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ABSTRACT

This study explored the self-efficacy of senior high school Science, Technology, Engineering, and Mathematics (STEM) students (n = 134)
in an online physics class in terms of gender and its relationship to engagement. The study employed a descriptive correlation research
design. Adapted instruments namely “Sources of Self-Efficacy in Science Course — Physics” (SSSCP) and “Engagement in Physics
Scale” (EPS) were used to collect the data from the students. SSSCP was correlated with the scores of “Self-Efficacy for Academic
Milestone-Strength” scale for its validity. Reliability and validity of EPS was examined through Cronbach alpha and confirmatory factor
analysis with acceptable results. Mean and standard deviation were used to answer the research questions while independent samples
t-test, Cohen’s d, and Pearson r correlation were used to test the hypotheses. It was revealed that both male and female students have a
high level of self-efficacy in the following: overall, vicarious experience, verbal persuasion, and performance accomplishment with an
average level for the emotional arousal (EA). Furthermore, a significant difference across gender was found only on the EA sub-level
with a small effect size of 0.32. Moreover, positive correlation was found between overall self-efficacy and overall engagement as
well as on cognitive engagement. On the other hand, a negative correlation was revealed between overall self-efficacy and emotional
engagement. Focusing on increasing the self-efficacy of students in an online physics class should be practiced by teachers in order to

increase engagement.
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INTRODUCTION AND LITERATURE REVIEW

n March of 2020, the World Health Organization
Iproclaimed COVID-19 as a pandemic. This led to many

countries going into a lockdown which forced their
education sectors to halt face-to-face classes and shift to an
online delivery of classes. Given the said mode of learning, it
is valuable to investigate the learning process of the students
during synchronous and asynchronous classes. Studies on the
learning process of the students in the said mode of learning
are scarce (Aguilera-Hermida, 2020). This study investigated
the self-efficacy of students in the said context across gender
and their relationship to engagement which is an intrinsic part
of the learning process (Boekaerts, 2016).

Self-efficacy (Bandura, 1977) is the belief of an individual
that they can succeed in any given situation and that effort will
be exerted to achieve the desired result. It comes from both
personal experience and social interactions. The following are
the sources of self-efficacy:

1. Performance accomplishment (PA)—Repeated success can
improve self-efficacy, whereas repeated disappointment
can reduce it

2. Vicarious experience —The observer would believe that
if others can do it, he can also do it and will result to
increased self-efficacy. Seeing others fail in a certain task
will likewise decrease the self-efficacy of the observer

3. Verbal persuasion — influenced by verbally encouraging
or discouraging a person in connection to performing a
certain task

4. Emotional arousal (EA) —The more at ease an individual
is in doing a certain task, the more he would believe that
he is competent in doing that task.

These sources of self-efficacy are the same whether the
students are in a traditional or online class setting as reported
in the study conducted by Lin et al. (2013).

It was confirmed through separate investigations done by
Britner and Pajares (2005) and Kiran and Sungur (2011) that
each of these sources correlated significantly particularly with
middle school students’ self-efficacy in the science domain.
This indicates that it is valid to analyze self-efficacy of
students through its sources. Although, it was emphasized by
Zimmerman (2000) and Stewart et al. (2020) that self-efficacy
is multidimensional and should be examined on a domain
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Science, Technology, Engineering, and Mathematics (STEM)
specific; meaning a gauge of science self-efficacy could be
different with physics self-efficacy.

Science self-efficacy across gender was found to not have a
significant difference in middle school students (Britner and
Pajares, 2005; Kiran and Sungur, 2011). However, broader
studies conducted by several researchers with university
students revealed a significant difference across gender when
examined in a specific domain which is physics (Whitcomb
etal., 2019; Stewart et al., 2020).

Bandura (1977) described self-efficacy to be related to
engagement. He argued that learners with high self-efficacy
have higher engagement during the learning process. This
concept was reinforced by Ouweneel et al. (2011) and Chang
(2015) who described the correlation between self-efficacy and
engagement as positive. Aside from these, there were also other
investigations that concluded the same (Guneri and Guvenc,
2013; Birgin et al., 2017; Grant, 2017; Wang et al., 2017).

