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Abstract

The COVID-19 pandemic caused school closures and social isolation, which created both learning and emotional challenges
for adolescents. Schools worked hard to move classes online, but less attention was paid to whether students were cogni-
tively and emotionally ready to learn effectively in a virtual environment. This study focused on online learning readiness
and emotional competence as key constructs to investigate their implications for students’ academic performance during the
COVID-19 period. Two groups of students participated in this study, with 1,316 high school students (Mean age = 16.32,
SD = 0.63) representing adolescents and 668 college students (Mean age = 20.20, SD = 1.43) representing young adults.
Structural equation modeling was conducted to explore the associations among online learning readiness, emotional com-
petence, and online academic performance during COVID-19 after controlling for pre—COVID-19 academic performance.
The results showed that, for high school students, both online learning readiness and emotional competence were positively
associated with online academic performance during COVID-19. However, for college students, only online learning readi-
ness showed a significant positive relationship with online academic performance during COVID-19. These results demon-
strated that being ready to study online and having high emotional competence could make adolescents more resilient toward
COVID-19-related challenges and help them learn more effectively online. This study also highlighted different patterns of
associations among cognitive factors, emotional factors, and online academic performance during COVID-19 in adolescence
and young adulthood. Developmental implications were also discussed.
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COVID-19, as a public health crisis, stimulated a subse-
quent education crisis in which the existing achievement
gap, learning loss, and dropout rate were exacerbated due
to school closures (Sahu, 2020; United Nations, 2020). To
prevent COVID-19 transmission, educational institutions
worldwide made massive efforts to shift from in-person to
online teaching (Basilaia & Kvavadze, 2020; Chen et al.,
2020; Daniels et al., 2021; Subedi et al., 2020). However,
little is known about whether students were cognitively and
emotionally ready to learn effectively online at the time of
transition.
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COVID-19 created learning challenges caused by changes
in educational platforms, especially for adolescents. Adoles-
cence is a time when peer influences expand (Knoll et al.,
2015; Knoll et al., 2016). With the dramatic changes in ado-
lescents’ “social brain,” these students have a stronger desire
for social interaction and are more sensitive to social isolation
(Blakemore, 2008; Steinberg, 2005; Yurgelun-Todd, 2007).
Social interactions with teachers, peers, and others are crucial
elements in adolescents’ learning experiences (Perret-Cler-
mont et al., 2004). Therefore, students struggle to be cogni-
tively engaged in class without the motivation of in-person
interactions with teachers and peers during online learning
(Kim & Frick, 2011; Zembylas et al., 2008). Moreover, the
new platform delivers information in an entirely different way
within a totally different environment (i.e., school vs. home),
which requires students to use technology and communicate
effectively virtually while resisting distractions in the new
environment (Aguilera-Hermida, 2020; Chen & Jang, 2010;
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Ferrer et al., 2020). In short, learning effectively online was
extremely challenging during the pandemic.

In addition, COVID-19-related mental health difficulties,
such as loss of relatives, social isolation, and heightened stress
and anxiety (Hamza et al., 2020; Son et al., 2020; Wang et al.,
2020), made students’ academic lives even more challenging
(Grubic et al., 2020; Liang et al., 2020; Thakur, 2020; Zhai &
Du, 2020; Zhao, 2021). As mentioned above, adolescence is a
developmental stage characterized by a particularly sensitive
“social brain” (Blakemore, 2008), and it is a critical period
for emotional competence development (Booker & Dunsmore,
2017; Trentacosta & Fine, 2010). As such, any interpersonal
and social-emotional suffering is magnified for adolescents
when compared to individuals in other developmental stages.
Students during this developmental stage need to have higher
emotional competence to cope with emotional distress effec-
tively, allowing them to be more resilient to the challenges
of the COVID-19 pandemic and perform better academically
(Baba, 2020; Bao, 2020). Therefore, this study focused on
online learning readiness and emotional competence as key
constructs to investigate their implications for students’ aca-
demic performance during the COVID-19 period.

COVID-19 and online learning readiness

Online learning readiness refers to students’ preparation to
learn effectively in an online environment (Demir Kaymak
& Horzum, 2013; Wei & Chou, 2020). Although whether
students are ready for the “novice” online learning environ-
ment of the COVID-19 pandemic is an ongoing question,
some preliminary findings provide insight into this ques-
tion. Within higher education, according to Chung et al.
(2020), students were generally ready for online learning
in Malaysia. However, other researchers claimed that stu-
dents’ learning readiness was lacking (Widodo et al., 2020).
In high school settings, students were found to have inad-
equate digital skills for online learning in Delhi (Bhaumik
& Priyadarshini, 2020). Conversely, Dwiyanti et al. (2020)
reported that most junior high school students in Indonesia
were ready and only needed a few improvements. Consider-
ing that each institution, country, and researcher may have
different standards of “being ready” for online learning, a
more meaningful question is this: How did online learning
readiness influence students’ academic performance during
the COVID-19 pandemic?

