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The unprecedented evolution of educational technologies has transformed the learning
landscape, creating distinct experiences in offline and online learning environments (OLE).
However, little attention has been given to exploring students’ identities in the online learning
context and how they can influence academic trajectories, limiting the development of a
holistic understanding of the nature, effects, and areas of improvement in students’ identity
formation in OLE. This study aims to investigate how students’ identity subcomponents differ
among offline and OLE students via propensity score matching (PSM) in China, which allows
us to find a doppelganger to estimate the counterfactual situation for making causal infer-
ences in tandem with averting selection bias. Then, the study further examines how students'
identities affect motivation for learning achievement through OLS regression. PSM results
indicate that goal-directedness, interpersonal relation, and self-acceptance were lower in
students’ identity construction in OLE. Besides, all students achievement motivation shows
that agency positively affects all students. Regarding the online learning environment, stu-
dents’ agency and proactivity show negative effects on motivation. In contrast, goal-
directedness indicates positive effects compared to the offline course students. Reflecting on
these findings, this study offers instructional and online technology development implications.
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Introduction

biquitous access to digital technologies has dramatically

changed the tertiary education landscape. In particular, it

is undeniable that the lockdowns and the enforced clo-
sures of educational institutions due to the COVID-19 outbreak
led many universities to adopt various practices and strategies of
online learning to make their education delivery flexible and
accessible to meet students' needs along with the in-class
instruction. Higher education delivery modes are increasingly
transitioning traditional face-to-face classes into entirely online,
blended, or web-facilitated courses to meet the needs of diverse
student populations. Consequently, there is a growing interest in
exploring students’ online identities (Arfini et al., 2021; Daher &
Awawdeh Shahbari, 2020).

From a sociocultural perspective, learning, knowledge, and
identity are firmly interrelated; learning and knowledge con-
struction are affected by contexts and cultures. Learning in this
equation involves processes of identity formation; students not
only acquire knowledge and skills but also become distinct lear-
ners in a unique learning community and environment (Cousin
& Deepwell, 2005). It should also be noted that an individual
student’s identity is ‘fluid’ rather than ‘static’ since it is socially
constructed in a given context (Rogoff & Lave, 1984; Khalid,
2019). Considering that online classes are a social community
like any other social group, to exist, interaction and participa-
tion among individuals is needed. One can hypothesize that via
these interactions, students can generate new aspects of self, and
therefore, new identities in online learning environments (OLE)
emerge (Arfini et al, 2021; Delahunty et al., 2014). In this
regard, Bati and Atici (2014) presented the term ‘Identity 2.0°,
which they consider crucial for the new types of identities in
online socialization. They revealed that students create and
perceive different identities in their online learning practice.
Similarly, Oztok et al. (2012) confirmed that individuals’ dif-
ferent identities significantly influence their online learning
practices compared to offline learning.

Despite growing attention paid to understanding students’
perspectives and experiences of online learning and their iden-
tities within OLE, there has been a paucity of empirical research
thoroughly examining the phenomenon of online identity.
Existing research on students’ identity construction online mainly
examines how individuals build their self-image online, particu-
larly on social networking sites (Chen, 2017; Qin & Lowe, 2021);
for instance, individuals tend to create their online identity with
the disclosure of intimate information and the use of various web-
based resources but rarely associate the learning context. More-
over, there is limited research that examines the differences
between students’ identities in offline and OLE and how students’
identities in OLE affect academic trajectories, such as learning
motivation.

This study, therefore, aims to examine whether online identity
differences influence students’ learning achievement motivation
and reveal the factors that make online and offline identities
different and whether there is a significant difference in the
impact of those factors depending on the learning environment
(online versus offline). Although identifying factors that can
predict online and offline identity may shed insights regarding
effectively managing identities in online and offline learning
contexts, these cross-contextual factors have been underexplored.
Furthermore, examining the difference in the effects of those
factors interplay between online and offline learning environ-
ments on learning achievement motivation may provide a
comparative understanding of issues and difficulties in managing
identities offline and online. Therefore, the findings of this
study can provide meaningful implications for designing and
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implementing both online instruction and technology in an OLE
that can promote positive identity development for students.

Literature reviews

Theoretical development of identity. The concept of identity has
evolved significantly through various theoretical frameworks.
Social Identity Theory (SIT) (Tajfel & Turner, 1978) is founda-
tional, positing that individuals derive a sense of self from their
group memberships, significantly influencing their behavior and
perceptions. SIT underscores the role of social categorization in
forming self-identity, which leads to in-group favoritism and out-
group discrimination. It emphasizes the importance of in-group
and out-group dynamics in shaping individual self-concept and
social interactions (Hodson & Earle, 2017). SIT elucidates how
students’ affiliations with various groups (e.g., class, school, peer
groups) influence their self-concept and behaviors. Positive group
dynamics and a strong sense of belonging can enhance students’
engagement and academic performance, whereas negative
dynamics can adversely affect their self-esteem and learning
outcomes (Hu et al., 2024).