Research on students’ engagement has greatly increased over
the last two decades because of the fact that it was found to
be a factor of desired student outcome (Pavlin-Bernardi¢
etal.,2017). Student engagement is defined by Trowler (2010)
as being:

Concerned with the interaction between the time, effort, and
other relevant resources invested by both students and their
institutions intended to optimize the students experience and
enhance their learning outcomes and development of students
and the performance, and reputation of the institution. (p. 2)

Engagement is a multidimensional construct (Trowler, 2010;
Axelson and Flick, 2011; Reeve, 2012; Pavlin-Bernardi¢
et al., 2017). It is composed of three dimensions, namely:

1. Cognitive — is how invested a student is to learning or
seeking information, as well as storing and using it.
Students who are cognitively engaged will seek more
than what is required and enjoys information challenge

2. Behavioral — is following behavioral norms such as but
not limited to non-disruptive behaviors during classes,
high task attention, and persistence

3. Emotional — is the manifestation of task-related positive
emotions when engaged such as enjoyment and interest
and negative emotions such as anxiety and anger when
not engaged.

These components of engagement are said to be unique but not
purely independent from one another (Schmidt et al., 2017).
An example is a student who is behaviorally engaged (with
proper behavior norms) may not be emotionally or cognitively
engaged. It was reported that self-efficacy is positively
related to cognitive, behavioral, and emotional components
of engagement (Linnenbrink and Pintrich, 2003; Kanaparan
et al., 2019).

Research in engagement specifically for the science domain
is limited but has noted that students have low science
engagement which tends to decline at the end of the year

according to Schmidt et al. (2017). They also stated that
engagement just like self-efficacy is also domain-specific. With
this, it should also be examined specifically in the domain of
physics to determine if it will also have the same result as the
science domain.

The ultimate goal of education is for learners to be successful
in a given learning domain which will be indicated through
a positive learning outcome or achievement. Self-efficacy
and engagement are under the learning process which affects
learning outcomes (Boekaerts, 2016). It was found out that
self-efficacy and engagement individually contributed to a
positive learning outcome (Lavasani et al., 2009; Ucar and
Sungur, 2017; Nese, 2019). This shows how important it is to
investigate these aspects of learning process.

Taking into consideration these previous studies which were
done in a traditional class setting, the researcher used these as
a benchmark to develop the present study in the context of an
online class specifically in physics domain.

Statement of the Problem

The objective of this study was to determine the levels of
sources of self-efficacy of the students as well as its implication,
if there were significant differences in the self-efficacy of the
students across gender, and if self-efficacy was significantly
related to engagement.

Specifically, it sought to address the question:

1. What are the levels of sources of self-efficacy and what
does it imply?

And tested the following hypotheses in the context of
general physics 1 subject:

1. There is no significant difference between the sources
of self-efficacy of male and female senior high school
students

2. There is no significant relationship between students’
self-efficacy and engagement.

METHODS

The study was quantitative and employed the correlation
design. Purposive sampling was used in determining the
research participants which was the Grade12 STEM (n =200)
students from a private university who took online General
Physics 1 class. Out of the initial responses, the valid responses
which contained answers for both surveys were n = 134 which
was comprised of 68 male and 66 female students.

The data collection tools comprised the “Sources of
Self-Efficacy in Science Course-Physics” and the “Engagement
in Physics Scale.” The “Sources of Self-Efficacy in Science
Course” is a 33-item Likert-type scale instrument which was
developed by Fencl and Scheel (2005) to investigate the
sources of self-efficacy specifically in the context of Physics.
The total internal consistency reliability was established
through the use of Cronbach alpha which was 0.94 and for
the subscale ranging from 0.68 to 0.88. As for the validity,
it was correlated with the scores on the “Self- Efficacy for
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Academic Milestones-Strength” scale (Brown et al., 1989)
which was a recognized global self-efficacy scale for science
and engineering. The instrument was altered to some degree
so that it would suite the context of the participants. For
example, the word “course” was changed to “subject,” as in
General Physics 1.

