for this stock is
almost zero, which means that shocks arrive with a high intensity but then fade away quickly, resulting in a
half-life of less than one trading day. In contrast, ONGC has a low and insignificant ARCH term (a = 0.052,
p = 0.167). However, the GARCH term is high and significant (B = 0.943, p < 0.001), implying that the total
persistence comes to 0.996, which is close to the unit root threshold of 1.0 and leads to a halving of the
intensity of the volatility shock after some 158 trading days, which is almost a year. Figure 3 (in the following
page) illustrates this difference in a clearer manner than what can be seen from the 20-day rolling window
in Figure 1(b). Power Grid has reached a level of high conditional volatility (indicated with blue) that fades
away quickly, while Coal India (orange) and ONGC (purple) display a slow decrease in the level of volatility,
which has been seen in detail in Section 3.2.

5. IMPLICATIONS AND LIMITATIONS

5.1 Implications

The clearest implication is that these three PSUs, despite common state ownership, do not behave as one
homogeneous risk category. Coal India offers the highest return but also the highest and least clustered
volatility; Power Grid offers low volatility alongside a negative Sharpe ratio over this window; and ONGC
combines moderate average volatility with the deepest single drawdown and the only clearly right-skewed
price distribution of the three. Treating “energy PSU” as a single exposure would mask all of this.
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There is also a methodological lesson: benchmark against a naive baseline under a time-respecting split
before reporting any accuracy gain, since a market efficient in the mean but not the variance, exactly what
the combination of a random-walk-beating forecast and clustering in two of three stocks points to here,
argues for GARCH-type models over point forecasting. Section 3.5's estimates go further, showing Power
Grid and ONGC clear the same clustering test for almost opposite reasons, one fast-decaying, one

FIGURE 3: GARCH(1,1) CONDITIONAL VOLATILITY BY STOCK
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near-permanent. For practitioners, position sizing and stop levels are better supported by this data than
directional trading signals are.

5.2. Limitations

The analysis covers a single one-year window and three tickers within one sub-sector, which limits how far
the conclusions generalise to other periods, horizons, or industries. The forecasting exercise is restricted
to a one-day-ahead horizon using price-derived features only, without macroeconomic, news, or order-flow
variables that might carry information the technical feature set does not. The Sharpe ratio calculation also
rests on a single assumed risk-free rate rather than a matched-maturity series. The GARCH(1,1) models
assume symmetric normal innovations and cannot capture the leverage effect through which equal-sized
positive and negative shocks move volatility differently; Power Grid's near-zero, insignificant GARCH term
also means its half-life estimate should be read as indicative rather than precise.

Future Scope

Extending the sample across multiple years and market cycles would clarify whether the efficiency result
documented here is stable or specific to the window studied. An asymmetric specification such as EGARCH
or GJR-GARCH would test whether ONGC's and Coal India's volatility responds differently to negative
shocks than to positive ones, a question this symmetric GARCH(1,1) cannot answer, alongside multi-day-
horizon forecasts and sentiment or macro-news features to test whether they add anything beyond the
price-derived indicators used here.

6. SUMMARY AND CONCLUSION

Coal India, Power Grid, and ONGC turn out to be a useful natural experiment in how much “same sector,
same ownership structure” actually predicts about price behaviour: not very much, once return, volatility,
correlation, and distributional profiles are compared side by side. The stationarity results and the out-of-
sample forecasting exercise point the same way, toward genuine unpredictability in price direction at a one-
day horizon rather than a modelling shortfall. What is left over is the volatility-clustering signal in two of the
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three stocks, and the GARCH(1,1) estimates show that signal is not one thing but two: a fast-decaying risk
state in Power Grid and a near-permanent one in ONGC.
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ABSTRACT

Using E-mini S&P 500 futures data from 2003-2026, we find that realized kurtosis contains persistent
predictive information for future realized volatility. The predictive power survives controls for autoregressive
volatility dynamics, lagged returns, and option-implied volatility. While implied variance captures forward-
looking market expectations, realized kurtosis contributes additional information related to persistent tail-
risk dynamics. However, realized skewness and the Amihud illiquidity measure lose predicative power for
realized volatility when realized kurtosis is present. We find evidence that a HAR model augmented with
multiple lagged returns, implied variance, and multiple lagged realized kurtosis provides the most effective
framework for forecasting realized volatility. This result indicates that tail-risk persistence represents an
important and previously underappreciated determinant of future volatility.

Keywords: HAR-RV model, realized volatility, realized kurtosis, VIX

1. INTRODUCTION

Volatility is one of the most fundamental concepts in finance. It plays a central role in asset pricing, portfolio
allocation, risk management, derivative valuation, and financial regulation. Investors, portfolio managers,
and policymakers all rely on accurate volatility estimates to assess market risk and make informed
decisions. Consequently, understanding the dynamics of volatility and improving volatility forecasts have
long been important objectives in financial economics. The increasing availability of high-frequency financial
data has popularized the concept of realized volatility, which aggregates information from high-frequency
returns and provides a more accurate estimate of the actual variation in asset prices over a given period.
Since the seminal work of Andersen, Bollerslev, Diebold, and Labys (2003), realized volatility has become
one of the most widely used measures of ex post market uncertainty and has generated a large literature
devoted to understanding its statistical properties and forecasting performance.

Accurate forecasts of realized volatility are particularly important because volatility exhibits strong
persistence and clustering. Periods of elevated volatility are often followed by additional periods of
heightened uncertainty, while tranquil market conditions tend to persist over time. This persistence creates
opportunities for predictive modeling and has motivated the development of numerous volatility forecasting
frameworks, including GARCH-type models, stochastic volatility models, and the heterogeneous
autoregressive (HAR) model introduced by Corsi (2009). Among these approaches, the HAR model has
become especially popular due to its simplicity, economic intuition, and ability to capture long-memory
features observed in realized volatility.

Despite the success of existing forecasting models, an important question remains as to whether additional
information beyond past realized volatility can improve forecasts of future volatility. In particular, measures
derived from higher-order return moments and option markets may contain valuable information about
future market uncertainty. Understanding which variables provide incremental predictive content beyond
realized volatility is important both from a practical forecasting perspective and from a broader economic
perspective, as it sheds light on the mechanisms through which information about risk is transmitted across
financial markets.

This study investigates whether option-implied variance and realized kurtosis contain predictive information

for future realized volatility beyond that captured by the HAR model. Our research contributes to empirical
finance in the following ways. First, this study is among the first to investigate E-mini S&P 500 futures (ES),
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which has nearly continuous trading, high liquidity, and lower microstructure noise. The data also spans a
very long time period from the introduction of VIX in 2003 to April 2026, a period covering the late dot-com
era, the Great Financial Crisis of 2007-2009, flash crashes, Covid, and recent inflation shocks. In addition,
high frequency data is used to construct 5-minute realized measures instead of daily data.

Second, this study is the first to investigate if realized kurtosis contains predictive information for future
realized volatility beyond that already embedded in option-implied volatility. While implied variance derived
from VIX remains the single most important predictor in the model, realized kurtosis continues to exhibit
significant explanatory power after controlling for option-implied expectation for volatility. This result
suggests that realized kurtosis captures aspects of tail-risk dynamics that are not fully reflected in option
prices.

Furthermore, the superior performance of the identified augmented HAR specification indicates that tail-
risk information persists across several trading days. Rather than affecting volatility only
contemporaneously, extreme return movements appear to influence volatility expectations over a longer
horizon with a decaying power. These findings highlight the importance of incorporating higher-order
realized moments into volatility forecasting models and suggest that persistent tail-risk measures can
enhance both in-sample model fit and out-of-sample forecast accuracy.

This paper is organized as follows. Section 2 reviews previous research. In Section 3, the data and
methodology used in this study are described. Section 4 presents empirical results. Section 5 concludes
with a summary of evidence.

2. LITERATURE REVIEW

A growing body of research suggests that higher-order realized moments contain information about market
tail risk and jump activity that is not fully captured by realized volatility alone. Because realized kurtosis
assigns greater weight to extreme return realizations, it provides a natural measure of tail risk and jump
activity and thus may contain predictive information about future volatility beyond that embedded in
historical volatility measures or option-implied expectations. This study contributes to the literature by
examining whether realized kurtosis retains incremental forecasting power after controlling for implied
variance within a heterogeneous autoregressive (HAR) framework.

The modern realized volatility literature originates with Andersen, Bollerslev, Diebold, and Labys (2003),
who demonstrate how high-frequency intraday returns can be aggregated to construct accurate measures
of daily realized volatility. Using foreign exchange market data, they show that realized volatility provides a
substantially more precise estimate of latent volatility than measures based solely on daily returns.
Furthermore, they document that the logarithm of realized volatility exhibits strong persistence and
approximates Gaussian behavior, making it well suited for econometric modeling and forecasting. Their
work established realized volatility as a practical measure of ex post market uncertainty and laid the
foundation for a large subsequent literature on volatility forecasting.

Subsequent studies emphasized the importance of jumps and extreme price movements in explaining
volatility dynamics. Barndorff-Nielsen and Shephard (2004) develop the concepts of power variation and
bipower variation, providing a framework for decomposing realized volatility into continuous and jump
components. Their results demonstrate that discontinuous price movements contribute significantly to total
return variation and suggest that measures sensitive to jumps may contain valuable information about future
volatility. Similarly, Huang and Tauchen (2005) document that jump variation accounts for a substantial
portion of realized volatility, particularly during periods of market stress. Together, these studies highlight
the importance of tail events and jump activity and provide a strong economic motivation for incorporating
higher-order realized moments into volatility forecasting models.

Building on the realized volatility literature, Corsi (2009) proposes the Heterogeneous Autoregressive

(HAR) model, which approximates the long-memory behavior of realized volatility through daily, weekly,
and monthly volatility components. Due to its simplicity, economic intuition, and strong forecasting
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performance, the HAR model has become one of the most widely used frameworks for modeling and
forecasting realized volatility. Consequently, the HAR model serves as the benchmark specification in the
present study.

A parallel literature investigates the measurement and economic significance of higher-order realized
moments. Neuberger (2012) develops methods for extracting realized skewness directly from high-
frequency returns and demonstrates that realized skewness is both time-varying and predictable. Extending
this line of research, Kozhan, Neuberger, and Schneider (2013) introduce skew swaps and document the
existence of a skewness risk premium, providing evidence that investors require compensation for bearing
downside tail risk. Their findings suggest that higher-order moments contain economically meaningful
information beyond that reflected in variance alone.

Additional evidence on the economic relevance of realized moments is provided by Amaya, Christoffersen,
Jacobs, and Vasquez (2015), who use intraday data to construct weekly realized moments and show that
realized skewness and realized kurtosis are significant predictors of future stock returns. Their results
indicate that higher-order moments capture important information about market conditions that is not
contained in realized volatility. More recently, Bae and Lee (2021) propose new realized third- and fourth-
order comoments that incorporate both volatility-of-volatility effects and jump contributions. They show that
these higher-order measures capture important features of financial markets, including volatility persistence
and return-volatility asymmetry. Neuberger and Payne (2021) further demonstrate that long-horizon
skewness and kurtosis can be estimated accurately using short-horizon returns and leverage effects,
providing additional support for the use of high-frequency data in constructing realized higher moments.

While the studies above establish the importance of realized higher moments in predicting returns, relatively
few papers examine their role in volatility forecasting. One notable exception is Mei, Liu, Ma, and Chen
(2017), who incorporate realized skewness and realized kurtosis into variants of the HAR model and show
that higher-order moments can improve volatility forecasts. Their results provide direct evidence that
realized moments contain information beyond realized volatility itself. However, their analysis does not
investigate whether realized kurtosis retains predictive power after controlling for information embedded in
option markets, nor does it explore the persistence of realized kurtosis through alternative lag structures.

Bonato, Cepni, Gupta, and Pierdzioch (2021) extend this line of research by investigating the role of realized
skewness and realized kurtosis in forecasting realized volatility across international real estate investment
trust (REIT) markets. Using variants of the HAR model, they find that higher-order realized moments
improve volatility forecasts in several international markets, although the magnitude of the forecasting gains
differs across countries. Their results provide additional evidence that realized higher moments contain
economically meaningful information for forecasting future volatility.