Online learning readiness and academic
performance

Facilitating academic success is especially important for

adolescents and young adults because academic performance
has significant implications for future career development
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(Negru-Subtirica & Pop, 2016; Van der Aar et al., 2019).
The current pandemic is lowering adolescents’ academic
motivation (Aboagye et al., 2020), inducing learning loss
(Kuhfield & Tarasawa, 2020; Turner et al., 2020), and ulti-
mately causing lower academic performance (Kuhfeld et al.,
2020). This phenomenon is partly due to a lack of readiness
for online learning. According to the OECD’s Programme in
International Student Assessment (PISA), most adolescents
from diverse countries (i.e., 15-year-olds in the 79 education
systems in the PISA database) were not ready to learn online
(Reimers & Schleicher, 2020).

Online learning is not purely about having a place or a
computer with which to study. More importantly, it requires
specific skills and online learning self-efficacy (Smith,
2005). Many studies have recognized the importance of stu-
dents’ motivation in the online learning environment (e.g.,
Chen & Jang, 2010; Khalilzadeh & Khodi, 2021). One chal-
lenge of online learning readiness research is that research-
ers have used different constructs, some of which overlap
with self-directed learning and motivation (e.g., Cigdem &
Ozturk, 2016; Pintrich, 2000; Zimmerman, 2008). Based on
previous studies and in an effort to distinguish online learn-
ing readiness from self-directed learning and motivation, the
current study focused on the three most-used factors in the
online learning readiness literature: computer and Internet
self-efficacy, learners’ self-control in online contexts, and
online communication self-efficacy (Hung et al., 2010; Yu,
2018).

Studies have indicated that these three online learning
readiness factors are associated with students’ online aca-
demic performance. Computer and Internet self-efficacy
concerns students’ confidence with computer and Internet
use (Hatlevik et al., 2018; Torkzadeh et al., 2006). Having
confidence in using Microsoft Office software or conducting
Internet research enables online problem-solving, lessens the
stress caused by technology, and improves academic perfor-
mance (Compeau & Higgins, 1995; Eastin & LaRose, 2000;
Tsai & Lin, 2004). Learners’ self-control in online contexts
refers to students’ ability to avoid distractions from social
media (e.g., Facebook or Instagram) and video games and to
focus on online courses and assignments (Teng et al., 2014;
Wang & Beasley, 2002). Finally, online communication
self-efficacy reflects students’ willingness and confidence
in online interactions with instructors and peers to deepen
understanding, which benefits their learning outcomes and
learning satisfaction (Roper, 2007; Yilmaz, 2017). Having
computer and Internet self-efficacy, self-control in online
contexts, and online communication self-efficacy assists
students with the transition to the online learning environ-
ment (Miao et al., 2020). Ultimately, these three factors all
contribute to students’ online learning performance.

Overall, online learning readiness has been shown to posi-
tively correlate with college students’ academic performance
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in the online learning environment (Davies & Graff, 2005; Lee
& Choi, 2013; Yu, 2018). Moreover, research results have been
consistent across studies in diverse college samples (Bernard
et al., 2004; Joosten & Cusatis, 2020). However, before the
current pandemic, the majority of online learning readiness
studies focused on higher education. More studies are needed
to address the role of online learning readiness in high school
students’ online academic performance and to determine how
to support high school students in preparing for online learn-
ing, especially during the COVID-19 pandemic.

COVID-19 and emotional competence

Beyond online learning preparedness (e.g., computer skills
or self-control in an online learning environment) for virtual
learning during the COVID-19 pandemic, students also need
emotional competence to prepare them for the hectic world.
Emotional competence is defined as an individual’s ability to
express, regulate, and understand emotions (Denham et al.,
2015; Saarni, 1999, 2000). Special attention needs to be paid
to adolescents’ emotional competence during the COVID-19
pandemic for two major reasons. First, emotional competence,
as a crucial factor in academic performance (Brackett et al.,
2012; Oberle et al., 2014; Rhoades et al., 2011) and effec-
tive functioning in adulthood (Kotsou et al., 2011; Taksié,
2002), are developed through socialization during adolescence
(Valiente et al., 2020). With the unavoidable social isolation
caused by COVID-19, adolescents have been shown to be less
aware and less accepting of their own emotions (Hurrell et al.,
2017; Valiente et al., 2020) and to have a harder time regulat-
ing their emotions (Casey et al., 2019; Cole, 2014). Indeed,
several early works on COVID-19’s immediate impacts
reported an increase in low emotional competence-related
mental health issues in adolescents and young adults (e.g.,
Janssen et al., 2020; Orgilés et al., 2020; Smirni et al., 2020).
Second, there is an urgent need for adolescents to be emo-
tionally competent to deal with the extra emotional distress
caused by COVID-19, including the experience of illness,
loss of relatives, and financial difficulties during the pan-
demic (Li et al., 2021; Pan, 2020; Wathelet et al., 2020) as
well as feelings of anxiety, depression, and sadness (Imran
et al., 2020). Having high emotional competence would help
students control and regulate their grief, sadness, and stress
to cope with the new online learning environment more
effectively (Baba, 2020; Moron & Biolik-Moron, 2020).

Emotional competence and academic
performance

High emotional competence could not only lessen mental
health issues but could also contribute to academic per-
formance in both adolescent and young adult populations

(Brackett et al., 2012; Harley et al., 2019; Parker et al.,
2004). Low emotional competence is related to increased
mental health problems (e.g., Janssen et al., 2020; Orgilés
et al., 2020; Smirni et al., 2020), which in turn interfere with
academic performance (Dekker et al., 2020; Tembo et al.,
2017). COVID-19 escalated this linkage because adolescents
had a harder time regulating emotions due to social relation-
ship changes (Akgiil & Atalan Ergin, 2021; Mathews et al.,
2016) and experienced higher levels of emotional distress
caused by COVID-19-related issues (Magson et al., 2021).