The study adapted the “Engagement in Physics Scale” which
was constructed by Pavlin-Bernardi¢ et al. (2017) guided by
the three-component conception of engagement (Fredricks
et al., 2004). It is an 18 — item Likert-type scale with 1 as
Strongly Disagree and 5 as Strongly Agree. It is divided into
three components, namely cognitive, behavioral, and emotional
engagement. Behavioral and emotional engagement on the
survey portray negative statements, meaning the higher the
mean of any of this equate to higher disagreement of the students
to these negative statements (five pertains to Strongly Disagree
and one pertains to Strongly Agree). Validity and reliability
of the instrument were tested through confirmatory factor
analysis and Cronbach alpha which revealed acceptable values.
Statement number 6 of the “Engagement in Physics Scale” was
slightly modified to fit into the context of online class. Instead
of the statement “chat with a neighboring classmate,” it was
changed to “exchange messages with classmates.”

Data collection comprised three stages: pre-administration of
questionnaires, administration of questionnaires, and results
collection and analysis. The researcher secured a permit from
the principal of the senior high school department and informed
consent from the students. After which was the administration
of the questionnaires. When the permission was obtained,
the researcher proceeded to orient the students about the aim
of the study and data collection. Then, two online survey
questionnaires namely “Sources of Self-Efficacy in Science
Course — Physics” and “Engagement in Physics Scale” were
given to the participants through google form which included
the consent form. This was given and collected after the end of
the subject, General Physics 1, 1 semester of the 2020-2021
school year. Results collection and analysis followed after the
participants answered the google forms, the data were retrieved
into an excel file. Data of participants who only answered one
survey were removed, only those who were able to respond to
both were used for the analysis.

Data Analysis

Mean and standard deviation were used to describe the levels
of self-efficacy of the students while inferential statistics
such as independent samples t-test, Cohen’s d, and Pearson
r correlation were used to test for the significant difference
across gender and relationship of self-efficacy and engagement.
Assumptions for using the said inferential statistics were
examined before conducting the test. Test of normality and
the appropriate type of data were all met.

The mean scores of the sources of self-efficacy of male
and female students were used to conduct an independent
samples t-test. Assumptions of the t-test were checked first
before proceeding the computation. The normality of each
of the sources of self-efficacy and the overall were assessed
through conducting histogram on IBM SPSS version 20. The
results showed approximately normal distribution for each
of the variables. For the level of measurement, it obeys the
independent categorical variable and dependent continuous
variable. In this study, the results from the Likert scale were
treated as a continuous data since mean score were computed
for each.

Pearson r-correlation was used to establish if there is a
significant relationship between overall self-efficacy and
components of engagement as well as the overall. To
technically apply this statistical tool, normality of the variables
should be established. Histogram results for each of the said
variables from SPSS showed that each of the variable are
approximately normally distributed.

FINDINGS AND DISCUSSIONS

Students’ self-efficacy during General Physics 1 online class
from different sources as well as the overall were compared
across gender as reflected in Table 1.

Each of the means was given its verbal equivalence as presented
in Table 2. Vicarious learning, verbal encouragement, PAs,
and overall self-efficacy were all described as high level of
sources of self-efficacy on both gender while the only source
of self-efficacy which revealed to be average in level is the
EA on gender as well.

Table 1: Sources of self-efficacy across gender

Sources of self-efficacy Gender Mean SD Level of sources of self-efficacy gained
Emotional arousal Male 3.35 0.60 Average
Female 3.08 0.61 Average
Vicarious learning Male 3.56 0.53 High
Female 3.46 0.59 High
Verbal encouragement Male 3.78 0.51 High
Female 3.88 0.52 High
Performance accomplishments Male 3.56 0.57 High
Female 3.50 0.58 High
Overall self-efficacy Male 3.56 0.47 High
Female 3.49 0.48 High
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Table 2: Reference table for self-efficacy level
interpretation

Verbal Interpretation Score interval

Very low 1.00-1.79
Low 1.80-2.59
Average 2.60-3.39
High 3.40-4.19
Very high 4.20-5.00