Recent research by Liang, Wei, and Zhang (2020) shifts the focus toward the role of option-implied
information in volatility forecasting. Using realized volatility and implied volatility from eight major
international stock markets within a HAR framework, they show that implied-volatility-based measures
significantly improve volatility forecasts across multiple prediction horizons. While their findings establish
implied volatility as an important benchmark for forecasting realized volatility, they do not examine whether
realized higher moments continue to provide incremental forecasting information once implied volatility has
been incorporated into the forecasting model. The present study addresses this question by investigating
whether realized skewness and kurtosis retains predictive power beyond VIX-implied variance within a HAR
framework.

This study extends the existing literature in several important ways. First, it examines whether realized
kurtosis contributes incremental forecasting power beyond implied variance, a forward-looking measure of
market expectations derived from VIX. Second, it investigates the persistence of tail-risk information by
considering both multiple lag specifications and aggregated measures of realized kurtosis. Finally, the
analysis evaluates the contribution of realized kurtosis using both in-sample and out-of-sample forecasting
performance within a HAR framework. The empirical results indicate that realized kurtosis remains a
significant predictor of future realized volatility even after controlling for option-implied information, and that
its predictive effects persist across multiple trading days.
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3. DATA AND METHODOLOGY

3.1 Data and Variable Construction

This study examines the relationship between realized kurtosis, implied variance, and future realized
volatility using S&P 500 E-mini (ES) futures and the CBOE Volatility Index (VIX). Although ES futures data
are available beginning in 1997, the sample period in this study is restricted to September 22, 2003 through
April 30, 2026. The starting date coincides with the introduction of the modern CBOE VIX methodology.
Intraday ES futures and VIX data are obtained from Pi Trading. Because ES futures trade nearly twenty-
four hours per day, the choice of trading session can influence realized volatility estimates. Overnight
trading tends to exhibit lower liquidity and has experienced substantial structural changes over the sample
period. To maintain consistency and reduce the influence of evolving overnight market conditions, all
baseline realized measures are constructed using regular trading hours Monday through Friday 9:30 a.m.
to 4:00 p.m. Eastern time.

The use of high-frequency data introduces potential market microstructure biases, including bid-ask bounce
and nonsynchronous trading effects. Andersen et al. (2003) demonstrate that volatility estimates based on
very high-frequency returns may be distorted by such effects and recommend the use of five-minute returns
as a practical compromise between measurement precision and microstructure bias. Accordingly, all
realized measures in this study are constructed using five-minute intraday returns. The it" five minute return
on ES futures contract is calculated using the following equation:

Tti = log(Pm-) - lOg(Pt,i—l) 1)

where r,; is the intraday i*" five minutes return of the ES futures contract at it interval on day t, P, is the
ending futures price for the it" interval on day t, while P, ;_, is the ending futures price for the (i-1)™" interval
on day t. The daily return on ES futures contract is calculated using the following equation:

R, = log(P,) —log(P;_) (2

where R, is the return of the ES futures contract on day t, P; is the closing price of ES futures on day t,
while P,_, is the closing price of the ES futures contract on day t-1.

Daily realized volatility is obtained by aggregating squared five-minute returns. Following Andersen and
Bollerslev (1998), realized volatility provides a nonparametric estimate of the latent integrated volatility
process. The realized volatility is thus calculated using the following equation.

M
RVt = Zi=1 th,i (3)

where RV, is the daily realized volatility of the ES futures on day t. ;; is the intraday it five minutes return
of the ES futures contract at it" interval on day t, and M is the number of intraday five minutes intervals.
Because realized volatility is highly right skewed, the logarithm of realized volatility is used throughout the
empirical analysis. Log transformation is standard in the realized volatility literature and produces a
distribution that is closer to Gaussian while improving regression stability. For expositional convenience,
the term realized volatility (RV) refers to the logarithm of realized volatility unless otherwise noted.

In addition to realized volatility, this study considers several measures designed to capture higher-order
return characteristics and market conditions. Realized skewness measures return asymmetry and reflects
the tendency for large positive or negative return realizations. Realized kurtosis captures tail risk and the
prevalence of extreme return movements. Because realized skewness and kurtosis are sensitive to scale,
normalized realized skewness (NRS) and normalized realized kurtosis (NRK) are employed following the
existing literature. These normalized measures facilitate comparisons across time and market conditions.
The realized skewness and the realized kurtosis are calculated using the following equation.
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M

RS, = X, T (4)
M

RK, = ) _ 1t (5)

where RS, is the realized skewness, RK; is the realized kurtosis, r; ;are the intraday i" five minutes returns
for day t, and M is the number of intraday five minutes intervals. A normalized realized skewness and
kurtosis often used in finance literature are

VMRS,

NRSt = Wg/; (6)
M-RK;

NRK, = Vgt )

where M is the number of intraday five minutes intervals, and RV is the realized volatility without logarithmic
transformation we calculated from equation (3).

Market liquidity is measured using the Amihud (2002) illiquidity measure. The Amihud (2002) illiquidity
measure is one of the most widely used liquidity proxies in the finance literature. It captures the price impact
associated with trading activity and is commonly interpreted as a proxy for market depth and trading
frictions. Higher values indicate that relatively small trading volumes are associated with larger price
movements, suggesting reduced market liquidity. To improve numerical stability and interpretability, the
Amihud measure is scaled and subsequently transformed using logarithms in the empirical analysis.
Amihud illiquidity is calculated as following.

. 1 \M Irel
Amihud, = Ez : (8)

i=1 Closing Price -50-Volumey ;

where Volume is number of contracts traded in each 5-minute interval. The Amihud illiquidity measure is
scaled by e to make the number easier to read.

Forward-looking volatility expectations are captured using the VIX index. Since the VIX represents
annualized implied volatility, it is converted into an implied variance measure to facilitate direct comparison
with daily realized volatility. Specifically, implied variance (IV) is constructed from the VIX level and
subsequently transformed using logarithms. This transformation aligns the scale of implied variance with
the dependent variable used in the forecasting regression models. Since the VIX is quoted as an annualized
volatility:

VIX = 100 x /252 x IV, 9)

where [V;is the expected daily implied variance under the risk-neutral measure. Rearranging, we have the
IV calculated using the following equation.

Vixg\2 1
W= (T) 2 (10)
In addition to implied variance, this study considers the realized volatility of the VIX itself (VIXRV). VIXRV
is computed by aggregating squared intraday VIX returns and is intended to capture volatility-of-volatility
effects. Similar to the realized volatility and implied variance derived from VIX, the logarithm of VIXRV is
employed in the empirical analysis to reduce skewness and improve statistical properties. VIXRV is
calculated using the following equation.

vixry; = log(VIX;) — log(VIX;_4) (12)
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VIXRV, = Y vixr?; (12)
3.2 Model Specifications

To forecast future realized volatility, this study employs the Heterogeneous Autoregressive model of
realized volatility (HAR-RV) proposed by Corsi (2009). The HAR framework is designed to approximate the
long-memory behavior commonly observed in financial volatility through the interaction of daily, weekly,
and monthly volatility components. Due to its simplicity, economic intuition, and strong forecasting
performance, the HAR model has become one of the most widely used approaches in the realized volatility
literature and serves as the benchmark specification in this study.

First, following Corsi (2009), the baseline HAR model is constructed to relates future realized volatility to
lagged daily, weekly, and monthly realized volatility components.

RViy1 = Bo + BaRV; + B RV + B RV{™ + €141 (13)

where RV, is daily realized volatility on day t, RV is last week’s average volatility, and RV/™ is the last
month’s average volatility. Specifically,

1

RV = 3 ?=1RVt+1—i (14)
1

RV™ = ZZiZ=21RVt+1—i (15)

This study first augments the baseline HAR model by incorporating lagged daily returns to account for
potential leverage and return-volatility effects.

RViiy = Bo + BaRVe + BuRVY + B RV{™ + X7, BiRe—1—i + €141 (16)

The analysis then evaluates whether higher-order realized moments, including normalized realized
skewness and normalized realized kurtosis, provide incremental explanatory power beyond the persistence
captured by the HAR structure. The forecasting framework is also further extended by incorporating the
Amihud illiquidity measure to assess whether market liquidity conditions contribute to volatility dynamics.

RViy1 = Bo + BaRVy + By RVY + B RVI™ + 37y BiRes1-i + OsNRS; + €441 17)
RViy1 = Bo + BaRV; + B RV + B RV™ + Z?:1 BiRtr1-i + O NRK; + €144 (18)
RViy1 = Bo + BaRV; + B RV + B RV{™ + Z?:1 BiRts1-i + 0, Amihud, + €44 (19)

RVipq = By + BaRV; + By RVY + B RV™ + ¥3_, BiRes1-; + OsNRS, + 6, NRK, + 0,Amihud, + €.,
(20)

Subsequently, implied variance derived from the VIX is added to determine whether forward-looking
information from option markets improves volatility forecasts. Because implied variance reflects market
expectations regarding future uncertainty, it provides a natural benchmark against which the incremental
forecasting power of realized kurtosis can be evaluated.

RViyy = Bo + BaRV; + By RVY + BmRVI™ + X1 BiRes1-i + 0,1Vi+6,,VIXRV, + €144 (21)
Since the primary objective of this study is to determine whether realized skewness and realized kurtosis
contains information about future realized volatility beyond that already embedded in implied variance and

historical volatility persistence, models including both implied variance and realized kurtosis are estimated
and compared with alternative specifications.
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RViyy = Bo + BaRV; + BuRVY + B RV{™ + X1 BiRey1—i + Op1Ve + 6 NRK, + €,11 (22)

Finally, the persistence of tail-risk information is examined using alternative realized kurtosis specifications.
In addition to a single-lag realized kurtosis measure, the analysis considers both multiple lagged values of
realized kurtosis and a weekly average realized kurtosis measure. These alternative specifications allow
us to investigate whether the predictive effects of realized kurtosis are short-lived or persist across multiple
trading days.

5
RVisy = Bo + BaRV, + BuRVY” + BuRV™ + iy BiResa-i + 01V, + Z ) O NRK ;41— + €41 (23)
i=

RViy1 = Bo + BaRVy + BuRVY + B RVI™ + 37y BiRes1—i + 0,1V, + 6, NRKY + €444 (24)
where NRKY = éz?leR K.,

4. EMPIRICAL RESULTS

As a preliminary step, this study examines the time-series behavior of the key variables used in the empirical
analysis. Figure 1 presents the daily return, realized volatility, normalized realized skewness, normalized
realized kurtosis, Amihud illiquidity, and implied variance series over the sample period. Several well-known
facts emerge from the data. First, both realized volatility and implied variance exhibit strong persistence
and volatility clustering. Periods of elevated volatility are followed by additional periods of heightened
uncertainty, particularly during episodes of market stress such as the Global Financial Crisis and the
COVID-19 pandemic. The close comovement between realized volatility and implied variance provides
preliminary evidence that option-implied information may be useful for forecasting future realized volatility.

Second, normalized realized kurtosis displays substantial time variation and occasional sharp spikes,
indicating the presence of extreme return realizations and heightened tail risk. These spikes tend to coincide
with periods of market turbulence and suggest that realized kurtosis may contain information about future
volatility beyond that captured by realized volatility alone. In contrast, normalized realized skewness
fluctuates around zero and exhibits considerably less persistence, which is consistent with previous studies
documenting weaker time-series dependence in skewness measures.

Third, the Amihud illiquidity measure remains close to zero for most of the sample period but exhibits several
isolated spikes. Examination of the largest observations indicates that many occur during holiday trading
sessions and other periods characterized by unusually low trading activity. These findings suggest that
extreme Amihud values in the ES futures market are often associated with temporary reductions in trading
volume rather than systemic market disruptions. Overall, the relatively low level of illiquidity throughout the
sample is consistent with the highly liquid nature of the ES futures market.

Taken together, the graphical evidence suggests that realized volatility, implied variance, and realized
kurtosis exhibit the strongest persistence and variation over time. These characteristics make them natural
candidates for inclusion in volatility forecasting models and provide preliminary motivation for examining
whether realized kurtosis contributes incremental forecasting information beyond implied variance and
historical volatility persistence.
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Figure 1: Plots of the time series
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Before estimating the volatility forecasting models, we also examine the time-series properties of the
variables using the Augmented Dickey-Fuller (ADF) test. The null hypothesis of the ADF test is that the
series contains a unit root and is therefore nonstationary. Table 1 reports the ADF test statistics which
strongly reject the null hypothesis of a unit root for all variables considered. The ADF test statistics range
from -5.28 for implied variance to -18.13 for daily returns, with all statistics significant at the 0.1% level.
These findings indicate that daily returns, realized volatility, realized higher moments, liquidity measures,
and option-implied volatility measures are stationary over the sample period. The stationarity of the
variables is important for the subsequent forecasting analysis because it reduces concerns regarding
spurious regression results and ensures that the estimated relationships reflect genuine dynamic
interactions rather than common stochastic trends. Consequently, all variables are retained in levels for
empirical analysis without further differencing or detrending.