According to recent research, students with a better abil-
ity to perceive and regulate emotions had higher online
learning readiness levels and were more resistant to online
distractions (Engin, 2017), so they were more likely to have
better academic performance in an online learning setting
(Artino Jr & Jones II, 2012; Kim & Pekrun, 2014). However,
most emotional competence studies have been conducted
in traditional face-to-face learning settings and focused on
specific emotions, so it is necessary to test the role of emo-
tional competence in online settings, especially during the
current pandemic. Moreover, emotional competence plays
different roles in adolescents’ and young adults’ lives (Hal-
lam et al., 2014; Kotsou et al., 2011), but few studies have
differentiated the roles that emotional competence play in
academic performance between adolescence (high school
students) and young adulthood (college students). Therefore,
more research is needed to address the role that emotional
competence plays during the COVID-19 pandemic from a
developmental perspective.

The current study

Above all, online learning readiness and emotional com-
petence are critical for understanding adolescents’ aca-
demic performance during COVID-19. Given the lack of
research on high school students’ online learning readiness
and students’ emotional competence in online settings, lit-
tle is known about whether online learning readiness and
emotional competence may influence students’ academic
performance differently for high school students (adoles-
cents) and college students (young adults). Therefore, this
study aimed to (a) investigate how online learning readi-
ness and emotional competence contribute to students’ aca-
demic performance in both high school and college students
during COVID-19 and (b) explore whether the pattern of
associations would be different in high school students and
college students. As mentioned above, college students
with better online learning readiness have been shown to
have higher online academic performance (e.g., Tsai & Lin,
2004; Yilmaz, 2017), and in a traditional face-to-face set-
ting, students with higher emotional competence have tended
to have better academic performance (e.g., Brackett et al.,
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2012; Harley et al., 2019). In aim (a), this study proposed
two hypotheses: Hypothesis I—Both high school and col-
lege students with a higher level of online learning readiness
will have better online academic performance during the
COVID-19 pandemic; Hypothesis 2—Both high school and
college students with better emotional competence will have
higher online academic performance during the COVID-19
pandemic. Without enough evidence in the extant literature
for us to make a specific prediction, aim (b) will be exam-
ined in an exploratory manner.

Method
Participants and procedure
High school sample

This study recruited 1,689 first-year students from a high
school in northeast China with medium education quality.
As recommended by Kline (2015), the minimum sample-
size-to-parameters ratio would be 10:1. In the high school
sample, the number of model parameters that required sta-
tistical estimates was 99. The sample-size-to-parameters
ratio in our study was 17:1, meeting the requirement of
above 10:1. A survey was set up on Wen Juan Xing (a Chi-
nese survey engine similar to Qualtrics). The head teacher
first sent out the consent form to students’ parents through
WecChat. Parents signed the form electronically and returned
it to the head teacher. After obtaining consent from par-
ents or guardians, the head teacher sent the survey link to
students through WeChat during students’ free time. The
survey data were collected over a 2-week period in July
2020. After removing “careless cases” (i.e., the responses
from participants who failed the attention check), the final
sample consisted of 1,316 first-year high school students
(39.1% male, 53.8% female, and 7.1% preferred not to say).
We incorporated two attention checking items to avoid care-
less responses. For example, for this question, please select
disagree. Participants who answered both attention checking
questions correctly were included in this study. Participants’
ages ranged from 15 to 18 years old (Mean = 16.32, SD =
0.63); 94.2% identified their race as Han (i.e., the majority
in China), and 5.8% identified as minorities.

College student sample

A sample of 1,049 college students was recruited from a
4-year university in northeast China with medium education
quality. In the college sample, the number of model param-
eters that required statistical estimates was 75. The sample-
size-to-parameters ratio was 14:1, above the recommended
10:1 (Kline, 2015). The same survey on Wen Juan Xing was
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used to collect data. A university lecturer first sent out the
consent form to students or students’ parents or guardians
through WeChat (with forms sent to parents/guardians only
for those students who were under 18). After receiving the
signed consent forms, the university lecturer sent the survey
link to students through WeChat during students’ free time.
The survey data were collected over a 2-week period in July
2020. After removing careless cases (i.e., the responses from
participants who failed the attention check), the final sam-
ple consisted of 668 college students (43.3% male, 51.8%
female, and 4.9% preferred not to say). Participants’ ages
ranged from 17 to 25 years old (Mean = 20.20, SD = 1.43).
Among them, 149 were freshmen, 207 were sophomores, 76
were juniors, and 236 were seniors; 89.2% identified their
race as Han (i.e., the majority in China), and 10.8% identi-
fied as minorities.

Measurement
Translation

All questionnaires originally in English (i.e., questionnaires
on emotional competence and online learning readiness)
were translated into Chinese through translation and back-
translation procedures (Beaton et al., 2000). Specifically, one
Chinese postdoctoral student fluent in English translated the
scales to Chinese, and another Chinese university lecturer
back-translated all scales to ensure translation accuracy. A
bilingual US university faculty member checked both the
translated and back-translated scales to further validate the
translation. The whole survey included demographic infor-
mation (e.g., gender, age, race) and questionnaires on emo-
tional competence and online learning readiness.