Psychological theories are crucial for understanding college
student identity formation during their critical developmental
stage. Bronfenbrenner’s ecological systems theory provides a
comprehensive framework for examining the multiple layers of
influence on identity development, including microsystem (direct
interactions), mesosystem (interactions between settings such as
school and home), exosystem (larger social structures like
education and culture), and macrosystem (sociocultural contexts)
(Bronfenbrenner, 1979). This theory highlights the interconnect-
edness of various environmental systems in shaping identity,
particularly relevant for college students navigating transitions
between adolescence and adulthood. The self-affirmation theory
further complements this discussion by emphasizing how
individuals actively affirm their identities through purposeful
actions and thoughts (Steele, 1988). This perspective aligns with the
developmental challenges confronting college students as they seek
to establish a coherent sense of self in diverse social contexts. In
addition, Erikson (1968)’s theory of lifespan development posits
that at each developmental stage, individuals develop a new
virtuous quality and identity by confronting and resolving conflicts.
Building upon Erikson’s theory, Adams and Marshall (1996)
highlight that identity development is not innate within one
individual; identity occurs within socio-psychological processes.
These theoretical perspectives have laid the groundwork for
understanding how identity is constructed and maintained within
different social contexts. In educational settings, the self-identity
stage involves forming meaningful relationships with peers and
mentors, which supports psychological well-being and academic
success (Britt et al, 2022). Understanding these developmental
stages helps educators create environments that foster self-
exploration and supportive relationships (Li et al., 2024).

In recent years, the Reasoned Action Approach (RAA) has
extended the understanding of identity by incorporating self-
identity as a significant predictor of intentions and behavior. The
RAA framework integrates attitudes, perceived norms, and
perceived behavioral control to explain how identity influences
behavior, especially in health-related contexts (Fishbein & Ajzen,
2009). Additionally, the Self-Acceptance and Identity Construc-
tion Model suggests that self-acceptance mediates the relationship
between values and identity expression, emphasizing the role of
self-acceptance in authentic identity presentation in both offline
and online environments (Edwards et al., 2019), indicating that
higher levels of self-acceptance lead to more authentic and
consistent identity expression. This model highlights that direct
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interactions provide immediate feedback and validation in offline
settings, enhancing self-acceptance. Conversely, in OLE, the lack
of face-to-face interaction can challenge self-acceptance, empha-
sizing the need for strategies that support students’ authentic self-
expression in digital contexts (Wu & Carroll, 2024).

The identity development concept is a multifaceted process
that has garnered significant attention in psychological and
educational research. According to Lieberman & Schroeder
(2020) and Hu et al. (2015), the digital age has introduced new
dimensions to how individuals construct their identities,
particularly among adolescents. Livingstone (2008) accentuates
the role of digital media in identity formation and underscores
both the opportunities for self-expression and the risks associated
with negative feedback online. Patti et al. (2011) further explore
how social media influences adolescents’ self-concept and identity
development, while Davis (2012) examines the impact of digital
communication on self-identity clarity. These theoretical frame-
works emphasize that digital environments offer unique oppor-
tunities for self-exploration but also pose challenges related to
authenticity and self-presentation. Borlee et al. (2024) note that
online learning communities can foster identity shifts, transform-
ing students from passive “knowledge receivers” into active
“knowledge creators” or collaborative partners in the learning
process. Conversely, challenges such as technology anxiety and
difficulties in peer interaction may lead some students to adopt
roles as “class observers” or isolated learners, as noted by Gillett-
Swan (2017) and Davidson (2015).

Differences in students’ identity in offline and OLE. In con-
trasting student identities between offline and online learning
environments, it becomes evident that each context offers distinct
experiences. Many studies highlight significant differences in how
students form and maintain their identities offline versus OLE.
Studies found that students in online learning environments often
experience greater autonomy but may struggle with feelings of
isolation compared to their offline counterparts (Hew et al., 2023;
Li et al, 2022). This isolation can negatively impact their self-
acceptance and academic motivation. Other studies have shown
that online learning environments can enhance certain aspects of
identity, such as agency and goal-directedness, due to online
courses’ flexibility and self-paced nature (Mairitsch et al., 2023).
However, these environments also require students to be more
proactive and self-regulated, which can be challenging for those
who lack strong self-efficacy (Liao et al., 2024). There is a lack of
scrutiny of the differences in students’ identities offline and in
OLE among those dimensions of identity. It is imperative to
examine whether there is any difference in each dimension of
students’ identity to guide future instructional practices to sup-
port students’ identity in OLE.

Factors that influence identity formation. Existing literature
shows five key factors that influence identity formation. First, self-
acceptance involves recognising and accepting all aspects of
oneself, including strengths and weaknesses (Dignan, 1965;
Marsh & Martin, 2011; Tetzner et al.,, 2017). It is a fundamental
aspect of self-concept and involves a realistic and subjective
awareness of one’s attributes. Self-acceptance is crucial for psy-
chological well-being, allowing individuals to embrace their
authentic selves and maintain a positive self-image despite chal-
lenges (de Vaate et al., 2020). This concept is particularly relevant
in offline and online environments, where individuals may face
different pressures and expectations (Aricak et al., 2015).
According to identity theory, agency reflects a person’s ability
to achieve internalized goal states represented in identity
standards despite changing or opposing environmental

conditions. Therefore, agency is the capacity of individuals to
act independently and make their own free choices, encompass-
ing self-efficacy, self-regulation, and goal setting (Tsushima &
Burke, 1999). This concept is crucial for understanding how
individuals navigate their personal and academic lives, taking the
initiative, and making decisions aligning with their goals and
values (Mairitsch et al., 2023).

Goal-directedness refers to an individual’s ability to set, pursue,
and achieve personal goals. It compasses planning, commitment,
and perseverance—essential for successful identity formation and
personal development (Dignan, 1965). Theoretical perspectives
highlight that goal-directedness links to a clear sense of what one
stands for and where one is going, reflecting self-assertion and the
drive to achieve personal aspirations. This component of identity
is vital for academic and personal success, as it guides individuals
in pursuing meaningful objectives (Zhu et al., 2024a).