Table 1: ADF test for stationarity
This table presents t-statistics for the ADF test. The null hypothesis for the ADF tests is that each series
exhibits a unit root. ***, ** and * denote significance at the 0.1%, 1% , 5% level, respectively.

Panel A: S&P 500 Futures ADF Test
R -18.1330%**
LogRV -7.4863***
NRS -16.9334***
NRK -15.4493***
Amihud -17.3432%**
v -5.2796%**
IV RV -10.5471%**

Next, we augment the original HAR model by including lagged daily returns. The regression results are
shown in Table 2. Each HAR component including the previous day realized volatility, weekly and monthly
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components are all highly significant, even after controlling the lagged daily returns. Note that the realized
volatility is positively related to the previous daily, weekly, and monthly realized volatility components,
indicating the presence of strong volatility persistence. Also worth noting is the lagged past returns, which
are not included in the original HAR model, are negatively related to realized volatility, indicating that a
highly negative return will lead to higher future volatility. However, the impact of lagged returns on realized
volatility decays over time and essentially disappears after four days. Although the five-lag specification
achieves a marginally lower Akaike Information Criterion (AIC), it does have a higher Bayesian Information
Criterion (BIC) with almost 6 points (note that BIC does penalize extra parameters). In addition, the fifth
lag of daily returns is statistically insignificant. Moreover, the four-lag return specification yields a lower BIC
and virtually identical adjusted R?. Following the principle of parsimony, we adopt the four-lag specification
(HAR+Ret4) as the benchmark model.

Table 2: HAR model with lagged returns

This table reports the regression result of the original HAR model and augmented models with lagged daily
returns. Coefficients are reported together with Newey-West standard error in parentheses. ***, ** and *
denote significance at the 0.1%, 1% , 5% level, respectively. The parentheses by model indicate the
equations specified in section 3.2.

Variable Model (13) Model (16a) HAR+Ret5 Model (16b)
Original HAR HAR+Ret4
Intercept -0.6154*** -0.7309*** -0.7217***
(0.1103) (0.0892) (0.0890)
HAR_D 0.4212%** 0.2989*** 0.2977***
(0.0224) (0.0228) (0.0230)
HAR_W 0.3847*** 0.4229*** 0.4339***
(0.0322) (0.0309) (0.0302)
HAR_M 0.1348*** 0.2066*** 0.1979***
(0.0253) (0.0228) (0.0216)
DailyRet_L1 -11.8576*** -11.8539***
(1.3129) (1.3111)
DailyRet_L2 -7.1135%** -7.0605***
(0.9567) (0.9480)
DailyRet_L3 -5.7773%* -5.6490***
(0.8832) (0.8583)
DailyRet_L4 -3.1142%** -2.9809***
(0.8703) (0.8680)
DailyRet_L5 -1.2782
(0.7764)
R? 0.6889 0.7053 0.7053
AIC 8917.11 8862.12 8862.51
BIC 8962.77 8927.36 8921.22

Next, normalized realized skewness (NRS), normalized realized kurtosis (NRK) and the Amihud illiquidity
measure are incorporated into the HAR+Ret4 model. Note that NRS measures asymmetry, Amihud
measures illiquidity, and NRK measures tail risk and jump intensity. The results in Table 3 show that the
realized skewness is just marginally important with a p-value slightly higher than 0.05 and the Amihud
illiquidity measure is significant at 5%. Worth noting is the realized kurtosis measure, which is very
significant at 0.1% level, even after controlling for skewness and illiquidity. The data indicates that tail risk
contains most of the incremental information for future volatility, while skewness and illiquidity contribute
little once tail risk is included. This suggests NRK is the dominant realized moment. In terms of the model
fit, among the realized-moment measures, normalized realized kurtosis (NRK) provides the largest
improvement in model fit. Relative to the baseline HAR specification, the NRK produces the largest increase
in adjusted R? and substantial reductions in both AIC and BIC. Although the specifications including NRS,
NRK, and Amihud illiquidity achieve a marginally higher adjusted R?, the gain is economically negligible
and comes at the cost of additional parameters. Moreover, the BIC favors the more parsimonious HAR-

85



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

NRK specification. Consequently, NRK is retained as the primary realized-moment variable in subsequent
analysis.

Table 3: Augmented HAR model with higher moments and Amihud llliquidity

This table reports the regression result of the augmented HAR-RV model with various higher realized
moments and the illiquidity measure included. Coefficients are reported together with Newey-West standard
error in parentheses. ***, ** and * denote significance at the 0.1%, 1% , 5% level, respectively. The
parentheses by model indicate the equations specified in section 3.2.

Variable Model (17) Model (18) Model (19) Model (20)
HAR+Ret4+NRS HAR+Ret4+NRK HAR+Ret4+Amihud HAR+Ret4+All
Intercept -0.7145%** -0.6768*** -0.6664*** -0.6150***
(0.0895) (0.0892) (0.0942) (0.0941)
HAR_D 0.2947*** 0.3230*** 0.2948*** 0.3172%**
(0.0229) (0.0236) (0.0224) (0.0230)
HAR_W 0.4390*** 0.4105*** 0.4359*** 0.4172***
(0.0303) (0.0304) (0.0301) (0.0304)
HAR_M 0.1964*** 0.1928*** 0.2032*** 0.1970***
(0.0217) (0.0213) (0.0214) (0.0212)
DailyRet_L1 -11.1742%* -11.1340%** -11.1930*** -10.6880***
(1.3888) (1.2473) (1.2969) (1.3163)
DailyRet_L2 -7.2005%** -6.6918*** -7.1280*** -6.8795***
(0.9464) (0.9187) (0.9382) (0.9105)
DailyRet L3 -5.6770%** -5.3652*** -5.7557*** -5.4992%**
(0.8589) (0.8738) (0.8570) (0.8693)
DailyRet L4 -2.9858*** -2.8425** -3.0242%** -2.8927***
(0.8663) (0.8732) (0.8662) (0.8693)
NRS L1 -0.0225 -0.0180
(0.0121) (0.0118)
NRK_L1 -0.0164*** -0.0159***
(0.04034) (0.0034)
Amihud_scaled_L1 -1.9673* -1.9100*
(0.8705) (0.8785)
Adjusted R? 0.7054 0.7069 0.7055 0.7073
AIC 8859.97 8834.70 8859.53 8831.04
BIC 8925.21 8899.94 8924.76 8909.31

Next, we consider augmenting the HAR model with implied variance derived from VIX and realized volatility
of the VIX (VIXRV). Table 4 shows that the implied variance derived from VIX level is very significant.
However, the realized volatility of the VIX index is not significant at all, indicating that it is only the level of
VIX rather than the changes of VIX affecting the realized volatility. Thus, the VIX level captures almost all
useful information, which is quite plausible economically. The VIX level already summarizes a huge amount
of information about expected future volatility. The addition of VIXRV produces virtually no improvement in
adjusted R?, while both AIC and BIC increase. In particular, the BIC favors the simpler HAR+Ret4+IV
specification by more than seven points. Consequently, we retain the HAR+Ret4+IV model as the
benchmark specification in subsequent analysis.
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Table 4: Augmented HAR model with VIX components

This table reports the regression result of the augmented HAR model with the implied variance derived from
VIX and realized volatility of VIX. Coefficients are reported together with Newey-West standard error in
parentheses. ***, ** and * denote significance at the 0.1%, 1%, 5% level, respectively. The parentheses by
model indicate the equations specified in section 3.2.

Variable Model (21a) Model (21b)
HAR+Ret4+I1V HAR+Ret4+IV+VIXRV
Intercept -0.0563 -0.1056
(0.1040) (0.1157)
HAR_D 0.2573 *ik o (0.2661%*
(0.0219) (0.0233)
HAR_W 0.3225 *ik o (0.3228**
(0.0283) (0.0282)
HAR_M 0.0193 0.01294
(0.0260) (0.0261)
DailyRet_L1 -8.8260 *rk_8.8642%*
(1.0436) (1.0509)
DailyRet_L2 -5.1210 *rk 5 1303+
(0.8246) (0.8247)
DailyRet L3 -4.1135 wRk o _4,1283**
(0.8254) (0.8253)
DailyRet L4 -2.2335** -2.2454***
(0.8498) (0.8478)
IvV_L1 0.4569*** 0.4554***
(0.0353) (0.0354)
VIXRV_L1 -0.0102
(0.0109)
Adjusted R? 0.7200 0.7200
AIC 8605.72 8606.85
BIC 8670.96 8678.61

The next step is naturally to investigate if the effect of realized kurtosis remains even after controlling for
the implied variance expected by the level of VIX index. As shown in Table 5, after controlling for the implied
variance, we find that realized skewness is not significant at all for all the models considered, nor is the
Amihud illiquidity measure. The small significance of liquidity effects we observed before largely disappears
once option-implied information is included. However, realized kurtosis contains incremental predictive
information about future realized volatility beyond what the level of VIX can provide. The specification
including normalized realized kurtosis (NRK) provides the strongest performance. It achieves the highest
adjusted R? among the parsimonious specifications and yields the lowest AIC and BIC. Adding realized
skewness, Amihud illiquidity, or realized volatility of the VIX produces negligible improvements in model fit
while increasing model complexity. Consequently, the HAR+Ret4+IV+NRK model is selected as the
benchmark specification for subsequent analysis.
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Table 5: augmented HAR-RV model with IV and other variables

This table reports the regression result of the augmented HAR-RV model with realized skewness, kurtosis,
and Amihud illiquidity measure. Coefficients are reported together with Newey-West standard error in
parentheses. *** ** and * denote significance at the 0.1%, 1% , 5% level, respectively. The parentheses
by model indicate the equations specified in section 3.2.

Variable Model (22a) Model (22b) Model (22c¢) Model (22d)
HAR+Ret4+ HAR+Ret4+ HAR+Ret4+ HAR+Ret4+
IV+NRS IV+NRK IV+Amihud IV+AIl
Intercept -0.0544 -0.0249 -0.0240 0.0073
(0.1042) (0.1052) (0.1068) (0.1080)
HAR_D 0.2555*** 0.2803*** 0.2557*** 0.3081***
(0.0218) (0.0227) (0.0214) (0.0228)
HAR_W 0.3263*** 0.3032*** 0.3242%** 0.3081***
(0.0283) (0.0284) (0.0281) (0.0283)
HAR_M 0.0733 0.0660 0.0233 0.0821
(0.0259) (0.0258) (0.0255) (0.0253)
DailyRet_L1 -8.3963*** -8.2278*** -8.8873*** -7.9824***
(1.1281) (1.0222) (1.0402) (1.3163)
DailyRet_L2 -5.2200%** -4.8194*** -5.1708*** -4.9460***
(0.8291) (0.8188) (0.8162) (0.8159)
DailyRet_L3 -4.1380*** -3.8819%** -4.1849%** -3.9734%**
(0.8260) (0.8212) (0.8174) (0.8123)
DailyRet L4 -2.2400%** -2.1208* -2.2633** -2.1563*
(0.8501) (0.8553) (0.8466) (0.8523)
\Y] 0.4551*** 0.4513*** 0.4548*** 0.4479***
(0.0353) (0.0353) (0.0355) (0.0355)
NRS_L1 -0.0146 -0.0180
(0.0113) (0.0111)
NRK_L1 -0.0146*** -0.0142***
(0.0032) (0.0032)
Amihud_scaled_L1 -1.1818 -1.1456
(1.4199) (1.4079)
Adjusted R? 0.7200 0.7213 0.7200 0.7213
AIC 8605.71 8583.32 8605.84 8584.44
BIC 8677.47 8655.08 8677.60 8669.24

Next, we investigate if the tail-risk effect persists beyond one day by comparing three specifications that
incorporate realized kurtosis: a one-lag model (NRK), a five-lag model (NRK5), and a weekly-average
model (NRK_W). The one-lag model (NRK) is essentially the same model we present in Table 3, which is
reported again for the convenience in Table 6. Table 6 shows that NRK5 model has both NRK_L1 and
NRK_L3 significant at the 0.1% level. Therefore, tail-risk information affects future volatility over multiple
days rather than only one day. We also observe a decaying pattern of the tail-risk effect on future volatilities,
as the parameters become less negative from first lag to fifth lag. The joint Wald tests for the five-lag model
were highly significant at the 0.1% significance level. It suggests that realized kurtosis has a persistent
multi-day forecasting effect rather than a one-day anomaly. The five-lag specification delivers the highest
adjusted R? and the lowest AIC among all models considered. Although the weekly-average specification
yields a slightly lower BIC, the difference is modest. Taken together, the results suggest that tail-risk
information persists over multiple days, motivating the use of the HAR+Ret4+IV+NRK5 model as the
primary specification.
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Table 6: Augmented HAR model with lagged Realized Kurtosis

This table reports the regression result of the augmented HAR model with the implied variance expected
from VIX and multiple lagged realized kurtosis. Coefficients are reported together with Newey-West
standard error in parentheses. ***, ** and * denote significance at the 0.1%, 1% , 5% level, respectively.
The parentheses by the model indicate the equations specified in section 3.2.