Emotional competence

Emotional competence was measured by the Short Profile
of Emotional Competence (S-PEC), which demonstrated
high internal reliability in the original study (D-G Rho =
0.85; Mikolajczak et al., 2014). The S-PEC included five
parallel subfactors in both the intrapersonal (10 items) and
interpersonal (10 items) dimensions. Each of the five sub-
factors was assessed by two items. These subfactors were
identification (e.g., “When I am touched by something, I
immediately know what I feel””), comprehension (e.g., “I
do not always understand why I respond in the way I do”),
expression (e.g., “I find it difficult to explain my feelings
to others even if I want to”), regulation (e.g., “When I am
angry, I find it easy to calm myself down”), and utilization
(“If T wanted, I could easily make someone feel uneasy”).
All items were rated on a scale from 1 = never to 5 = very
often. In our study, two items in each subfactor were aver-
aged to create a composite score; a higher value indicated
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better emotional competence in that specific subfactor. In
our samples, both the reliability (Cronbach’s a = 0.71 in
the high school sample and 0.76 in the college sample)
and the constructive validity (high school sample: X2(25)
= 48.12, p = 0.004, CFI = 0.99, TLI = 0.98, RMSEA
(90% CI) = 0.03 (0.02-0.04), SRMR = 0.02; college sam-
ple: X2(29) =59.62, p = 0.001, CFI = 0.98, TLI = 0.97,
RMSEA (90% CI) = 0.04 (0.03-0.05), SRMR = 0.03) of
this translated measure were acceptable.

Apart from the confirmatory factor analysis, to further
validate the psychometric properties of this translated
instrument, we conducted item response theory analy-
ses, like Alavi et al. (2021) and Khodi et al. (2021). Spe-
cifically, we applied the polytomous Rasch Rating Scale
model (Andrich, 1978) to both the high school and college
samples. Rasch measurement theory provides a clear and
theoretically based framework that allows researchers to
evaluate the degree to which the instrument adheres to
invariant measurement (Martha et al., 2021; Wind et al.,
2021; Wind & Guo, 2019). We used Winsteps software
(Linacre, 2016) to obtain model-data fit statistics (i.e., infit
and outfit MSE) and the reliability of separation statistics
(Rel) for students and items. On average, the values of
model-data fit statistics were around 1 for both high school
students (M4 psg = 1.01, SD = 0.73; M5 s = 1.02,
SD = 0.72) and college students (Mg, 55 = 1.02, SD =
0.88; M, st mse = 1.00, SD = 0.84), and for items, the infit
and outfit MSE were also close to 1 (high school sample:
Moo mse = 1.03, SD = 0.28; M, 5 mse = 1.02, SD = 0.26;
college sample: M; 4 yse = 1.00, SD = 0.27; M 5¢ yse =
1.00, SD = 0.26), indicating acceptable fit to the Rasch
model. The reliability of the separation statistic for stu-
dents (high school sample: Rel = 0.86; college sample: Rel
= 0.88) suggests that the instrument effectively differenti-
ated students with different levels of emotional compe-
tence. Similarly, the reliability of the separation statistic
for items (high school sample: Rel = 1.00; college sample:
Rel = 1.00) indicates that there were differences in dif-
ficulty to endorse each item. We also conducted differen-
tial item functioning (DIF) analysis to determine whether
the item response differed between high school students
and college students while controlling for an estimate of
emotional competence. Several researchers (Draba, 1977,
Wind & Guo, 2019; Wright et al., 1976) have recom-
mended that absolute logit differences that exceed 0.5 sug-
gest that DIF occurs between two groups. Our results show
that the range of differences in Rasch calibrations were
from -0.38 logits to 0.43 logits, which indicates that there
were no substantively meaningful differences between
high school students and college students. In summary, the
emotional competence instrument demonstrated accept-
able psychometric properties for measuring emotional
competence among both high school and college students.

Online learning readiness

Items that directly targeted the online learning environment
on the Online Learning Readiness Scale (OLRS; Hung et al.,
2010) were employed to measure online learning readiness.
Specifically, there were three items in each of the follow-
ing three subscales: computer/Internet self-efficacy (e.g., “I
feel confident in my knowledge and skills of how to manage
software for online learning,” Cronbach’s a = 0.74), learner
control in online contexts (e.g., “I can direct my own learn-
ing progress in online courses,” Cronbach’s o = 0.73), and
online communication self-efficacy (e.g., “I feel confident
in expressing myself [emotions and humor] through text,”
Cronbach’s a = 0.87). All items were rated from 1 = strongly
disagree to 5 = strongly agree. Three items on each of the
subscales were averaged to create a composite score so that
a higher value indicated higher levels of online learning
readiness on that subscale. In our samples, both reliability
(Cronbach’s o ranged from 0.72 to 0.73 in the high school
sample and 0.75 to 0.82 in the college sample) and con-
structive validity (high school sample: X2(19) = 100.04, p
< 0.001, CFI =0.98, TLI = 0.96, RMSEA (90% CI) = 0.06
(0.05-0.07), SRMR = 0.02; college sample: X2(22) =45.70,
p =0.002, CFI = 0.99, TLI = 0.99, RMSEA (90% CI) =
0.04 (0.02-0.06), SRMR = 0.02) of this translated measure
were acceptable.