Proactivity is the tendency to take initiative and act in advance
to achieve goals rather than reacting to events after they happen
(Tsushima & Burke, 1999). It is an essential trait for adapting to
and shaping one’s environment, involving anticipatory actions
and taking control of situations. Proactivity is critical in
educational and personal contexts, enabling individuals to
effectively prepare for and navigate potential challenges (Zhu
et al., 2024b). This concept underscores the importance of being
forward-thinking and self-motivated in achieving success (Su
et al., 2024).

Interpersonal Relations pertain to how individuals interact,
communicate, and build relationships with others. Healthy
interpersonal relations are crucial for identity development,
providing a supportive environment for self-expression and
acceptance (Aricak et al., 2015; Dignan, 1965). Positive relation-
ships with peers, mentors, and family members can enhance an
individual’s sense of belonging and self-worth, integral to building
a strong and coherent self-identity (Zhou et al., 2023).

Identity and achievement motivation. Another stream of prior
research has shown that students’ identity in offline and OLE has
a positive correlation with achievement motivations, which is
defined as an individual’s desire to perform and accomplish dif-
ficult tasks, overcome obstacles, and reach a higher goal or seek
success by winning competition with others in task performance
(Wigfield et al., 2021). Studies by Eccles et al. (2004) explore how
academic self-identity influences students’ motivation and per-
formance, emphasizing the importance of a positive academic
identity for educational success. Academic self-identity measures
the aspect of an individual’s self-concept that relates to their
academic abilities and achievements (Kristie-Lee et al., 2023).
Motivation is the process that initiates, guides and sustains goal-
oriented behaviors. Martin and Dowson (2009) focus on the
motivational psychology of education, emphasizing the role of
self-identity in driving students’ engagement and persistence in
academic tasks. Similarly, Marsh and Martin (2011) investigated
the relationship between academic self-concept and achievement,
demonstrating that a positive academic self-identity links to
higher academic performance. Recent findings extend this
understanding to online learning environments, highlighting how
self-identity interacts with digital learning experiences to impact
student motivation and engagement (Bonfiglio et al., 2024; Jones
& Norman, 2022).

Like identity has numerous sub-components, the literature also
discusses key components of achievement motivations such as
risk-taking, future time orientation, personal responsibility, self-
efficacy, task-orientedness, and the interplay between identity and
academic achievement. First, risk-taking is the willingness to
engage in behaviors that involve uncertainty and potential
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adverse outcomes in pursuit of goals. It is a key component of
achievement motivation because it involves the readiness to face
uncertainty and take calculated risks to achieve success (Sagie
et al,, 1996). This construct highlights the importance of being
willing to step out of one’s comfort zone and embrace challenges
as opportunities for growth. As highlighted in recent educational
research, fostering a culture that supports risk-taking and views
failure as a learning opportunity is crucial for promoting
creativity and innovation in students (Huo et al., 2023).

Second, future time orientation refers to how individuals
consider and plan for future outcomes when making decisions. It
reflects prioritizing long-term goals over immediate rewards for
sustained achievement and personal development (Tongfei et al.,
2022; Tsushima & Burke, 1999). Future time orientation is linked
to goal-setting and perseverance, guiding individuals to achieve
meaningful and long-term objectives (Lai et al., 2024).

Third, personal responsibility involves taking ownership of
one’s actions and consequences, including a commitment to
personal and ethical standards. It is a core component of self-
regulation and ethical behavior, influencing individuals’ goals and
achievements (Tongfei et al., 2022; Tsushima & Burke, 1999).
Personal responsibility is crucial for maintaining integrity and
accountability in personal and academic contexts, fostering a
sense of control and agency in one’s life (McGrath et al., 2023).

Fourth, self-efficacy is the belief in one’s capabilities to organize
and execute the courses of action required to manage prospective
situations. This concept, introduced by Bandura (1977), sig-
nificantly influences motivation, as individuals with high self-
efficacy are more likely to engage in challenging tasks and persist
in the face of difficulties. Self-efficacy is foundational for
achieving high performance and overcoming obstacles, playing
a critical role in personal and academic success (Li et al., 2022;
Liao et al.,, 2024).

Fifth, task-orientedness focuses on completing tasks efficiently
and effectively, emphasizing achievement and performance. This
construct links to goal-directedness and the ability to prioritize
tasks, manage time effectively, and achieve high-performance
standards (Sagie et al., 1996). Task-oriented individuals are driven
by a clear sense of purpose and dedication to their work as an
impetus for academic and professional success (Kim et al., 2024).

Research gaps and research questions. The literature review
builds our understanding of the definition of identities and how
identities are socially constructed; thus, students may have dif-
ferent identities offline and OLE. Furthermore, existing literature
reveals the association between identity and achievement moti-
vation. However, several research gaps remain. Existing studies
often focus on specific aspects of identity, such as self-acceptance
or agency. Still, there is a lack of comprehensive research exam-
ining how all sub-components of identity (i.e., agency, self-
acceptance, goal-directedness, and proactivity) interact and differ
between offline and online environments. Furthermore, while
many studies have explored the impact of identity on academic
achievement, there is limited research on how the current status
of OLE influences students’ achievement motivation, including
risk-taking, future time orientation, personal responsibility, and
self-efficacy.