Variable Model (18) Model (23) Model (24)
HAR+Ret4+IV+NRK HAR+Ret4+IV+NRK5  HAR+Ret4+IV+
NRK W
Intercept -0.0249 -0.0915 -0.0013
(0.1052) (0. 0.10610) (0.1062)
HAR_D 0.2803*** 0.2775 % 0.2603*+*
(0.0227) (0.0219) (0.0219)
HAR_W 0.3032*** 0.3082 Rk (0.3220%*
(0.0284) (0.0285) (0.0282)
HAR_M 0.0660 0.0125 0.0114
(0.0258) (0.0255) (0.0256)
DailyRet_L1 -8.2278*** -8.3332 *hk o _8.7128%*
(1.0222) (1.0157) (1.0229)
DailyRet_L2 -4.8194*** -4.9918 *rk o _4,9920%**
(0.8188) (0.8167) (0.8225)
DailyRet_L3 -3.8819%** -3.6543 ko _3.9486***
(0.8212) (0.8253) (0.8266)
DailyRet_L4 -2.1208* -2.0675* -2.0406***
(0.8553) (0.8764) (0.8609)
IvV_L1 0.4513*** 0.4485*** 0.4536***
(0.0353) (0.0347) (0.0347)
NRK_L1 -0.0146*** -0.0140%**
(0.0032) (0.0031)
NRK_L2 0.0048
(0.0029)
NRK_L3 -0.0143***
(0.0028)
NRK_L4 -0.0032
(0.0028)
NRK_L5 -0.0034
(0.0030)
NRK_W -0.0301***
(0.0067)
Adjusted R? 0.7213 0.7228 0.7213
AIC 8583.32 8560.15 8583.09
BIC 8655.08 8658.00 8654.88

Table 7 reports the in-sample performance of the alternative HAR specifications. Augmenting the baseline
HAR model with lagged returns substantially improves model fit. The adjusted R? increases from 0.6889 to
0.7053, while both AIC and BIC decline sharply. Similarly, augmenting the HAR+Ret4 model with implied
variance also substantially improves model fit. The adjusted R? increases again from 0.7053 to 0.7200, with
both AIC and BIC declining over 250 points. These results confirm that option-implied volatility contains
valuable forward-looking information about future realized volatility. Among the realized moment measures
considered, normalized realized kurtosis (NRK) provides the largest incremental improvement beyond the
HAR+Ret4+IV benchmark. Adding NRK increases the adjusted R? to 0.7213 and further reduces both AIC
and BIC. After incorporating multiple lagged NRK, the model fit improved again. We find that the
HAR+Ret4+IV+NRKS5 specification achieves the highest adjusted R? and the lowest AIC among all models
considered. Although the NRK_W specification yields a slightly lower BIC (3 points lower) due to its more
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parsimonious structure, the overall evidence still favors the NRK5 model. These results indicate that the
predictive content of realized kurtosis extends over multiple trading days rather than being confined to the
most recent observation.

Table 7: In-sample performance of the alternative HAR specifications

Models Adjusted R? AIC BIC

HAR+Ret4+IV+NRK5 0.7228 8560.15 8658.00
HAR+Ret4+IV+ NRK_W 0.7213 8583.09 8654.85
HAR+Ret4+IV+NRK 0.7213 8583.32 8655.08
HAR+Ret4+1V 0.7200 8605.71 8677.47
HAR+Ret4 0.7053 8862.51 8921.22
HAR 0.6889 9129.71 9162.34

Table 8 presents the out-of-sample forecasting results of the various HAR specifications. The
HAR+Ret4+IV+NRK5 model delivers the lowest root mean square error (RMSE), mean absolute error
(MAE), and mean squared error (MSE) among all competing specifications, indicating superior forecasting
performance. Relative to the baseline HAR model, the inclusion of multiple lagged returns, implied variance
and multiple lagged realized kurtosis produces meaningful improvements in forecast accuracy. Thus, the
gains observed in-sample are largely preserved out-of-sample. This finding suggests that the predictive
power of realized kurtosis is not a result of overfitting but instead reflects economically meaningful
information about future volatility dynamics. The HAR+Ret4+IV+NRKW specification also performs well and
yields forecast accuracy close to that of the NRK5 model, providing additional evidence that persistent tail-
risk information contributes to volatility forecasting. Consequently, the HAR+Ret4+IV+NRK5 specification
emerges as the preferred forecasting model.

Table 8: Out-of-sample forecasting of the alternative HAR specifications

Models RMSE MAE MSE

HAR+Ret4+IV+NRK5 0.6805 0.5138 0.4630
HAR+Ret4+IV+NRK_W 0.6814 0.5150 0.4643
HAR+Ret4+IV+NRK 0.6823 0.5154 0.4655
HAR+Ret4+IV 0.6836 0.5168 0.4673
HAR+Ret4 0.7016 0.5266 0.4923
HAR 0.7219 0.5412 0.5212

5. CONCLUSION

This paper shows that realized kurtosis contains persistent incremental information for forecasting realized
volatility beyond the standard HAR framework with improvements demonstrated both in-sample and out-
of-sample. The forecasting contribution of realized kurtosis remains economically and statistically
significant even after controlling for volatility persistence and implied variance derived from option markets.
Furthermore, the predictive effects of realized kurtosis persist across multiple trading days, indicating that
tail-risk information is not fully incorporated into future volatility expectations immediately. In contrast,
realized skewness and the Amihud illiquidity measure provide little additional forecasting information once
realized kurtosis is included in the model. These findings suggest that tail-risk dynamics, rather than return
asymmetry or temporary liquidity fluctuations, represent a key determinant of future volatility in the highly
liquid ES futures market. Our findings have significant financial and economic implications. Economically,
market shocks do not just disappear overnight, and consequently tail events affect volatility for multiple
trading days. Thus, in the highly liquid ES futures market, tail risk is a more persistent and economically
important predictor of future realized volatility than return asymmetry or temporary fluctuations in trading
liquidity.

Our findings provide significant managerial implications for risk managers and option traders. Our results
suggest that relying solely on historical volatility or option-implied volatility may underestimate the
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persistence of market stress following extreme price movements. Risk managers may benefit from
incorporating realized kurtosis into volatility forecasting models to improve stress testing and portfolio risk
monitoring during turbulent market conditions. Likewise, option traders and volatility arbitrage strategies
may benefit from incorporating realized kurtosis when forecasting future realized volatility.

Our research also has several limitations. First, the empirical analysis focuses exclusively on the S&P 500
E-mini futures market. Although the ES contract is among the world's most liquid financial instruments, the
results may not generalize to less liquid assets. Second, this study adopts the HAR framework because of
its simplicity and strong forecasting performance. More flexible nonlinear or machine learning models may
capture additional dynamic relationships that are beyond the scope of this study. Finally, changes in the
global economic and geopolitical environment—including evolving trade, tariff, and tax policies, as well as
international conflicts—may alter market volatility, liquidity conditions, and investor behavior in ways that
differ from the historical sample examined in this study.

Several directions for future research remain. First, it would be useful to examine whether the forecasting
power of realized kurtosis extends to other asset classes, including individual equities, fixed-income
securities, commodities, and cryptocurrencies. Second, future studies could investigate whether the
predictive role of realized kurtosis varies across different market regimes, particularly during periods of
financial stress. Finally, further research may explore whether liquidity measures play a more important role
in forecasting volatility for less liquid assets and markets.
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ABSTRACT

This study examines how established firms reconfigure resources and capabilities under technological
uncertainty by comparing Toyota and Honda’s electric vehicle (EV) strategies. Drawing on Teece’s (2007)
dynamic capabilities framework of sensing, seizing, and transforming, the study adopts a comparative
longitudinal case approach covering 2019-2026. Despite facing broadly similar environmental conditions,
the two firms pursued contrasting strategies. Toyota followed a multi-pathway approach characterized by
gradual capability accumulation, resource recombination, and preservation of technological options. Honda
initially pursued a more concentrated EV strategy involving substantial EV-specific investments and
external partnerships, but subsequently reassessed and redeployed resources as market conditions
changed. The findings suggest that existing resource configurations influence how firms sense
technological change and make resource commitments, while these commitments subsequently shape
their capacity for further reconfiguration. The study highlights the recursive relationship between dynamic
capabilities and resource configuration under technological uncertainty.

Keywords: Dynamic Capability, EV Industry, Toyota, Honda

1. INTRODUCTION

The electric vehicle (EV) industry is characterized by a high degree of technological uncertainty and
frequent changes in market and regulatory conditions. This paper examines how two major Japanese
automobile manufacturers, Toyota and Honda, have responded differently to the transition toward electric
vehicles despite facing broadly similar environmental conditions. The two firms provide a particularly
suitable basis for comparative analysis. Both are long-established Japanese automobile manufacturers with
extensive international operations, strong engineering and manufacturing capabilities, globally recognized
brands, and substantial experience in vehicle electrification. Despite these similarities, however, Toyota
and Honda have differed in the timing, direction, and degree of their commitments to EVs and in the ways
in which they have developed, acquired, and deployed resources in response to the transition.

The comparison of Toyota and Honda therefore provides an opportunity to address a broader strategic
question: why and how do established firms facing similar environmental changes differ in the ways they
reconfigure their resources and capabilities in response to technological uncertainty? To address this
guestion, this paper adopts the dynamic capabilities perspective as its primary theoretical framework
(Teece, Pisano, and Shuen, 1997). In particular, the analysis draws on Teece's (2007) framework of
sensing, seizing, and transforming to examine how Toyota and Honda have interpreted changes in the EV
environment, made strategic commitments in response to perceived opportunities and threats, and
subsequently reconfigured their existing and newly acquired resources and capabilities.

The study adopts a comparative longitudinal case approach covering the period from 2019 to 2026 and is
based primarily on archival data. Primary archival sources include Toyota's and Honda's annual and
integrated reports, strategy briefings, press releases, investor presentations, and other corporate
disclosures. These materials provide information on the firms' strategic objectives, technological priorities,
investment decisions, partnerships, and organizational changes. To complement and triangulate company-
provided information, secondary data were collected from major international and Japanese business
publications, including Nikkei Asia, The Wall Street Journal, Bloomberg, and the Financial Times.
Government and industry sources, including publications and statistics from Japan's Ministry of Economy,
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Trade and Industry (METI), Ministry of Land, Infrastructure, Transport and Tourism (MLIT), and Japan
Automobile Manufacturers Association (JAMA), were also consulted to establish the broader institutional
and market context. The use of multiple independent sources allows major strategic decisions and changes
in corporate direction to be cross-checked and traced over time, thereby providing a longitudinal basis for
comparing the two firms' processes of resource reconfiguration.

Through this comparative analysis, the paper seeks to contribute to the dynamic capabilities literature by
examining how differences in firms' existing resource configurations and strategic responses may generate
distinct pathways of resource reconfiguration even when firms confront broadly similar environmental
conditions (Eisenhardt and Martin, 2000). More specifically, the Toyota—Honda comparison provides an
opportunity to examine how inherited resources may influence the ways in which firms sense technological
change and seize emerging opportunities, while the resulting strategic commitments subsequently shape
their ability to transform and reconfigure their resource bases.

2. PRIOR RESEARCH ON DYNAMIC CAPAPBILITY AND AUTOMOBILE INDUSTRY

Building on, but extending, the resource-based view of the firm, Teece, Pisano, and Shuen (1997) define
dynamic capabilities as a firm's ability to integrate, build, and reconfigure internal and external competences
to address rapidly changing environments. Subsequent research has further elaborated the processes
through which such adaptation occurs. Eisenhardt and Martin (2000) conceptualize dynamic capabilities as
identifiable organizational and strategic processes, such as product development, strategic decision
making, alliance formation, and resource allocation, through which firms integrate, acquire, and reconfigure
resources. Helfat and Peteraf (2003) emphasize that organizational capabilities evolve through different
stages of development, maturity, transformation, and decline.