Apart from the confirmatory factor analysis, to further
evaluate the psychometric properties of the translated OLRS,
we also conducted Rasch analysis as we did for S-PEC. The
results indicate that OLRS exhibited acceptable psychomet-
ric properties for measuring both high school and college
students’ online learning readiness. Specifically, the average
values of model-data fit statistics were around 1 for both
groups (high school sample: M, s p5p = 1.00, SD = 0.98,
M 6 mse = 1.00, SD = 0.97; college sample: M; g yse =
0.96, SD = 1.15; M4 pse = 0.97, SD = 1.17) and items
(high school sample: M, psz = 1.00, SD = 0.19, M 6 mse
= 1.00, SD = 0.20; college sample: M4, ysz = 0.99, SD
= 0.19, M5 yse = 0.97, SD = 0.20). The reliability of
separation statistics for students (high school sample: Rel =
0.86; college sample: Rel = 0.87) and for items (high school
sample: Rel = 0.99; college sample: Rel = 0.98) suggest that
OLRS can effectively differentiate among individuals with
different levels of online learning readiness. DIF analysis
demonstrated that there were no substantively meaningful
differences between high school students and college stu-
dents (-0.41 < logit difference < 0.33).

Academic performance
After getting approval from their institutions, consent

from students and their parents/guardians (for minor-aged
students), we obtained students’ academic performance
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(indicated by final exam scores) from their teachers in both
the high school and the college samples. In the high school
sample, we collected students’ final exam scores on Chinese,
math, and English—three major disciplines in the Chinese
high school education system (the maximum possible score
for each discipline was 150). In the college sample, we gath-
ered students’ average final exam scores across all courses
they had taken (the maximum possible score was 100). We
collected participants’ scores at two time points (T1 and T2)
for both samples. T1 was before the COVID-19 pandemic
when traditional face-to-face teaching was used, and T2 was
during the COVID-19 pandemic when online synchronous
teaching was used. Students in both samples had similar
online learning experiences. Specifically, the online synchro-
nous teaching adopted Dingding (a Chinese meeting soft-
ware application like Zoom), and Microsoft Office programs
were used for assignments. WeChat (a Chinese messaging
app) was utilized for teacher—teacher, teacher—student, stu-
dent—student, and teacher—parent communication. For the
high school sample, data were collected in December 2019
(T1) and July 2020 (T2); for the college sample, data were
collected in January 2020 (T1) and June 2020 (T2). Students
were assigned a four-digit research ID to confidentially link
their final exam scores and the survey results.

Plan of analysis

Data analysis was conducted in Mplus version 8.4 (Muthén
& Muthén, 2017). In both the high school and college sam-
ples, measurement models via confirmatory factor analysis
(CFA) were first estimated on the latent constructs of emo-
tional competence, online learning readiness, and academic
performance (high school sample only), individually. Spe-
cifically, the latent variable of emotional competence was
indicated by 10 composite scores—identification, com-
prehension, expression, regulation, and utilization in both
intrapersonal and interpersonal domains. The latent variable
of online learning readiness was indicated by three compos-
ite scores of computer/Internet self-efficacy, learner control
in online contexts, and online communication self-efficacy.

In the high school sample, the latent variable of pre-
COVID academic performance was indicated by students’
final exam scores on Chinese, English, and math at T1, and
the latent variable of during-COVID academic performance
was indicated by these three scores at T2. An overall meas-
urement model including both the T1 and T2 latent con-
structs of academic performance was conducted after a CFA
for each time point. In the college sample, because there was
only a single score for each time point, that single score was
used as a manifest variable for academic performance at T1
and T2. In each measurement model, correlations between
residual variances were added one at a time according to
modification indices (Sorbom, 1989).
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Next, we used structural regression models to examine
the association between emotional competence, online learn-
ing readiness, and students’ during-COVID academic per-
formance while controlling for their pre-COVID academic
performance and the demographic characteristics of age
and gender. That is, the T2 academic performance variable
was regressed on age, gender, T1 academic performance,
emotional competence, and online learning readiness. All
predictors were allowed to correlate with each other. This
analysis was conducted separately in the high school and
college samples.

Both measurement models and structural regression mod-
els were estimated using full information maximum likeli-
hood estimation to minimize the bias caused by missing-
ness (Widaman, 2006). Overall model fit acceptability was
evaluated using the following criteria: the comparative fit
index (CFI) value was greater than 0.95, the Tucker-Lewis
index (TLI) was greater than 0.90, the root mean square
error of approximation (RMSEA) was less than 0.06, and
the standardized root mean square residual (SRMR) value
was less than 0.08 (Hu & Bentler, 1999). Standardized path
coefficients were reported in each model.

Last, group invariance tests were conducted across gen-
der groups in both the high school and college samples to
indicate whether the overall structural regression model was
significantly different by gender. This was done by compar-
ing two multiple group models that did not include gender
as a control variable: in the first model, all regression paths
were freely estimated across groups; in the second model,
all regression paths were constrained to be the same across
groups. Changes in the CFI (ACFI) were used as a preferred
approach for model fit comparison, with ACFI equal to or
greater than 0.01 indicating a significant change in model fit
caused by path constraints (Cheung & Rensvold, 2002). This
approach was more suitable than the Chi-square difference
test for a large sample.