In examining the role of identity in academic achievement, it is
crucial to recognize the multifaceted nature of identity and its
varying expressions across different contexts. The selected
subcomponents of identity—agency, self-acceptance, goal-direct-
edness, and proactivity—are identified based on their relevance to
academic success. However, it is discernible that these compo-
nents may not be exhaustive or universally applicable, as cultural
and individual differences can influence the significance of other
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aspects of identity. While existing literature highlights the
association between identity and achievement motivation, there
is a lack of comprehensive research on how these subcomponents
interact and differ offline versus OLE. This gap is significant
because understanding these interactions can provide valuable
insights into the unique challenges and opportunities in OLE for
identity formation. Future studies should aim to explore these
dynamics more thoroughly. Further, the impact of OLE on
students’ achievement motivation has been underexplored,
particularly in areas such as risk-taking, future time orientation,
personal responsibility, and self-efficacy. These aspects are crucial
for academic success and adaptability, making them a ripe area
for further investigation. When researching these factors,
educators and policymakers can better support students navigat-
ing diverse learning environments. Therefore, this study aims to
investigate the following two research questions:

RQI1. What is the difference between each sub-component
(agency, self-acceptance, goal-directedness, and proactivity) of
students’ identity in offline and OLE?

RQ2. How does student identity and OLE status quo relate to
achievement motivation (risk-taking, future time orientation,
personal responsibility, self-efficacy)?

Methodology

Data collection. This study targeted students enrolled in a seven-
week Design Thinking and Research (LIF003) course between 1
November and 13 December 2023 at an international joint-
ventured (Sino-British) research-led university based in Suzhou,
China. This course was a part of elective liberal arts courses
offered to every undergraduate student, without academic year
and major/degree restriction. The class was an hour-long lecture
and an hour-long group activity-based workshop built around the
design thinking process and held twice a week for seven weeks
(i.e., a 28h course in total), delivered offline and online for
flexible attendance. Those who signed up for the class online
could only attend the course via the University’s online learning
and teaching platform. This study received ethical approval from
the university’s Institutional Review Board on September 9th,
2022 and informed consent from all participants via online survey
in December 2023.

The survey consisted of 4 sections: participation consent,
demographic information, identity questionnaire, and achieve-
ment motivation. The survey questionnaires regarding students’
identity consisted of the following five sub-components: 10 items
for agency, nine self-acceptance items, eight goal-directedness
items, nine proactivity items, and seven interpersonal relation
items adapted from Marsh & Martin (2011), Edwards et al.
(2019), and Simons (2020) and modified to match the context of
this paper. Meanwhile, the achievement motivation question-
naires were adapted from Elliot et al. (2017), Gutiérrez-Braojos
(2015), and Li et al. (2022). They included three items for each
variable (risk-taking, future time orientation, personal responsi-
bility, self-efficacy, task-orientedness) and slightly revised to
consort the analysis context. The study employed a 5-point Likert
scale (Strongly Disagree =1, Strongly Agree=15) questionnaire.
Appendix 1-2 displays a detailed survey questionnaire.

The survey was conducted between 14 ~21 December 2023
after completing the coursework, targeting all students enrolled in
the course regardless of learning environment. On the last day of
the lecture, students were given a choice from either an online or
paper survey to respond. All students voluntarily chose to
participate in an online survey. In case of selection bias or self-
perception may arise, we delivered the instructions on the last day
of the class to consider their learning environment and reminded
them while answering the survey. We also stressed the
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corresponding learning environment in the survey questionnaire
by stating “during the offline course,” for offline students, “for the
online course,” for online students. In the survey, students were
asked to check their attendance type (i.e., offline or OLE) and
responded to the same questionnaires. A total of 334 valid survey
responses were retrieved for the analyses without any missing
values. The demographic information shows that 88 students
(26.3%) had participated in the class online, while 246 (73.7%)
attended offline. Among them, 110 (32.9%) were male and 224
(67.1%) were female students, and their ages ranged from 18 to
28, with a mean age of 21.30. The average daily digital device
usage for academic purposes was 203.2 min, lower usage than for
non-academic purposes, 238.1 min (see Appendix 3).

Data procedure and analyses

Propensity score matching (PSM). The gold standard in estimating
treatments, exposures, and interventions on outcomes (hereafter
treatments) is employing randomized controlled trials, to averts
confounded status of the baseline characteristics of the collected
data (Austin, 2011). Hence, the estimations of treatment effects
on outcome can be ensured by directly comparing the treated and
untreated (controlled) subjects (Greenland et al., 1999). However,
the widespread use of nonrandomized data (i.e., surveys) has
engendered selection bias that can influence the baseline char-
acteristics of the subjects. Rosenbaum and Rubin (1983) intro-
duced a conceptual statistical tool called a propensity score to
draw valid causal inferences using observational data. The simple
concept of propensity score methods is to find a doppelganger
(i.e., control group; counterfactual) mimicking the treated subject
(i.e., treatment group; factual) by matching the baseline char-
acteristics of a subject. Propensity score methods help reveal
‘what would have occurred to those who received treatment if
they had not?

PSM estimates the average treatment effect (ATE) and the
average treatment effect for the treated (ATT). The former
estimates the average causal effects at the population level,
whereas the latter focuses on the average causal effects on the
subject who received the treatment. The researchers must decide
whether the ATE or the ATT is of greater interest and suitable for
the research context. For instance, if the researchers investigate
the effects of English as a second language (ESL) writing
programs, the ATT reveals the effects of the specific subject pool
with non-native English speakers. On the other hand, if the
researchers are interested in English writing programs for all
school students, the ATE may be of greater interest than ATT.