Teece (2007) further develops the dynamic capabilities perspective by disaggregating dynamic capabilities
into three fundamental clusters: sensing, seizing, and transforming. In rapidly changing environments,
possessing valuable resources alone is insufficient; firms must continually create, extend, upgrade, protect,
and reconfigure their asset bases. Sensing refers to identifying and interpreting technological
developments, changing customer needs, competitive threats, and emerging opportunities. It involves
processes of scanning, searching, learning, and interpreting developments both within and outside the
firm's existing technological and market domains. Firms exposed to similar environmental signals may
nevertheless interpret their significance differently because managerial cognition, prior experience, and
existing technological positions affect how opportunities and threats are perceived.

Once an opportunity or threat has been sensed, the firm must seize it through strategic choices and
resource commitments. Seizing involves decisions concerning investments in technologies, products,
business models, organizational arrangements, and complementary assets. Such decisions become
particularly difficult under technological uncertainty because several competing technological trajectories
may coexist and their future commercial viability may remain unclear. Firms must therefore decide not only
which opportunities to pursue, but also when and how extensively to commit their resources. Teece (2007)
notes that firms with strong positions in complementary assets may sometimes possess greater ability to
delay commitment, while firms in less favorable positions may have stronger incentives to act rapidly.
Consequently, firms that sense essentially the same technological transition may make substantially
different strategic commitments.

Finally, transforming involves the continuous renewal and reconfiguration of the firm's resource and
capability base as technologies and markets evolve. Existing resources can both facilitate and constrain
these processes. Technological knowledge, manufacturing capabilities, complementary assets, and
organizational experience provide foundations for adaptation, while path-dependent routines and
commitments to established technologies may inhibit radical transformation. Teece (2007) observes that
established capabilities, complementary assets, and administrative routines can bias incumbent
organizations against radical innovation even after emerging opportunities have been recognized.

94



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

The dynamic capabilities perspective has increasingly been applied to the transformation of the automobile
industry. Teece (2019), for example, analyzes the emergence of electric, connected, shared, and
autonomous mobility as simultaneous paradigm shifts and argues that sensing and sensemaking
capabilities are particularly important under the resulting deep uncertainty. His analysis also emphasizes
the importance of complementary assets and the capacity of both incumbent and emerging Chinese firms
to develop new capabilities. Research on incumbent automakers similarly finds that the transformation
requires multiple dynamic capabilities for determining and executing new strategies rather than merely
acquiring individual new technologies (Hoeft, 2020). Knobbe and Proff (2020), examining automotive
suppliers under digitalization, identify different patterns through which firms activate sensing, seizing, and
reconfiguration capabilities, suggesting substantial heterogeneity in adaptation even within the same
industry.

Research specifically addressing electrification provides further support for this view. Loder, Rinscheid, and
Wistenhagen's (2024) comparative study of German automobile manufacturers finds substantial
differences in how incumbent firms perceive the opportunities and risks associated with electric mobility.
Their analysis connects these differences in sensing capabilities to managerial cognitive frames, prior
technological experience, network embeddedness, and leadership. Collectively, these studies demonstrate
the usefulness of dynamic capabilities for explaining automobile-industry transformation, while also
indicating that incumbent firms exposed to the same technological disruption can differ considerably in how
they interpret change and mobilize resources in response. However, dynamic capability view, which was
applied in German and Chinese auto industry, has not been adopted in Japanese automobile industry yet.

The sensing-seizing—transforming framework may provide an appropriate theoretical lens for comparing
Toyota and Honda's responses to the EV transition as it was applied in other national settings such as
Germany and China (Loder, Rinscheid & Wistenhagen, 2024; Teece, 2007). The analysis that follows
examines how the two firms have sensed changes associated with electrification, seized emerging
opportunities through different technological choices, investments, and partnerships, and transformed their
resource bases through the development, acquisition, combination, and redeployment of resources and
capabilities. The comparison thereby seeks to explain why two incumbent automobile manufacturers
operating under broadly similar environmental conditions may develop different pathways of resource
reconfiguration.

3. THE EV TRANSITION IN TOYTA AND HONDA

Toyota and Honda entered the recent transition toward electric vehicles from broadly similar positions as
established Japanese automobile manufacturers with strong technological, manufacturing, and brand
resources. Both firms had accumulated substantial experience in vehicle electrification, particularly through
hybrid electric vehicles (HEVs), before the rapid expansion of the global battery electric vehicle (BEV)
market. They also faced a common Japanese policy environment that promoted electrification while
allowing multiple technological pathways: the Japanese government's objective of achieving 100 percent
electrified new passenger-car sales by 2035 includes HEVs, PHEVs, BEVs, and fuel-cell vehicles rather
than requiring an exclusively BEV transition (Ministry of Economy, Trade and Industry [METI], 2023).
Despite these common conditions, Toyota and Honda differed considerably in how they interpreted the
pace and direction of the EV transition and, consequently, in the timing and nature of their resource
commitments.

3.1 Toyota: A Multi-Pathway Approach to Electrification

Toyota entered the EV transition with an unusually strong legacy position in hybrid technology, developed
through more than two decades of experience following the introduction of the Prius in 1997. Rather than
treating BEVs as the only viable route toward carbon neutrality, Toyota maintained what it termed a “multi-
pathway” strategy encompassing HEVs, PHEVs, BEVs, fuel-cell vehicles, and other powertrain
technologies. Independent reporting consistently characterized Toyota's approach as more cautious toward
an EV-only transition than that of many global competitors (Reuters, 2024a, 2024b).
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This position did not, however, imply an absence of substantial investment in BEVs. Toyota sharply
increased its stated BEV ambitions in December 2021, announcing a target of 30 BEV models and 3.5
million annual BEV sales globally by 2030, accompanied by substantial planned investment in electrification
and batteries (Toyota Motor Corporation, 2021). The announcement represented a significant increase from
Toyota's earlier plans, while retaining HEVs, PHEVSs, and fuel-cell vehicles within the broader electrification
portfolio. Thus, Toyota's increasing commitment to BEVs was embedded within, rather than substituted for,
its existing multi-technology strategy.

A further acceleration occurred after Koji Sato became president in 2023. Toyota created a dedicated BEV
Factory organization and announced next-generation BEVs to be introduced from 2026. According to
Reuters, the new unit was expected to account for approximately 1.7 million vehicles by 2030, or roughly
half of Toyota's previously announced 3.5-million-unit BEV target (Reuters, 2023a). The company
simultaneously announced technological changes in vehicle design, manufacturing processes, and
batteries intended to improve the competitiveness of its next-generation BEVs. These developments
suggest that Toyota was progressively establishing organizational and technological resources specifically
oriented toward BEVs even while preserving its broader powertrain portfolio.

Battery technology became a particularly important area of resource development. Toyota pursued multiple
battery technologies intended for different vehicle segments and price-performance requirements, including
lithium-ion, lower-cost bipolar lithium iron phosphate, and all-solid-state batteries. Of particular relevance
from a resource-reconfiguration perspective, Toyota sought to transfer bipolar battery technology already
developed for hybrid vehicles into its future BEVs (Toyota Motor Corporation, 2023a). The company also
partnered with Idemitsu Kosan to develop mass-production technology and supply capabilities for solid
electrolytes used in all-solid-state batteries (Toyota Motor Corporation & Idemitsu Kosan, 2023). These
initiatives illustrate Toyota's combination of internal capability development, recombination of existing
electrification knowledge, and selective acquisition of complementary external capabilities.

Toyota also progressively expanded its battery manufacturing resources in North America. Its North
Carolina battery facility, initially announced in 2021, received successive increases in investment as Toyota
expanded its electrification plans (Reuters, 2021; Reuters, 2023b). By October 2023, Toyota had
announced an additional $8 billion investment, bringing planned investment in the facility to approximately
$13.9 billion. Importantly, four of the plant's six planned production lines were intended to support hybrid
vehicles and two to support BEVs. This configuration is significant because the investment strengthened
Toyota's battery capabilities without making the entire facility dependent on a rapid transition to BEVs. The
plant began production in 2025 as Toyota simultaneously expanded hybrid production in North America
(Reuters, 2025).

Developments in the global EV market after 2023 increased the strategic importance of this flexibility. As
the pace of BEV adoption moderated in some major markets, Toyota benefited from strong demand for
hybrids. Reuters reported in early 2024 that Toyota's multi-pathway strategy, previously criticized for being
too cautious toward BEVs, was benefiting from consumer concerns about EV prices, driving range, and
charging infrastructure (Reuters, 2024a). By mid-2024, hybrids accounted for 37 percent of Toyota's sales,
compared with only 9 percent in 2018, and Toyota was increasingly moving major models toward hybrid-
only offerings in the U.S. market (Reuters, 2024c). The Financial Times similarly characterized Toyota's
continued investment in efficient combustion engines for hybrid applications as part of a broader diversified
approach at a time when EV demand was developing less rapidly than some manufacturers had anticipated
(Financial Times, 2024).

Toyota's EV transition can therefore be characterized as progressive resource accumulation combined with
technological portfolio preservation. Rather than replacing its existing hybrid and manufacturing capabilities
with an exclusively BEV-oriented resource base, Toyota continued exploiting these established resources
while developing additional capabilities in BEVs, batteries, software, and new manufacturing technologies.
Its approach consequently left a relatively large proportion of its resource base applicable across alternative
powertrain trajectories.
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3.2 Honda: Accelerated Commitment and Subsequent Reassessment

Honda entered the same transition with substantial engineering and hybrid capabilities but initially
articulated a more concentrated long-term commitment to BEVs. In 2022, Honda announced plans to
launch 30 EV models globally and achieve annual EV production of more than two million units by 2030,
while allocating approximately ¥5 trillion over ten years to electrification and software technologies (Honda
Motor Co., 2022a). This commitment formed part of Honda's longer-term objective of making BEVs and
fuel-cell electric vehicles account for 100 percent of global automobile sales by 2040.

A notable feature of Honda's initial approach was the extensive use of external partnerships to accelerate
access to capabilities it did not intend to develop entirely in-house. Honda expanded its relationship with
General Motors in 2022 to co-develop affordable EVs based on a new architecture using GM's Ultium
battery technology, with mass-market vehicles initially expected from 2027 (Reuters, 2022a). The
collaboration complemented Honda's earlier arrangement under which GM would produce the Honda
Prologue and an Acura EV using its EV technology. The proposed mass-market collaboration was
subsequently abandoned in 2023 as the partners concluded that the business case had become difficult,
illustrating the uncertainty surrounding the economics of affordable EV development (Reuters, 2025a).

Honda simultaneously invested heavily in battery capabilities and supply relationships. Its North American
strategy included a battery joint venture with LG Energy Solution and the development of an EV
manufacturing hub in Ohio. Rather than relying exclusively on external battery procurement, Honda sought
to establish dedicated regional production capacity closely integrated with its future EV manufacturing
system. These commitments were part of a broader attempt to construct an EV-specific resource base
rather than merely add individual electric models to its existing product portfolio.

Honda also looked beyond the traditional automobile industry for capabilities associated with increasingly
software-defined vehicles. In 2022, Honda and Sony established Sony Honda Mobility, combining Honda's
vehicle engineering and manufacturing capabilities with Sony's strengths in software, entertainment,
sensing, and digital technologies. Independent reporting described the venture as an effort to combine
Honda's automotive expertise with Sony's software and gaming capabilities to compete with emerging EV
rivals. The resulting AFEELA project therefore represented not simply a new EV model but an attempt to
construct a new configuration of complementary automotive and digital resources.

Honda's EV commitment intensified considerably in 2024. The company announced that it would
approximately double planned investment in electrification and software to ¥10 trillion through fiscal 2031.
The strategy included a new generation of Honda 0 Series EVs, greater software-development capability,
lower battery procurement costs, and more integrated EV production processes. Honda planned seven
models in the 0 Series by 2030 and sought to reduce North American battery procurement costs by more
than 20 percent and production costs by approximately 35 percent. These commitments indicate that
Honda's strategy had moved beyond experimental EV development toward a substantial reconfiguration of
its technological and manufacturing resource base.