Results

Table 1 includes descriptive statistics and correlation infor-
mation for the variables used in the structural regression
models. The lower panel shows correlations in the high
school sample, and the upper panel depicts correlations in
the college sample. Overall, variables were correlated in the
expected directions in both samples. Moreover, the CFA
models for emotional competence, online learning readiness,
and academic performance across T1 and T2 all showed a
good fit with the data (see Table 2).

In the high school sample, the structural regression model
had acceptable model fit, where y*(153) = 669.25, p < 0.01;
CFI = 0.94; TLI = 0.92; RMSEA = 0.05 (90%: 0.05-0.06);
SRMR = 0.05. All regression paths are listed in Fig. 1 (a). Both
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Table 1 Correlations, Means, and Standard Deviations

Correlations 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1. ECintra_id - L9 022 32 21 42 37 30 28 30 51 41 52 .02 .08 -02 .02
2. ECintra_co 27 - 42 47 12 42 51 33 36 =03 29 26 32 -0l .02 .01 .05
3. ECintra_ex A0 34 - B3 .09 36 35 27 42 06 22 22 34 01 .03 .05 -.01
4. ECintra_re A5 40 29 - .08 30 34 22 28 06 .29 .23 .30 -01 .05 .01 -.05
5. ECintra_ut 20 06 -05 -09 - JA8 .09 12 .00 .01 .05 .07 10 -.05 -.05 -.05 -.02
6. ECinter_id 35 36 32 24 A5 - 41 39 38 -01 29 23 .29 01 .03 -.02 .09
7. ECinter_co 206 31 25 23 .09 41 - 33 35 -05 26 24 29 .01 .08 -.03 .04
8. ECinter_ex J9 19 29 A5 04 33 27 - 29 -0 31 25 31 .01 .03 -.02 .07
9. ECinter_re 20 25 38 24 05 36 27 39 - 07 26 29 31 -05 .02 .04 .02
10. ECinter_ut 23 00 J2 -02 03 09 .04 04 A3 - 22 15 28 -11 -.09 -.05 =11
11. OL_eff S5 10 16 21 05 a4 12 A2 19 A8 - J1 .71 .07 19 -.02 .00
12. OL_con 24 10 19 19 -04 08 .10 06 A7 .09 .66 - .68 .06 A3 .04 .01
13. OL_com S6 16 31 25 06 19 17 20 29 26 .68 .S58 - -.01 .08 .00 -.04
14. T1 score 09 02 -03 -01 a0 -01 .03 -07 -0 .00 .08 .06 .02 - .64 -.01 27
15. T2 score A5 .06 .05 02 .08 .04 .05 .01 -04 05 A3 14 11 72 - .04 23
16. Age -01 .03 .03 -02 -07 -01 -01 -01 .02 -05 -05 .02 -07 -09 -.08 - -15
17. Gender A7 04 02 -08 07 J2 07 A3 -04 -03 -05 -06 -07 .04 A3 =06 -
Mean H. 375 320 275 3.1 330 334 332 320 299 276 325 294 316 9552 10392 1632 1.58
C. 381 347 3.15 342 323 355 343 335 3.19 297 378 359 3.64 76.03 76.00 2020 1.54
S.D. H. 094 081 092 1.02 071 0.85 0.83 0.88 087 096 094 090 090 16.64 13.61 0.63 049
C. 085 0.78 087 0.86 064 0.78 075 0.77 0.80 0.93 0.83 0.83 0.87 6.75 8.59 143  0.50

Note. Statistically significant correlations are bold and underlined (p < .05). For gender: 1=male, 2=female.

The lower panel presents correlations in the high school sample and the upper panel presents correlations in the college sample.

EC=Emotional Competence, intra=intrapersonal dimension, inter=interpersonal dimension, id=identification, co=comprehension,
re=regulation, ut=utilization; OL=Online Learning, eff=computer/internet self-efficacy, con=Ilearner control in online contexts, com=online

communication self-efficacy; T1 score=pre-COVID final exam score, T2 score=during-COVID final exam score; H.=high school sample,
C.=college sample.

Due to space limit, high school T1 score and T2 score were composite scores (i.e. average score of Chinese, English, and Math at T1 and T2) in
this correlation table (but they were latent variables in the formal analyses).

emotional competence (5 = 0.06, p = .030) and online learning Overall, the pattern of associations among variables was

readiness (f = 0.07, p = .006) were significantly associated
with high school students’ during-COVID academic perfor-
mance, even after accounting for the stability of their academic
performance from the pre-COVID to during-COVID periods
(#=0.78, p < .001) and controlling for the influence of age (f
=-0.02, p = .489) and gender (# = 0.07, p = .009).