Data analyses. The study examines the difference between stu-
dents’ identity offline and OLE (RQ1), using an experimental
approach in a natural setting. However, as an individual cannot
appear online and offline (the counterfactual situation) at the
same time, the natural environmental conditions cannot be ful-
filled. For instance, students who took the course online could
only attend the course through an online platform, so those
students did not show up in offline lectures until the end of the
course. As stated above, survey data may cause selection bias.
Propensity Score Matching (PSM) was adopted to address
potential selection bias (i.e., researchers’ selection of which stu-
dent to attend OLE) from observational data (Rosenbaum &
Rubin, 1983) and to draw convincing causal inferences (Lanza
et al,, 2013). The basic concept of PSM is to estimate the con-
ditional probability of an observation value receiving treatment
by considering the probable vector covariates and the con-
founding variables (Everitt & Skrondal, 2002).

PSM allows us to investigate the treatment effects of students’
identity in OLE, which means we can analyze if students in OLE

have higher identity scores in terms of agency, self-acceptance,
goal-directedness, and proactivity compared to the counterfactual
circumstance. As mentioned above, the students in OLE are
impossible to be in offline situations; hence, PSM seeks students
offline having similar characteristics, the vector covariates, from
the offline participant pool, discovering a doppelganger for
students in OLE to reveal the identity differences in different
learning environment. For the analysis, we divided the sample
into two groups: the binary form of treatment variable ‘OLE,
either student in OLE coded as OLE =1 (the treated group) or
offline as OLE =0 (the control group).

y:{yblfOLE:lyOaifOLE:O 1)

To discover a doppelganger, the tallied propensity scores of the
control group were utilized to match with the students in the
treated group. The propensity scores based on the confounding
variables (covariates) help address the investigation’s selection
bias for further analyses, such as comparing the sub-component
score differences (dependent variables) between two groups of
students in different learning environments.

p(x) = prob(x) E(x),

where x is an independent variable

@

PSM analyzes the average treatment effect on the treated
observations (ATT) as the treatment effects that estimate the sub-
component differences of the population-level average effect. In
this regard, ATT unveils the student-level average impact
students in OLE in this paper. The second term of the following
function indicates the counterfactual estimation of the treated
group since ATT reveals the sub-component differences between
the treated group and the virtual stance of the counterfactual
circumstance of the same group by using resembling counter-
factual samples.

ATT = E(y, [p(x), OLE = 1) — E(yplp(x), OLE= 1)  (3)

To evaluate the group matching, we examined the covariate
balance test in tandem with the balance plot - the density
distribution of the propensity scores — to validate the satisfactory
level of overlap necessary for doppelganger matching of the
treated and control groups. The covariate balance test aims to
reduce bias caused by confounders and ensure that treated and
control groups are comparable for estimating treatment effects. In
addition, we examined the variables using a 5-point Likert scale
for their reliability, and identity sub-component (dependent)
variables indicate a satisfactory level above the threshold of 0.70
(Cortina, 1993) (see Table 1).

In addition, the study employed ordinary least squares (OLS)
regression analysis to reveal the causal relationship by using 3
models. Model 1 is a baseline model that consists of all samples to
see the general effects of students’ identity variables on the
achievement motivation variable. Then, the study conducted
Model 2 that encompasses OLE as another independent variable
to verify whether any different result occurs. Lastly, Model 3
consists of OLE as a moderator on the relationship between
students’ identity and achievement motivation variables. In
assessing the impact of students’ identity on achievement
motivation (RQ2), among five achievement motivation variables,
only risk-taking (CA=0.72) and future time orientation
(CA = 0.76) fulfilled the threshold of the reliability test, as shown
in Table 2. Thus, the study eliminated personal responsibility
(CA=0.52), self-efficacy (CA=0.37), and task-orientedness
(CA=043) for further analysis. The possible reason for
reliability failure in three variables may be attributed to the
cultural differences, since a significant portion of concepts were
developed based on the Western questionnaires that may not

| (2025)12:1579 | https://doi.org/10.1057/541599-025-05891-9 5



ARTICLE

Table 1 PSM Variable descriptions.

Table 3 Matched samples.

aca_hr Digital device usage for
academic purpose
(avg. min/ day)

naca_hr Digital device usage for

non-academic purpose
(avg. min/ day)
Dependent Variables

agency 5-point Likert Scale 0.82
self-acceptance 5-point Likert Scale 0.86
goal-directedness 5-point Likert Scale 0.91
proactivity 5-point Likert Scale 0.85
interpersonal relation  5-point Likert Scale 0.84

Treatment Variable
OLE 1 = students in OLE, O =

students in offline

Table 2 OLS regression Variable descriptions.

Variables Description Cronbach’'s Alpha Treatment Variable Sample Matched
Vector Covariates Students in offline (Control) 246 88
gender 1= male, O = female Students in OLE (Treated) 88 88
age Age of the participants Total 334 176

Variables Description Cronbach's
Alpha
Control Variables
gender 1 = male, O = female
age Age of the participants
aca_hr Digital device usage for
academic purpose
(avg. min/ day)
naca_hr Digital device usage for non-
academic purpose (avg. min/
day)
Independent Variables
OLE 1 = students in OLE,
0 = students in offline
agency 5-point Likert Scale 0.82
self-acceptance 5-point Likert Scale 0.86
goal-directedness 5-point Likert Scale 0.91
proactivity 5-point Likert Scale 0.85
interpersonal 5-point Likert Scale 0.84
relation
Dependent Variable
risk-taking 5-point Likert Scale 0.72
future time 5-point Likert Scale 0.76
orientation
personal 5-point Likert Scale 0.52
responsibility
self-efficacy 5-point Likert Scale 0.37
task-orientedness 5-point Likert Scale 0.43

align with Eastern cultural aspects. This limitation needs further
assessment in future studies since this research is exploratory.