The most visible manifestation of this commitment was Honda's proposed comprehensive EV value chain
in Ontario, Canada. In April 2024, Honda announced plans for approximately C$15 billion in investment,
including investments by joint-venture partners, covering EV assembly, battery production, cathode
materials, and separators. Reuters characterized the project as Honda's largest-ever investment in Canada
and reported planned annual capacity of approximately 240,000 EVs and 36 GWh of batteries. The project
represented an effort to develop an integrated regional EV resource system rather than depend extensively
on imported batteries and components. In contrast to Toyota's North Carolina battery investment, much of
which supported multiple electrified powertrains, Honda's Canadian initiative was explicitly structured
around an anticipated large-scale expansion of BEVs.

By 2025, however, Honda's assessment of the market had changed substantially. Slower-than-anticipated

EV demand, changes in government policies, and continued uncertainty over the speed of electrification
led the company to reduce planned electrification and software investment by approximately 30 percent,
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from ¥10 trillion to ¥7 trillion. Honda also abandoned its expectation that EVs would represent 30 percent
of automobile sales in 2030 and increased its emphasis on hybrids, planning 13 new hybrid models and
targeting substantially higher hybrid sales by the end of the decade (Reuters, 2025b). The C$15 billion
Canadian EV project was postponed for approximately two years, explicitly reflecting the slowdown in the
EV market (Associated Press, 2025).

Honda's reassessment became still more pronounced in 2026. A broader reversal of EV commitments
among global incumbent manufacturers produced large industry-wide write-downs as automakers
responded to weaker-than-expected EV demand in the United States and Europe, changing regulatory
support, and intense competition from Chinese manufacturers. Honda announced restructuring charges
that could reach approximately ¥2.5 trillion as it scaled back its EV strategy and shifted greater attention
toward hybrids (Reuters, 2026a). The adjustment was therefore not an isolated product decision but
represented a significant reconsideration of resources previously committed to an anticipated EV-centered
transition.

The strategic reversal also affected resources organized outside Honda's formal boundaries. In March
2026, Sony Honda Mobility discontinued development and planned launch of the AFEELA 1 and its second
model after Honda's EV-strategy reassessment meant that technologies and assets originally expected
from Honda would no longer be available as planned (Sony Group Corporation, Honda Motor Co., & Sony
Honda Mobility, 2026). Reuters subsequently reported that the Sony-Honda venture would scale down its
operations (Reuters, 2026b). The episode illustrates how strategic reconfiguration can become more
complicated when resources and capabilities are distributed across organizational boundaries and jointly
committed to a particular technological trajectory.

Honda's trajectory can therefore be characterized as accelerated resource commitment followed by
substantial reassessment and redeployment. The firm initially sought to construct a relatively EV-specific
resource configuration through internal development, major manufacturing investments, and extensive
external partnerships. When its expectations concerning the speed and economics of the EV transition
changed, Honda demonstrated a willingness to reverse some previous commitments, absorb substantial
adjustment costs, and redirect resources toward hybrids and other technologies. The contrast with Toyota
is thus not simply one of greater versus lesser commitment to EVs, but of different patterns in the timing,
specificity, and reversibility of resource commitments under technological uncertainty.

4. COMPARATIVE ANALYSIS OF DYNAMIC CAPABILITIES AND RESOURCE RECONFIGURATION

The different trajectories of Toyota and Honda can be interpreted through Teece's (2007) distinction among
sensing, seizing, and transforming capabilities. Both firms recognized electrification as a major
technological transition and invested substantially in new technologies. Their differences lie less in whether
they recognized the EV opportunity than in how they interpreted uncertainty, how strongly and when they
committed resources, and how they structured the transformation of their existing resource bases.

4.1 Sensing: Different Interpretations of the Same Technological Transition

Sensing involves more than detecting the existence of a technological change. It requires managers to
interpret its direction, timing, market potential, and relationship to other technological trajectories. Teece
(2007) emphasizes that firms facing the same information can interpret opportunities differently because
sensing involves managerial judgment under uncertainty.

Both Toyota and Honda clearly sensed electrification as an important long-term development. The principal
difference concerned their assessment of the speed and technological concentration of the transition.
Toyota consistently interpreted electrification as a technologically plural process. Its strategy treated BEVs
as increasingly important but retained HEVs, PHEVs, and fuel cells as alternative means of achieving
carbon reduction under heterogeneous infrastructure and market conditions. Even while announcing
ambitious BEV investments, Toyota emphasized consumer choice and uncertainty over which technologies
would dominate in different markets.
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Honda's sensing process led to a stronger initial conclusion about the future centrality of BEVs. Its
commitment to 100 percent BEV/FCEV automobile sales by 2040, plans for more than two million EVs
annually by 2030, and large-scale EV-specific manufacturing and battery investments indicate that Honda
interpreted the transition as requiring a relatively rapid strategic repositioning. The subsequent EV
slowdown, regulatory changes, and intensified Chinese competition forced Honda to revise this
interpretation. By 2025 and particularly 2026, Honda explicitly acknowledged that assumptions underlying
its earlier EV strategy had changed. Its decision to reduce EV investment, expand hybrids, and cancel three
major North American EV programs can therefore be viewed as an act of re-sensing rather than simply
strategic retreat.

The comparison suggests that sensing capabilities should not be evaluated solely according to how rapidly
firms recognize a technological opportunity. Under high uncertainty, sensing also involves judging the pace
of transition and preserving the ability to update initial interpretations as new information emerges.

Proposition 1. Under conditions of high technological uncertainty, firms' existing resource configurations
influence not only which technological opportunities they sense, but also their assessment of the timing and
pace with which those opportunities should be pursued.

This proposition extends the role of existing resources beyond providing inputs for strategic action. Toyota's
large hybrid resource base made continued exploitation of multiple powertrain technologies economically
and technologically viable and may therefore have reinforced a more gradual interpretation of the BEV
transition. Honda's different resource and strategic position contributed to a stronger commitment to
constructing a new EV-centered configuration.

4.2 Seizing: Portfolio Preservation versus Concentrated Commitment

The largest difference between Toyota and Honda becomes visible in seizing. Once opportunities are
recognized, seizing concerns decisions about technologies, investment timing, product architectures,
alliances, and complementary assets.

Toyota's resource commitments were substantial but comparatively diversified. The firm expanded BEV
models, created a dedicated BEV organization, developed next-generation software and batteries, and
invested heavily in battery production. At the same time, it continued expanding hybrid systems and
developing fuel-cell technologies. Many investments, particularly in battery manufacturing, could support
multiple electrified powertrains. Toyota's North Carolina battery plant, for example, was designed to supply
HEVs, PHEVs, and BEVs rather than being dependent exclusively on rapid BEV growth.

This strategy can be interpreted as option-preserving resource commitment. Toyota committed enough
resources to develop significant BEV capabilities but retained resources that would remain economically
useful if the transition proceeded more slowly or differently than expected. Its large hybrid business also
generated continuing returns while BEV technology and demand evolved.

Honda's seizing process initially involved relatively more EV-specific commitments. Honda established
dedicated EV platforms, the Honda 0 Series, an EV Hub, battery joint ventures, plans for a vertically
integrated Canadian EV value chain, and multiple partnerships designed specifically to accelerate EV and
software capability acquisition. This strategy potentially allowed Honda to accelerate the closing of
capability gaps. Partnerships with GM, LG Energy Solution, Sony, CATL, GS Yuasa, and other firms gave
Honda access to resources that would have been costly and time-consuming to develop independently. In
dynamic-capability terms, Honda actively orchestrated external resources rather than limiting
transformation to internal capability development.

However, concentrated commitment also increased exposure to changes in the expected technological

trajectory. When EV growth slowed, some dedicated resources became difficult to redeploy without
substantial costs. Honda's 2026 cancellation of three North American EV models and subsequent
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restructuring illustrates the potential downside of early commitment under uncertainty. This leads to a
second proposition:

Proposition 2. Under high technological and market uncertainty, resource commitments that preserve
applicability across multiple technological trajectories provide greater strategic adaptability than highly
technology-specific commitments, although potentially at the cost of slower initial specialization.

This proposition does not imply that diversified commitment is universally superior. If BEV adoption had
accelerated more rapidly, Honda's earlier concentrated investments might have generated first-mover and
learning advantages, while Toyota's cautious portfolio approach could have produced competitive delay.
The relative value of the two approaches therefore depends partly on how uncertainty is eventually
resolved.

4.3 Transforming: Recombination versus Substitution and Reversal

The cases also reveal different patterns of transforming. Both companies developed new resources, but
they differed in the relationship between new capabilities and their legacy resource bases. Toyota's
transformation largely involved resource recombination. Rather than replacing its established electrification,
manufacturing, and supply-chain capabilities, Toyota attempted to combine them with new BEV, battery,
and software capabilities. Knowledge developed through hybrids—battery durability, electric motors, power
electronics, energy management, and manufacturing—could partly be redeployed toward BEVs. Similarly,
Toyota adapted bipolar battery technologies previously used in hybrids for lower-cost BEV batteries.

The result was an evolutionary form of transformation in which established resources continued to generate
value while new resources accumulated around them. Toyota's organization did undergo structural change,
including creation of BEV Factory and stronger integration with Woven by Toyota, but the new organization
remained embedded within a broader multi-powertrain strategy.

Honda's transformation involved a larger element of resource augmentation and substitution. Because it
sought to move relatively rapidly toward a BEV-centered future, Honda obtained capabilities externally
where its existing resource configuration appeared insufficient. The GM relationship supplied an initial EV
platform; LG Energy Solution supplied battery production capabilities; Sony contributed digital and sensing
technologies; and other partnerships supplemented battery materials and software capabilities. External
resource orchestration can be an effective dynamic capability. Teece (2007) explicitly recognizes that firms
operating in rapidly changing technological environments must integrate internally and externally generated
innovations. However, extensive reliance on cospecialized external relationships may also increase
reconfiguration complexity when strategy changes. The adjustment of Sony Honda Mobility following
Honda's 2026 reassessment demonstrates that changes to one firm's resource commitments can alter the
value and viability of resources organized across firm boundaries.

Honda's subsequent shift back toward HEVs demonstrates another important feature of transforming
capabilities: transformation is not necessarily unidirectional. Dynamic capability may require reversing
previous resource commitments, accepting sunk costs, and redeploying assets when new information
changes the expected value of alternative strategies. Honda's decision to convert part of its joint-venture
battery capacity toward hybrid batteries is a concrete example of physical asset redeployment following
strategic re-sensing. This suggests:

Proposition 3. The greater the specificity and interdependence of resources created for an emerging
technological trajectory, the greater the cost and organizational complexity of subsequent resource
reconfiguration when that trajectory changes.

This proposition connects dynamic capabilities with the characteristics of the resources being transformed.

The ability to transform is not independent of prior seizing decisions: strategic commitments made during
one period shape both the opportunities and constraints facing future transformation.
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4.4 Dynamic Capabilities as a Recursive Process
Taken together, the Toyota and Honda cases suggest that sensing, seizing, and transforming should not
necessarily be understood as a simple linear sequence. Instead, they form a recursive process. The
process can be represented in <Figure 1> below

<Figure 1> Existing Resource Configuration
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Toyota's experience illustrates relatively continuous iteration within this cycle. Its resource configuration
supported several electrification trajectories; changing market information altered the allocation of
resources among them without requiring a fundamental reversal of the overall strategic architecture.

Honda's experience exhibits a more pronounced cycle. Initial sensing generated a strong EV commitment;
seizing produced substantial EV-specific resources and partnerships; subsequent changes in demand,
regulation, and competition generated re-sensing; and the firm then began transforming the previously
constructed resource configuration through cancellations, redeployment, and renewed investment in
hybrids.

The comparison therefore highlights an important distinction between possessing resources that enable
adaptation and configuring resources in ways that preserve future adaptability. Dynamic capabilities
concern not merely the speed with which firms change, but also the design of resource commitments that
allow further change when environmental uncertainty remains unresolved.

5. DISCUSSION AND CONCLUSION

This study has examined how Toyota and Honda, two incumbent Japanese automobile manufacturers
exposed to broadly similar technological and institutional conditions, adopted different approaches to
resource reconfiguration during the transition toward electric vehicles. Using Teece's (2007) sensing—
seizing—transforming framework, the analysis suggests that differences between the two firms emerged not
because one recognized electrification while the other failed to do so, but because they interpreted the
timing, pace, and technological concentration of the transition differently and consequently made different
resource commitments.