In the college sample, the structural regression model had
good model fit, where )(2(95) =192.80,p < 0.01; CFI = 0.97;
TLI=0.96; RMSEA = 0.04 (90%: 0.03-0.05); SRMR = 0.04.
All regression paths are listed in Fig. 1 (b). Only online learn-
ing readiness (f = 0.15, p = .003) was significantly associated
with college students’ during-COVID academic performance
after accounting for the stability of their academic perfor-
mance from the pre-COVID to during-COVID period (f =
0.61, p < .001) and controlling for the influence of age (f =
0.07, p = .061) and gender ( = 0.08, p = .024). However,
unlike the high school group, the association between emo-
tional competence and during-COVID academic performance
was not significant for college students (f = - 0.02, p = .756).

consistent across gender groups in both the high school and
college samples, which was indicated by the insignificant
change in the overall model fit (high school sample: ACFI =
.000; college sample: ACFI = .002) between the model with
constrained regression paths (i.e., constrained model) and the
model with freely estimated regression paths (i.e., freely esti-
mated model) across gender groups. This suggests that the
association among emotional competence, online learning
readiness, and during-COVID academic performance was
representative of the whole sample (in the high school sample
and college sample) regardless of a participant’s gender.

Discussion

The present study was designed to evaluate how online
learning readiness and emotional competence are related
to students’ online academic performance during the
COVID-19 pandemic. The results of structural regression
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Table 2 Model fit information

x2(df) CFI TLI RMSEA (90%CI) SRMR
for measurement models and
structural regression models High School Sample
M1: EC 48.12 (25) ** 099 098 0.03(0.02-0.04) 0.02
M2: OL - - - - -
M3: T1 score - - - - -
M4: T2 score - - - - -
MS5: overall (exclude gender, age) 367.90 (123) ** 097 096 0.04(0.03-0.04) 0.04
S: overall structural regression model ~ 00925 (153)™* 994 092  0.05(0.05-0.06)  0.05
College sample
M1: EC 59.62 (29) ** 098 097  0.04 (0.03-0.05) 0.03
M2: OL - - - - -
Ma3: overall (exclude gender, age) 164.08 (73) ** 097 096 0.04 (0.03-0.05) 0.04
S: overall structural regression model 192.80 (95) ** 0.97 096  0.04 (0.03-0.05) 0.04
Note. *p < .05, **p < .01.
M1-M5=measurement model 1-5, S=structural regression model, EC=Emotional Competence,

OL=Online Learning Readiness, T1 score=Pre-COVID Academic Performance, T2 score=During-COVID

Academic Performance.

Model fit information of M2-M4 in high school sample and M2 in college sample were not available, since
there were only 3 manifest variables loading on 1 latent variable in each model and these models were just

identified

models in both the high school and college samples gener-
ally supported our hypotheses. Consistent with Hypoth-
esis 1, online learning readiness was associated with
academic performance significantly for both high school
students and college students (after controlling for their
pre-COVID academic performance). However, there were
some nuanced differences in the association between emo-
tional competence and academic performance in the two
samples. Partially consistent with Hypothesis 2, emotional

— - o ~~
/ Emotional ™
\._ Competence =/

" Ouline

‘\ Learning .
—_Readine s_sﬁ,//

///"‘15;;(‘70\71’1’)\‘\

™~ , .
N R2= .66**
N T
N “During-COVID ™
N, 0.78%* A /ADuuu‘ COVID

‘\ Academic Academic /'
~ Performance

Gender

a. High School Sample

Note. *p < .05, ¥*p < .01.

~ Performance -

competence was significantly associated with high school
students’ academic performance, but such an association
was not significant for college students. This finding also
shed light on our second exploratory research question
about the potentially different patterns of association
among these constructs during adolescence (high school
sample) and young adulthood (college sample). The asso-
ciation between online learning readiness and online aca-
demic performance was consistent across the two samples,

‘,/ Emotional ™~
' Competence RN
\\\, p j// .

*.-0.02
// LOnlu.le = .
( earning ~0.15%*
\\Jisﬂﬂi&/ N .
~o ™ R2= 44%*
~ ™
Pre-COVID 0.61** 4 During-COVID
Academic Performance -7"| Academic Performance
S
0.07..-~ //
Age //
/ 0.08*
Gender

b. College Sample

Fig. 1 The Associations of Emotional Competence, Online Learning Readiness, and Academic Performance. All predictors were correlated with
each other. Residuals were allowed to correlated according to modification indices
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but the association between emotional competence and
online academic performance during COVID-19 was
different.

The findings for online learning readiness were consist-
ent with previous research (e.g., Cigdem & Ozturk, 2016;
Horzum et al., 2015) and highlighted the vital role of online
learning readiness in the high school population. Both high
school students and college students who are more ready
to learn online had better online learning academic perfor-
mance. Specifically, high school and college students who
have confidence in using Microsoft Office programs, manag-
ing software, and using the search engines (e.g., Google and
Yahoo) were more likely to have higher academic perfor-
mance (Tsai & Lin, 2004). Moreover, as in previous studies
(Roper, 2007; Yilmaz, 2017), students who could direct their
own learning online, avoid online distractions (e.g., instant
messages or surfing the Internet), and communicate effec-
tively with peers or instructors online demonstrated stronger
academic performance during COVID-19.

All these findings are in line with classical develop-
mental psychology theories, especially Bandura’s (1969,
1977) interactive triangle of personal factors, personal
behaviors, and environmental factors and Vygotsky’s
(1978) social learning theory. A change in social and
learning environment could influence students’ learning
significantly, and how well students’ responses fit the
environment are key factors of the learning outcome.
Online learning and the pandemic are foreign for both
high school and college students; the more ready stu-
dents are, or the more quickly they can adjust to the new
environment, the better their learning outcomes will be
(Tu, 2002).