Results

PSM results. The treated group (students in OLE) consists of 88
students, whereas 246 students attended lectures offline, as shown
in Table 3. The propensity scores of the two groups were com-
pared to validate the PSM. First, research to assess whether the
covariates are well matched in distributions, a covariate balance
test (see Table 4) was conducted on continuous covariates (i.e.,
age, aca_hr, naca_hr). The results demonstrated a satisfactory

6

Table 4 Covariate balance test results (continuous variables
only).

Covariates Standardized Variance Ratio**
Differences*
Raw Matched Raw Matched
age 0.001 0.000 1.008 1.000
aca_hr 0.198 0.073 1.203 0.943
naca_hr 0.213 0.074 1.008 1106
"Threshold: less than 0.10 (Normand et al., 2001).
**Threshold: close to 1.0; between 0.5-2.0 (Rubin, 2001).
Balance plot
Raw Matched
=
.“5
5
=}
0 2 4 6 8 0 2 4 6 8
Propensity Score
[ control treated

Fig. 1 Balance Plot of the Propensity Score.

Table 5 ATT of student's identity sub-components.

Sub components ATT Al robust std. err.
agency -0.07 0.07
self-acceptance -0.19* 0.08
goal-directedness -0.32** 0.Mn

proactivity -0.16 0.10

interpersonal relation -0.25* 0.12

Statistical significance: ***p < 0.001, **p < 0.01, *p < 0.05, tp < 0.1.

level in meeting thresholds for standardized differences (less than
0.10; Normand et al., 2001) and variance ratio (close to 1.0 and
between 0.5-2.0; Rubin, 2001). Then, as shown in Fig. 1, the
balance plot portrays the different propensity scores of each
group on the left side matched on the right side, which showed
the score difference between groups dramatically diminished,
indicating a satisfactory matching level for valid estimation of
counterfactual observation for ATT.

The ATT of students’ identity in OLE (ie., agency, self-
acceptance, goal-directedness, proactivity, interpersonal relation)
are summarized in Table 5. The results show that the students in
OLE demonstrate 0.32 points lower in goal-directedness
(p <0.01); interpersonal relations of students in OLE exhibit
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Table 6 OLS regression results on risk-taking (N = 334).

Category DV: Risk-taking Coefficient (robust st. err.)
Model 1 Model 2 Model 3
(Baseline) (OLE) (OLE interaction)
Covariates gender 0.02082 0.02719 0.00465
(.0591) (.059) (.0576)
age —0.00544 —0.00292 —0.00541
(.0095) (.0094) (0.009)
naca_hr 0.00014 0.00019 0.00020
(0.0002) (0.0002) (.0002)
aca_hr 0.00018 0.00018 0.00023
(0.0002) (0.0002) (0.0002)
In-dependent variables OLE —0.13773" 0.16502
(.0648) (0.4397)
agency 0.71902"" 0.72693™" 0.79460™"
(.0688) (.0682) (.0801)
self-acceptance —0.09678 —0.08402 —0.16194
(1437) (.1431) (1607)
goal-directedness 0.11993 0.147307 0.04862
(0.0851) (0.0847) ©.an
proactivity 0.10232 0.07555 0.249641
(0.098) (0.1008) (0.1451)
interpersonal relation —0.00569 —0.00815 —0.03865
(0.0842) (0.0843) (0.093)
Moderation of OLE agency*OLE —0.32316"
(0.1593)
self-acceptance*OLE 0.23867
(0.3123)
goal-directedness*OLE 0.27929%
(0.1685)
proactivity*OLE —0.37004"
(0.1886)
interpersonal relation*OLE 0.09098
(1981
constant 0.93086™" 0.83377" 0.75871"
(0.269) (0.2654) (0.3121)
R2 0.4148 0.4224 0.4446

Robust standard errors in parentheses.
OLE in interaction term: O=offline, 1=online.
Statistical significance: ***p < 0.001, **p<0.01, *p<0.05, p<0.1.

0.25 points lower (p < 0.05); and self-acceptance also shows 0.19
points lower (p < 0.05) compared to the students in offline lecture.
These results indicate that goal-directedness, interpersonal
relations, and self-acceptance contribute to composing the
students’ identity, and students in OLE need to be taken care of
by the instructors.

OLS regression results. For the estimation of the achievement
motivation (i.e., risk-taking and future time orientation variables)
effects, gender, age, the average digital device usage hour for
academic purposes (aca_hr), and the average digital device usage
hour for non-academic purposes (naca_hr) were used as control
variables, In OLE, we employed five components of students’
identity and interactions and students’ identity components for
independent and interactive variables in OLS regressions.