Toyota pursued a multi-pathway strategy in which existing hybrid, manufacturing, and supply-chain
capabilities remained central while new BEV, battery, and software capabilities were progressively added.
Honda adopted a relatively more concentrated approach to BEV transformation, investing heavily in EV-
specific products, manufacturing systems, battery value chains, software, and external partnerships. When
the expected pace of EV adoption changed, Honda subsequently undertook a significant reassessment
and reallocation of resources toward hybrids while reducing several earlier EV commitments.

The comparison provides several implications for the dynamic capabilities literature. First, existing resource

configurations may influence the exercise of dynamic capabilities at an earlier stage than is sometimes
assumed. Resources are commonly viewed as the objects that dynamic capabilities integrate or
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reconfigure. The Toyota—Honda comparison suggests that existing resources may also shape managerial
sensing itself. Firms possessing different technological knowledge, complementary assets, market
positions, and organizational histories may interpret the same external technological signals differently.
Resource configuration is therefore both an antecedent and an outcome of dynamic capabilities.

Second, the cases draw attention to strategic flexibility in the seizing process. Seizing is commonly
associated with commitment to promising opportunities. Under deep technological uncertainty, however,
an equally important managerial capability may be determining the appropriate degree of commitment.
Toyota's multi-pathway approach can be interpreted as maintaining technological options while
accumulating BEV capabilities. Honda's experience demonstrates the potential advantages and costs of
stronger commitment: early specialization can accelerate learning and capability building, but highly specific
resource investments become more costly to reverse when technological or regulatory expectations
change.

Third, the comparison suggests that transforming includes both forward capability creation and the reversal
or redeployment of previous commitments. Honda's reduction of EV investments, cancellation of models,
restructuring of partnerships, and conversion of part of planned EV battery resources toward hybrids are
not outside the dynamic-capabilities framework. Rather, they illustrate the difficult process of
reconfiguration after earlier strategic assumptions change. Strong dynamic capabilities should therefore not
be equated with unwavering commitment to an initial technological strategy.

These observations lead to a broader implication. In environments characterized by high technological
uncertainty, the effectiveness of dynamic capabilities may depend partly on whether firms create resource
configurations that maintain what may be called reconfiguration flexibility - the capacity to alter the direction,
timing, and intensity of strategic commitments without destroying excessive amounts of previously created
value. Resources that are useful across several technological trajectories may provide firms with greater
adaptability, whereas highly cospecialized resources can generate greater performance if the anticipated
trajectory materializes but larger adjustment costs if it does not.

The Toyota and Honda cases also have managerial implications for other incumbent manufacturers
confronting technological disruption. Managers need not choose simply between defending legacy
technologies and abandoning them in favor of emerging technologies. Existing capabilities may serve as
complementary resources for developing new businesses and may provide financing, technological
knowledge, manufacturing expertise, or strategic flexibility during periods of transition. At the same time,
excessive reliance on successful legacy resources can create inertia, as Teece (2007) warns. The
managerial challenge is therefore to distinguish resources that constrain adaptation from resources that
can be recombined to support it.

This study is subject to several limitations. The analysis is based on two firms from a single national setting
and therefore cannot establish whether the observed patterns apply broadly across industries or countries.
Moreover, the EV transition remains ongoing. Toyota's multi-pathway strategy may appear well suited to
the current period of uneven EV adoption, but a rapid future acceleration of BEVs could alter the relative
advantages of the two strategies. Similarly, Honda's recent reassessment is too recent to evaluate its long-
term consequences. The propositions developed here should therefore be regarded as theory-building
arguments that require further examination through larger comparative samples and longitudinal empirical
analysis.

In conclusion, the Toyota—Honda comparison suggests that adaptation to technological disruption cannot
be understood simply as a question of whether firms possess dynamic capabilities. Firms may possess
meaningful sensing, seizing, and transforming capabilities while exercising them in fundamentally different
ways. The configuration of inherited resources affects how firms interpret change; their interpretation affects
how they commit resources; and those commitments subsequently shape their ability to reconfigure again.
Dynamic capabilities and resource configuration are therefore closely intertwined in a continuing, recursive
process. The capacity to succeed under technological uncertainty may depend not only on the ability to
transform resources, but also on the ability to configure them today without unnecessarily constraining
tomorrow's strategic choices.
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ABSTRACT

Online accommodation platforms have become increasingly popular and have changed how people
experience lodging reservation services. These platforms are not only used for online booking but also
provide digital features such as online payments, digital check-in, instant communication with hosts, and
online review systems. As the use of digital check-in continues to grow, understanding how customers
perceive this feature has become increasingly important. Despite its growing adoption, limited research has
specifically examined customer perceptions of digital check-in services within online accommodation
platforms. This paper addresses this gap by proposing a Digital SERVQUAL (D-SERVQUAL) framework
that extends the traditional SERVQUAL model by integrating technology-enabled service quality
dimensions relevant to digital check-in. The proposed framework may also help accommodation providers
better understand customer perceptions of digital check-in when evaluating investments in digital services
and their potential value to the organization.

Keywords: Digital Services, hospitality, quality, online accommodation

1. INTRODUCTION

The rapid development of digital services in the hospitality industry has transformed service delivery
(Dominguez et al., 2026; Lee, 2016; Lema, 2009). This transformation has enabled accommodation
platforms to evolve beyond reservation services to support multiple stages of customer experience. In
addition to reservation services, these platforms now provide technology-enabled functions such as online
payments, digital check-in and check-out, instant online chatbox, and online review systems (Askenazy &
Bourgeois, 2026; Buhalis & Leung, 2018; Dominguez et al., 2026; Meuter et al., 2000). These digital
features have become increasingly important in shaping customer experience and repurchase intentions
among users of online accommodation platforms (Gummerus et al., 2019; Liang et al., 2018; Mao & Lyu,
2017).

Among the changes in technology-related services, digital check-in represents a significant shift in service
delivery by transforming the traditional in-person check-in process into a digital service experience. Digital
check-in reduces dependence on direct interactions with service personnel and may contribute to
operational efficiency. Although digital check-in is expected to improve customer convenience, little is
known about how customers perceive these changes in service delivery. This shift raises important
questions about how customers evaluate service quality in digital hospitality environments.

Although the SERVQUAL model has been extensively applied to evaluate service quality within the
hospitality industry, its original dimensions were developed in the context of traditional face-to-face service
encounters. These dimensions may not fully capture customers' evaluations of technology-enabled service
experiences. Similarly, while the Technology Acceptance Model (TAM) explains users' acceptance of digital
technologies through perceived usefulness and perceived ease of use, it does not directly assess service
quality from a hospitality perspective.

Research on online accommodation platforms has primarily focused on overall technology acceptance,
customer satisfaction, and repurchase intentions (Liang et al., 2018; Mao & Lyu, 2017; Minh et al., 2015;
Venkatesh et al., 2012; Meuter et al., 2000; Tang et al., 2026). Less attention has been given to customer
perceptions of digital check-in as a distinct service encounter within these platforms. Digital check-in
represents more than a technological function; it is a service touchpoint that influences customers'
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evaluations of convenience, efficiency, reliability, and trust. Therefore, there is a need for a conceptual
framework that integrates both service quality and technology acceptance perspectives to better
understand customer perceptions of digital check-in.

This paper proposes that understanding customer perceptions of digital check-in requires the integration of
both service quality and technology acceptance perspectives. The study adapts the traditional SERVQUAL
framework into a Digital SERVQUAL (D-SERVQUAL) model that incorporates technology-related service
characteristics. This study provides a conceptual framework for examining how customers perceive digital
check-in and how these perceptions contribute to service quality and customer satisfaction in online
accommodation platforms.

2. THEORETICAL PARADIGM AND LITERATURE REVIEW

This section reviews the theoretical foundations and relevant literature that underpin the proposed Digital
SERVQUAL (D-SERVQUAL) framework for examining customer perceptions of digital check-in in online
accommodation platforms. It includes perspectives from the SERVQUAL model, the Technology
Acceptance Model (TAM), and Self-Service Technology (SST) theory to explain how customers evaluate
technology-enabled service encounters. The section also synthesizes existing research on digital
hospitality services and identifies the research gap that justifies the development of a Digital SERVQUAL
framework tailored to digital check-in.

The SERVQUAL model is one of the most widely applied frameworks for evaluating service quality in
hospitality research. Developed by Parasuraman et al. (1988, 1994), the model conceptualizes service
quality through five dimensions: reliability, responsiveness, assurance, empathy, and tangibles. These
dimensions evaluate the gap between customers' expectations and their perceptions of actual service
performance and have been extensively used to assess customer satisfaction in traditional hospitality
settings. The model assumes that customers evaluate service quality by comparing expected service with
the service they actually receive. Although SERVQUAL has been widely adopted in hospitality research, it
was developed primarily for face-to-face service encounters and may not fully capture customers'
evaluations of technology-enabled services within digital hospitality environments.

To address this limitation, the Technology Acceptance Model (TAM) provides a complementary perspective
for understanding customers' acceptance of digital technologies. Davis (1989) proposed that technology
adoption is primarily determined by two constructs: perceived usefulness and perceived ease of use.
Perceived usefulness refers to the extent to which customers believe that technology improves the
efficiency and effectiveness of service delivery, whereas perceived ease of use reflects the degree to which
the technology is perceived as simple and effortless to use. These constructs have been applied to explain
customers' acceptance of digital hospitality technologies, including online booking systems, mobile
applications, and smart hotel services (Buhalis & Law, 2008; Tang et al., 2026; Venkatesh & Davis, 2000;
Venkatesh et al., 2003).

Self-Service Technology (SST) provides an additional theoretical perspective for understanding digital
services. Meuter et al. (2000) define SSTs as technological interfaces that enable customers to perform
services independently without direct employee assistance. Within online accommodation platforms, digital
check-in represents a self-service technology that allows guests to complete the arrival process remotely
through digital platforms, reducing dependence on front desk personnel while increasing convenience and
operational efficiency. Previous studies have shown that customers evaluate SSTs based on attributes
such as reliability, convenience, security, and ease of use, which influence customer satisfaction and
continued usage intentions (Meuter et al., 2000; Oh et al., 2013; Tarnanidis et al., 2026).

These findings suggest that customers' evaluations of digital services are influenced not only by traditional
service quality but also by the quality of technology-mediated interactions.

Collectively, SERVQUAL, TAM, and SST provide a comprehensive theoretical foundation for examining
customer perceptions of digital check-in. SERVQUAL explains how customers evaluate service quality,

106



JABE, Volume 26, Number 3, 2026 ISSN: 1542-8710

TAM explains customers' acceptance of digital technologies, and SST explains customers' evaluations of
self-service technologies. Integrating these perspectives provides the theoretical basis for developing a
Digital SERVQUAL (D-SERVQUAL) framework that reflects the characteristics of digital check-in within
online accommodation platforms.

Previous studies have applied the original SERVQUAL model to evaluate service quality in the hospitality
industry and have consistently demonstrated its effectiveness in measuring customer satisfaction.
Research has shown that the reliability, responsiveness, assurance, empathy, and tangibles dimensions
positively influence customers' perceptions of service quality, satisfaction, and behavioural intentions,
including customer loyalty and revisit intention (Dominguez et al., 2026; Minh et al., 2015; Parasuraman et
al., 1988, 1994). These findings demonstrate that SERVQUAL remains an effective framework for
evaluating service quality in conventional hospitality settings.

As hospitality services have become increasingly digitalized, researchers have extended the application of
service quality theories to technology-enabled service encounters. Studies applying the Technology
Acceptance Model (TAM) have consistently found that perceived usefulness and perceived ease of use
significantly influence customers' acceptance of digital hospitality technologies, including online booking
systems, mobile applications, and smart hotel services (Davis, 1989; Dominguez et al., 2026; Venkatesh &
Davis, 2000; Venkatesh et al., 2003). These findings suggest that customers' evaluations of digital services
depend not only on service quality but also on how effectively the technology supports the service
experience.

Similarly, research on Self-Service Technologies (SSTs) has demonstrated that customers evaluate
technology-enabled services based on convenience, reliability, security, ease of use, and perceived control
(Meuter et al., 2000; Oh et al., 2013). Within hospitality, digital check-in enables guests to complete the
arrival process independently, providing greater flexibility while reducing waiting times and unnecessary
face-to-face interactions. Customers' perceptions of digital check-in are shaped by both the quality of the
technology and the quality of the service delivered through that technology (Gummerus et al., 2019; Lee et
al., 2025; Rosenbaum & Wong, 2015; Shiwen et al., 2022; Tarnanidis et al., 2026).