Developmental differences were identified in the asso-
ciations between emotional competence and academic
performance. The association between emotional compe-
tence and during-COVID-19 academic performance in the
high school sample confirmed the findings from previous
research that high emotional competence could contribute
to academic performance (Brackett et al., 2012; Garner,
2010). Adolescents who could identify, comprehend, regu-
late, and utilize their own or others’ emotions performed
better academically (Brackett et al., 2012; Durlak et al.,
2011; Zins et al., 2007). Such findings are consistent with
Pekrun’s (2000, 2006) control-value theory of achievement
emotion, which highlights the emotional arousal in aca-
demic settings elicited by academic achievement. Achieve-
ment emotion can influence cognitive, motivational, and
regulatory processes associated with learning and achieve-
ment. Conversely, negative emotions consume energy that
is essential for cognition and impair academic performance
(Meinhardt & Pekrun, 2003). Therefore, adolescents who
could better identify and regulate emotion achieved higher
grades in the current study.

However, in the college sample, no association was
identified between emotional competence and academic
performance. This discrepancy in the association pattern
between emotional competence and during-COVID-19
online academic performance is likely due to two fac-
tors: developmental differences and different measure-
ments of academic performance. Developmentally, ado-
lescents may have a harder time regulating emotions due
to brain, body, and social relationship changes (Casey
et al., 2019; Miller-Slough & Dunsmore, 2016), so emo-
tional competence appears to be more critical for adoles-
cents than young adults. The discrepancy might also be
caused partially by the different measures of GPA (i.e.,
high school—Chinese, math, and English total grade;
college—a single average score).

The current study has both theoretical and practical
implications. The relatively large pooled sample sizes
(15-25 years of age) enabled us to make more general-
izable statistical inferences about both high school stu-
dents (adolescents) and college students (young adults),
at least in the Chinese student population. Theoretically,
this study added to the limited literature on adolescents’
online learning readiness (Tsai & Lin, 2004) and rep-
licated prior work in the college population to empha-
size the important role online learning readiness plays
in online academic performance during young adulthood
(e.g., Hung et al., 2010; Rafique et al., 2021). Moreover,
our findings extended previous research on the impact of
emotional competence on psychological development out-
comes (e.g., Kotsou et al., 2011; Valiente et al., 2020) to
highlight its crucial role in online academic performance,
especially for high school students.

Practically, this study informed both high schools
and higher education institutions that preparing students
to learn online is as essential as preparing the institu-
tion to operate online (Habibu et al., 2012; Littlejohn
& Pegler, 2007). Being ready to transition to an online
learning environment and having high emotional compe-
tence could make adolescents more resilient to COVID-
19-related challenges, such as social isolation and learning
loss (Shanahan et al., 2020). Educational institutions not
only need to provide instructions on how to use Microsoft
Office software and online searching techniques but should
also provide learning strategies like how to avoid online
distractions (e.g., social media and video games) and how
to communicate effectively with teachers and peers online.
Such guidance would be especially beneficial for students
who think they are not ready for online learning. Moreo-
ver, students’ mental health issues need to be addressed
by emotional competence-related interventions, especially
for adolescents (Lau & Wu, 2012). Schools and universi-
ties should consider having interventions and training on
emotional competence to promote students’ mental health
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and help them navigate the volatile, uncertain, complex,
and ambiguous world (Hadar et al., 2020). Effective strate-
gies of identifying, comprehending, regulating, and utiliz-
ing emotions should be offered via online instructions and
activities, especially for high school students. Moreover,
online counseling should be more accessible for adoles-
cents (O’Connor, 2020; Wen et al., 2020).

Limitations

This study has some limitations that should be consid-
ered when interpreting its results. First, although pre-
COVID academic performance has been controlled for
from a longitudinal perspective, the directionality of the
association between online learning readiness, emotional
competence, and online academic performance during
the COVID-19 pandemic could not be deduced due to
the cross-sectional nature of the current data. The dif-
ferent measures of grade point average across the sample
may have contributed to different findings for the groups
Second, self-reported data on emotional competence and
online learning readiness unavoidably introduced bias
into the measurements. Thirdly, this study did not account
for demographic control variables such as socioeconomic
status, which can be a key factor contributing to students’
access to computers and the Internet or other resources.
Moreover, the data collection intervals were different for
high school and college students, being 2 months less for
the latter group.

Future directions

Future studies that include students in small towns and
rural areas will enrich the generalizability of our findings
because our samples were predominantly students from
cities. Rural or suburban students would likely have less
access to online resources or learning resources in general
(Lai & Widmar, 2021). Moreover, longitudinal research
is needed to infer the associational patterns of emotional
competence and online learning readiness with academic
performance, considering the enduring and emerging
nature of emotional competence during adolescence
(including young adulthood) and their potential nuanced
implications for academic performance trajectory. Regard-
less, this is one of the first studies, to our knowledge, that
simultaneously considered cognitive and emotional fac-
tors associated with online academic performance across
different developmental stages in adolescence during the
COVID-19 pandemic.

Availability of data and material The authors do not have
permission to share the data used in this study.
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