The achievement effects on risk-taking as an achievement
motivation (see Table 6 and Fig. 2), the baseline of OLS regression
estimation (Model 1; R?=0.42) shows that only agency
(B=10.719, p<0.001) has statistical effects, but when OLE comes
in as another independent variable (Model 2; R? =0.42), OLE
(8=-0.1385, p <0.05), agency (f=10.727, p<0.001), and goal-
directedness (8 = 0.147, p < 0.1) show statistical significance. Our
final model (Model 3; R2 = 0.44) indicates that agency (8 = 0.795,
p<0.001) and proactivity (f=0.250, p<0.1) have statistical

effects as a whole class. These results explain that all students in
the course consider agency and proactivity as crucial motivation
factors for achieving good grades. However, when it comes to
interaction terms of OLE (i.e., 0=offline, 1=online) the findings
reveal the moderating effects of OLE (Model 3) with five sub-
components of students’ identity, agency (8 =-0.3231, p <0.05)
and proactivity (f=-0.37, p<0.1) unraveled the negative
relationship, while goal-directedness (= 0.2793, p < 0.1) showed
positive. These results suggest that students’ achievement
motivations are 28 points higher in goal-directedness but 32
points and 37 points lower, respectively, in agency and proactivity
for those who take courses online.

The achievement motivation effects on future time orienta-
tion (see Table 7), the baseline of OLS regression estimation
(Model 1; R2=0.35), shows that only agency (B=0.7088,
p<0.001) has statistically significant effects as a whole class.
Model 2 (R2=0.35) and Model 3 (RZ=0.35) also show the
statistical significance of the agency of all students (= 0.7101,
p<0.001; =0.7581, p<0.001, respectively). However, no
moderation effect of OLE in Model 3 was found, indicating
no difference between the two learning environments. In
addition, Weak but still statistical significance of the average
digital device usage hour for academic purposes (aca_hr) on
future time orientation is revealed in all models (8= 0.0004,
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Average marginal effects

Effects on linear prediction
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Risk-taking moderation(agency*OLE)
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online
Risk-taking moderation(goal-directedness*OLE)

Fig. 2 Average marginal effects of significant moderators with 95% Cls.

p<0.1; B=0.0004, p<0.1; f=0.0005 p<0.1, respectively).
Although these OLS models contribute to the literature, a
discreet interpretation of the results is necessary as the effect
size (R?) of the model is comparatively low.

Discussion

First, the study revealed that students in OLE show lower scores
in goal-directedness, interpersonal relations, and self-acceptance
compared to students in the offline class. Emerging evidence
presents several concerns regarding students’ online learning
experience during COVID-19, including depression and learning
anxiety (Lee et al., 2021), decreased learning motivation (Baczek
et al, 2021) alongside increased learning burdens (Niemi &
Kousa, 2020), and limited collaborative learning opportunities
(Lau & Jong, 2022). Consequently, a range of regulation com-
petencies, including self-, co-, and shared regulation, are
increasingly essential to students’ learning process, experience,
and academic success in OLE (Lau & Jong, 2022). Accordingly,
recent studies explore the use of emerging technologies such as
Artificial Intelligence (AI) to support students’ regulated learning
by analyzing and interpreting individual student’s regulation
behaviors (Noroozi et al., 2019) as well as offering support that
scaffolds complex regulated learning processes in OLE (Molenaar,
2022; Kim et al, 2025). Drawing on existing research, we
recommend that online learning tool developers support students’
different modes of regulation during online learning processes
through an in-depth understanding of the nature of online
instruction and the position of students, instructors, and tech-
nologies. For instance, Jin et al. (2023) suggested that the degree
of Al intervention should be adjusted according to the degree of
the learner’s activeness; Al should take a more proactive role in
supporting students regulated learning for those with low
activeness, whereas Al should gradually decrease its intervention

Average marginal effects

Effects on linear prediction

-4
T
offline

T
online
Risk-taking moderation(proactivity*OLE)

for the learners with higher activeness. Such interactive features
and scaffolded feedback of Al could help students to build active
learner identity and agency, taking an active role in their learning
in OLE, by directing their learning tasks and goals, helping them
clarify and elaborate their understanding of tasks during the
learning process in OLE, and even analyzing and evaluating the
quality of learning tasks and performance, their learning experi-
ences (Jin et al., 2023; Kim et al., 2025).