Existing research has primarily focused on technology adoption, online booking systems, or overall
hospitality service quality rather than customer perceptions of digital check-in as a distinct service encounter
within online accommodation platforms. As digital check-in becomes an increasingly important component
of the guest experience, there is a need for a framework that integrates traditional service quality
dimensions with technology-enabled service characteristics. Therefore, this paper develops a Digital
SERVQUAL (D-SERVQUAL) framework to examine customer perceptions of digital check-in within online
accommodation platforms.

3. PROPOSED SERVQUAL (D-SERVQUAL) MODEL

Building upon the theoretical foundations of SERVQUAL, the Technology Acceptance Model (TAM), and
Self-Service Technology (SST) theory, this paper proposes a Digital SERVQUAL (D-SERVQUAL)
framework for examining customer perceptions of digital check-in within online accommodation platforms.
The framework extends the traditional SERVQUAL model by incorporating technology-enabled service
quality dimensions that reflect the distinctive characteristics of digital service delivery. While the original
SERVQUAL dimensions remain relevant for evaluating service performance, they do not fully capture
customers' evaluations of technology-mediated service encounters in which digital systems perform
functions traditionally delivered by frontline employees.

The proposed D-SERVQUAL framework integrates both service quality and technology acceptance
perspectives to provide a more comprehensive evaluation of digital check-in. The framework recognizes
that customers evaluate digital check-in not only according to the quality of the service provided but also
according to the functionality, usability, and security of the digital platform through which the service is
delivered. Customer perceptions are shaped by both traditional service quality attributes and technology-
related characteristics that influence the overall digital service experience.
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The framework comprises six interrelated dimensions: reliability, responsiveness, security, perceived
usefulness, perceived ease of use, and autonomy. Reliability reflects the ability of the digital check-in
system to process reservations accurately and consistently without operational errors. Responsiveness
refers to the efficiency and timeliness with which the system confirms reservations and completes the
check-in process. Security captures customers' confidence that their personal information, payment details,
and reservation data are adequately protected throughout the digital transaction. Perceived usefulness
reflects the extent to which customers believe that digital check-in enhances the efficiency, convenience,
and effectiveness of the arrival process, whereas perceived ease of use represents the degree to which
the system is simple, intuitive, and requires minimal effort to operate. Finally, autonomy refers to customers'
ability to independently control and manage the check-in process according to their own preferences,
without requiring assistance from hotel employees.

Unlike the original SERVQUAL model, which was developed to evaluate face-to-face service encounters,
the proposed D-SERVQUAL framework acknowledges that digital hospitality services require customers to
simultaneously evaluate service quality and technology performance. As digital check-in increasingly
becomes a standard feature of online accommodation platforms, customers' perceptions are influenced by
the interaction between these two perspectives. The integration of service quality and technology-related
dimensions provides a more appropriate conceptual framework for evaluating digital check-in within
contemporary hospitality environments.

Figure 1 presents the proposed Digital SERVQUAL (D-SERVQUAL) framework.

1. Ease of use.
2. Usefulness
3. Reliability | Digital Check in
4, Responsiveness | ServiceQualty |T )
5. Security

6. Autonomy

Customer Satisfaction

Figure 1: Proposed Model
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Table 1 presents the conceptual definitions and sub-dimensions of each construct. Together, the framework
provides a theoretical foundation for understanding customer perceptions of digital check-in and offers a
basis for future empirical research examining digital service quality in online accommodation platforms.

Constructs and | Definition Key References
Dimensions
Self-Service Refers to customers’ overall evaluation of a | Buhalis & Leung (2018);
Digital Check-In | digital hotel service that enables them to | Meuter et al. (2000);
Quality complete the check-in process independently | Tarnanidis et al. (2026)
before or upon arrival without relying on front
desk staff.
Perceived Refers to the extent to which customers | Davis (1989); Dominguez et
Usefulness believe that using the digital check-in system | al. (2026); Venkatesh & Davis
enhances the efficiency, convenience, and | (2000); Venkatesh et
overall effectiveness of the hotel arrival | al. (2003)
process.

Perceived Ease of
Use

Refers to the degree to which customers
perceive the digital check-in system as easy
to understand, straightforward to operate, and
requiring minimal effort.

Davis (1989); Dominguez et
al. (2026); Venkatesh & Davis
(2000); Venkatesh et
al. (2003)

Reliability Refers to the ability of the digital check-in | Parasuraman et al. (1988);
system to perform accurately, consistently, | Zeithaml et al. (2002);
and dependably while processing | Parasuraman et al. (2005);
reservations and completing the check-in | Blut (2016)
procedure without errors.

Responsiveness Refers to the ability of the digital check-in | Blut (2016); Parasuraman et
system to provide prompt processing, | al. (1988); Parasuraman et
immediate confirmation, real-time feedback, | al. (2005); Zeithaml et
and timely assistance throughout the digital | al. (2002);
check-in process.

Security Refers to the extent to which customers | Parasuraman et al. (2005);
believe that the digital check-in system | Blut (2016); Venkatesh et
adequately protects their personal | al. (2012)
information, payment details, and reservation
data throughout the digital check-in process.

Autonomy Refers to customers’ perception that the | Dabholkar (1996); Deci &
digital check-in system provides the freedom | Ryan (2000); Meuter et
and independence to manage the hotel arrival | al. (2000);
process and make check-in decisions without
assistance from hotel staff.

Perceived Refers to customers’ overall evaluation of | Fornell et al. (1996); Oliver

Satisfaction their digital check-in experience based on the | (1980); Tarnanidis et al.

(Outcome extent to which the service meets or exceeds | (2026)

Construct) their expectations.

Table 1: Construct definitions.
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4. ANALYSIS AND DISCUSSION

This paper proposes a Digital SERVQUAL (D-SERVQUAL) framework for examining customer perceptions
of digital check-in in online accommodation platforms by integrating constructs from the SERVQUAL model,
the Technology Acceptance Model (TAM), and Self-Service Technology (SST) theory. The proposed model
incorporates reliability, responsiveness, security, perceived usefulness, perceived ease of use, and
autonomy as key dimensions of digital check-in service quality.

The integration of these dimensions reflects the changing nature of service delivery in hospitality. In a
traditional service encounter, customers often evaluate service quality based on their interactions with
employees. In a digital check-in environment, however, part of this interaction is replaced by technology.
As a result, customers may evaluate the service not only based on whether it is reliable and responsive,
but also on whether the technology is useful, easy to use, secure, and allows them to complete the process
independently. The proposed framework therefore recognizes that digital check-in involves both a service
experience and a technology experience.

The proposed dimensions may also work together in shaping customers’ overall perceptions of digital
check-in. For example, a system may be easy to use but may still result in a poor service experience if it is
unreliable or does not provide timely confirmation.

Similarly, customers may find digital check-in convenient but may be reluctant to use it if they have concerns
about the security of their personal or payment information. Autonomy may further influence the experience
by giving customers greater control over when and how they complete the check-in process. These
considerations suggest that evaluating digital check-in through a single service or technology dimension
may not fully explain how customers perceive the overall experience.

Following the collection of empirical data, the proposed D-SERVQUAL framework will be empirically
analyzed to examine the relationships among the proposed dimensions, Digital Check-In Service Quality,
and perceived satisfaction. The analysis will assess the reliability and validity of the constructs and test the
proposed relationships within the conceptual framework. The empirical findings will provide evidence
regarding the applicability of the proposed D-SERVQUAL framework in the context of digital check-in
services.

The empirical analysis will also help determine which dimensions have stronger relationships with
customers’ evaluations of digital check-in service quality and perceived satisfaction. This is important
because customers may not place equal importance on every aspect of the digital experience. Identifying
these relationships can provide a clearer understanding of how customers evaluate digital check-in and
whether the proposed dimensions adequately represent service quality in a technology-enabled hospitality
environment.

The proposed framework contributes to the hospitality literature in several ways. First, it extends the
traditional SERVQUAL model by adapting service quality dimensions to the context of digital hospitality
services. Second, it integrates technology acceptance and self-service perspectives into a single
conceptual framework, providing a more comprehensive understanding of customer evaluations of digital
check-in. Third, it conceptualizes Digital Check-In Service Quality (D-SERVQUAL) as a construct that
influences customers' perceived satisfaction, offering a theoretical foundation for future empirical studies.

More broadly, the framework responds to the increasing movement from employee-assisted service
encounters toward technology-enabled and self-service experiences in hospitality. As digital check-in
becomes more common, understanding service quality requires attention to both the service provided and
the digital system through which customers receive that service.

The D-SERVQUAL framework provides a basis for examining these two aspects together and may help

explain how digital service encounters influence customers’ overall evaluations of their hospitality
experience.
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5. MANAGERIAL IMPLICATIONS

The growing adoption of digital check-in provides important opportunities for accommodation providers to
improve the overall guest experience and operational efficiency. From a managerial perspective, the
framework provides guidance for accommodation providers and online platform operators seeking to
improve digital check-in services. By understanding the dimensions that shape customers' evaluations,
managers can prioritize improvements in system reliability, responsiveness, security, usability, and
customer autonomy, thereby enhancing the overall digital guest experience and customer satisfaction.

Service providers who decide to incorporate these digital features can strengthen their competitiveness by
offering more convenient and flexible check-in services. At the same time, the application can improve
operational efficiency by reducing unnecessary costs, minimizing routine front-desk activities, and allowing
employees to focus on more complex tasks. Together, these improvements can enhance service
performance, improve customer satisfaction, and increase the competitiveness of accommodation
providers.

The effective implementation of digital check-in can create value for both customers and accommodation
providers. Service quality can be improved, and customers can have a more convenient and efficient
experience (Shampa & Hossain, 2026; Tang et al., 2026; Tarnanidis et al., 2026). Digital check-in can also
provide customers with greater flexibility and control over the arrival process while reducing the time
required for traditional front-desk interactions. For accommodation providers, the effective use of digital
check-in can support more efficient service delivery by reducing routine administrative activities and
allowing employees to focus on other important aspects of the guest experience. As customer expectations
for convenient and technology-enabled services continue to develop, providing reliable and easy-to-use
digital check-in options may also help accommodation providers remain competitive. Therefore, the
successful implementation of digital check-in has the potential to improve both the customer experience
and the operational performance of accommodation providers.

6. LIMITATIONS AND FUTURE RESEARCH

This study has several limitations. First, the proposed D-SERVQUAL framework is conceptual and has not
been empirically validated. The proposed relationships among the dimensions, Digital Check-In Service
Quality, and perceived satisfaction remain theoretical and require empirical examination.

Second, the framework is developed for digital check-in within online accommodation platforms. Its
applicability to other hospitality technologies, such as digital check-out, mobile concierge services, or smart
room technologies, has not been examined and may require further adaptation.

Third, although the framework integrates constructs from SERVQUAL, TAM, and SST theory, other factors
such as trust, perceived risk, digital literacy, customer experience, or cultural differences may also influence
customers' perceptions of digital check-in and were not incorporated into the present framework.

Future research should empirically validate the proposed D-SERVQUAL framework using quantitative
research methods such as confirmatory factor analysis (CFA) and structural equation modelling (SEM).
Such studies would enable researchers to examine the reliability and validity of the proposed dimensions
and assess the relationships between Digital Check-In Service Quality and perceived satisfaction.

Empirical testing could also provide a better understanding of which dimensions have the strongest
influence on customers’ evaluations of digital check-in services.

Future studies may also investigate the applicability of the framework across different hospitality contexts,
including hotels, resorts, serviced apartments, and peer-to-peer accommodation platforms, to determine
whether customer perceptions vary across accommodation types. Comparative studies across countries
and cultural settings would enhance understanding of how cultural and technological differences influence
customer evaluations of digital check-in. This may also help determine whether the framework can be
applied consistently across different types of accommodation services and customer populations.
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In addition, future research could extend the framework by incorporating other technology-related
constructs, such as trust, perceived risk, perceived value, digital competence, or customer experience.
Future studies could also test the framework across different locations, cultures, and age groups to better
understand whether customers perceive digital check-in differently. For example, younger and older
customers may have different levels of comfort and experience with digital services. Cultural differences
may also shape customers’ expectations and preferences when using digital check-in.

Examining these differences could help determine whether the proposed D-SERVQUAL framework can be
applied across different customer groups and hospitality settings. These comparisons could provide
additional insight into how individual and contextual differences shape perceptions of digital service quality.
They may also help identify whether certain dimensions of the framework are more important for specific
customer groups or hospitality settings. This would provide a broader understanding of how customers
evaluate digital check-in services across different service environments.
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