Second, this study confirmed that students’ agency significantly
and positively influences risk-taking and future time-orientedness
of achievement motivation although personal responsibility, self-
efficacy, and task-orientedness were discarded probably due to
cultural differences. Earlier literature highlights that the affor-
dances of internet technologies can create a learning space where
students can safely test, experiment, fail, learn from failure, and
iterate toward success (Cho et al, 2015). These promote fore-
ground personal traits (e.g., adaptability, independent thinking
skills, etc.) and contextual components for creative risk-taking
and productive failure (Henriksen et al, 2021). Nonetheless, it
should also be highlighted that online learning is not practical for
every student. Studies have shown that an OLE that is freer and
more open induces an increased risk of irrelevant features, which
may detract from student learning and can be less beneficial than
in-classroom instruction, especially for students with a lower level
of agency (Blau & Shamir-Inbal, 2017). In line with this, Taub
et al. (2020) found that students’ agency relates to their problem-
solving behaviors in OLE, showing that students with more
agency exhibit more self-regulated learning behaviors and express
feeling more interested in the tasks compared to students with
low or no agency as they are not able to exert control over their
learning. It is necessary to include direct instruction/strategies
(e.g., set specific learning goals and strategies to attain these goals,
ongoing reflection) to activate students’ agency in the online
learning curriculum. Earlier studies have also highlighted that
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Table 7 OLS regression results on future time orientation (N = 334).
Category DV: Future time orientation Coefficient (robust st. err.)
Model 1 Model 2 Model 3
(Baseline) (OLE) (OLE interaction)
Covariates gender 0.00408 0.00513 -0.00549
(0.0626) 0(.0626) (0.0611)
age 0.00515 0.00557 0.00489
(0.0093) (0.0094) (0.0097)
naca_hr 0.00008 0.00009 0.0001
(0.0002) (0.0002) (0.0002)
aca_hr 0.00042F 0.00042F 0.00046"
(0.0002) (0.0002) (0.0002)
In-dependent variables OLE —0.02269 0.35425
(0.0742) (0.5289)
agency 0.70881"™"" 0.71011"" 0.75810""
(0.0623) (0.0621) (0.0722)
self-acceptance 0.04228 0.04438 —0.03481
(0.1482) (0.1499) (0.1788)
goal-directedness —0.04126 —0.03675 —0.07916
(0.0786) (0.0778) (0.1017)
proactivity 0.01314 - 0.15373
(0.0965) (0.0981) (0.1402)
interpersonal relation —0.02384 —0.02425 —0.03874
(0.0837) (0.084) (0.0842)
Moderation of OLE agency*OLE —0.14032
(0.1448)
self-acceptance*OLE 0.30M18
(0.3231)
goal-directedness*OLE 0.02922
(0.1648)
proactivity*OLE —0.32437
(0.2066)
interpersonal relation*OLE 0.02209
(0.2369)
constant 110922 1.09323™ 0.91079
(0.3049) (0.3098) (0.3564)
R2 0.3451 0.3453 0.3547
Robust standard errors in parentheses.
OLE in interaction term: O=offline, 1=online. )
Statistical significance: ***p < 0.001, **p<0.01, *p<0.05, p<0.1.

students’ perceptions and the effectiveness of online learning can
be improved by integrating agency training into the intervention
(Lai & Hwang, 2016; Wang, 2011).

Furthermore, it was worth noting that students’ use of digital
devices is significantly and positively related to their future time-
orientedness and achievement motivation in online learning
environments. These findings echo prior research highlighting
that the effectiveness of technology for educational outcomes
depends on how people use it, not simply having access to
technology (Bavelier et al., 2010; Comi et al.,, 2017). Caton et al.
(2022) report that students who effectively use technology for
academic purposes, not for entertainment, such as reading arti-
cles, searching for specific information, and manipulating the
available tools and technology to solve problems, have a higher
level of cognitive flexibility, which allows students to face new and
unexpected conditions in the online environment, restructure
their knowledge adaptively as they navigate, select and incorpo-
rate new information into new knowledge. In this regard, it is
crucial to foster students’ digital literacy and the ability to transfer
personal digital technology use skills to educational practice to
lead them to sort the information presented online effectively,
(de)construct and synthesize new knowledge, and achieve learn-
ing goals. Authentic problem-based learning activities could be
helpful to enhance students’ digital literacy. Students can improve

their use of technology to adequately solve problems and develop
deep knowledge in the learning domain (Caton et al., 2022; Cho
et al.,, 2015).

Conclusion

While traditional offline learning environments have long been
the norm, providing students with direct, face-to-face interactions
that shape their academic and social identities, the rise of OLEs
introduces new dynamics where digital interactions and virtual
classrooms redefine the educational experience. Understanding
these identity differences is paramount as it influences students’
engagement, motivation, and overall academic success. This study
examined the differences between students’ identities in offline
and OLE via PSM and how students’ identities affect learning
achievement motivation through ordinary least squares regres-
sion. The study findings revealed that goal-directedness, inter-
personal relation, and self-acceptance were lower in students’
identity construction in OLE. In addition, agency, OLE, and the
higher average digital device usage for academic purposes have
shown statistically significant impacts on achievement motiva-
tions. By exploring the nuances of student identity in both offline
and OLE contexts, the study offers implications for developing
effective pedagogical strategies that cater to the diverse needs of
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students, ensuring a more inclusive and supportive educational
environment.

The study, however, has some limitations that future research
should consider. First, this study examined students’ identity in the
Chinese context. Thus, the study recommends cultural sensitivity
when applying implications and contextualizing the research in
other countries with different educational cultures and systems.
More research in varying contexts is needed to examine and vali-
date students’ identity in OLE and its association with motivation
achievement, other learning attitudes, behaviors, or performance.
Second, this study relies on students’ self-report responses to
questionnaires, which may cause sampling bias. Hence, rigorous
research methods, such as qualitative interviews or longitudinal
studies, can be considered to cross-check current findings to reduce
the risk of inaccuracies. In addition, our data showed that the later
sections of the survey responses (i.e., personal responsibility, self-
efficacy and task-orientedness) were not valid even if they were of
highly replicable variables. This failure may contribute to the cul-
tural differences, where most questionnaires were developed based
on a Western cultural background. Future research should consider
conducting cross-cultural studies to understand how different
cultural values and educational practices shape students’ identities
and their relationship with academic motivation and achievement
in online learning environments. Finally, this study did not indi-
vidually examine differences in students’ identity depending on
students’ characteristics such as gender, age, areas of study, etc. as
this study used them for covariates in PSM. Future studies can
examine whether there is any difference in students’ identity
depending on such characteristics by incorporating two sample T-
test or PSM-DID.

Data availability

The datasets generated and/or analysed during the current study
are not publicly available due to institutional ethical policies
requiring that all human participant-related data remain within
China. However, the data are available from the corresponding
author on reasonable request and subject to approval in accor-
dance with these restrictions.
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