The level of the sources of self-efficacy of male and female
participants was found to be equal in all the five variables,
where vicarious learning, verbal encouragement, PAs, and
overall self-efficacy had high levels while EA was a medium
level. These results imply that the students were given equal
opportunity to acquire and develop their self-efficacy in the
said different sources even in an online setting which was also
in agreement with the study of Britner and Pajares (2005), and
Kiran and Sungur (2011). Furthermore, according to Bandura
(1997), high level in vicarious learning means that the students
view the accomplishments of their classmates as a positive
thing and that they could later also do which will result to
higher self-efficacy. This is a good thing, especially in a physics
class which is perceived to be a difficult subject by most of the
students. Having a good source of vicarious learning aspect
of self-efficacy also implies that there are students who were
still able to succeed in a physics class given the challenges in
an online setting. On the high level of verbal encouragement,
this result suggests that the physics online class had a kind
of environment where students were given compliments and
encouragement which made them to develop this aspect of
self-efficacy. For the high level of PA, it reveals a positive
implication that students experience higher level of success in
physics class even in an online setting instead of experiencing
failure. With these, it was also found out that the high level
of overall self-efficacy was developed by the students which
gives a general idea that the conduct of the online physics
class fostered a good source of self-efficacy. However, it was
also noted that the medium level of EA was gained by the

students. This shows that the students had negative and positive
emotions during the conduct of online class.

Gender Difference in Sources of Self-Efficacy

Table 3 reveals that only the EA source of self-efficacy differs
significantly for male (M = 3.35, SD = 0.60) and female
(M = 3.08, SD = 0.61) participants; t (132), p = 0.01. The
effect size was 0.32 as calculated using Cohen’s d which is
described to be a small effect. Furthermore, vicarious learning
did not differ significantly for male (M = 3.56, SD = 0.53)
and female (M = 3.46, SD = 0.59) participants, t (132) =2.63,
p = 0.33; verbal encouragement did not differ significantly for
male M =3.78,SD =0.51) and female (M = 3.88, SD =0.52)
participants, t (132) = —1.16, p = 0.25; PAs did not differ
significantly for male (M = 3.56, SD = 0.57) and female
(M = 3.50, SD = 0.58) participants, t (132) = 0.60, p = 0.55;
and overall self-efficacy did not differ significantly between
males (M =3.56, SD =0.47) and females (M =3.49, SD=0.48)
despite gaining high level for each.

The conduct of independent samples t-test presented that
vicarious learning, verbal encouragement, PAs, and overall
self-efficacy were not significantly different across the
genders. However, a significant difference was found across
gender on the EA source of self-efficacy. The insignificant
difference across gender on the said variables is contrary to
what most of the literature on similar studies reveal while
the significant difference across gender on EA revealed
similar results (Lindstrem and Sharma, 2006; Vashti, 2011;
Espinosa et al., 2019; Nissen, 2019; Whitcomb et al., 2019;
Kalender et al., 2020; Stewart et al., 2020). The significant
difference between male and female students on physics
self-efficacy which was explained through several studies was
primarily because of stereotyping, where physics is perceived
to be a subject for male students. If the idea of stereotyping
exists in a physics class environment, there would be a prior
thought on the mind of the students that they have greater or
less capability than each other. The result of this study uncovers
the idea that in a physics online class setting on most of the
sources of self-efficacy the perceived idea of stereotyping

Table 3: t-test values for sources of self-efficacy and gender

Levene’s test
for equality of

Sources of self-efficacy

T test for equality of means

variances
F Sig. t df Sig. (2-tailed) 95% confidence
interval of the
difference
Lower Upper
Emotional arousal 1.16 0.28 2.63 132 0.01* 0.07 0.47
Vicarious learning 1.88 0.17 0.98 132 0.33 —0.10 0.59
Verbal encouragement 0.21 0.65 -1.16 132 0.25 —0.28 0.07
Performance 0.25 0.62 0.60 132 0.55 —-0.14 0.26
accomplishments
Overall self-efficacy 0.59 0.44 0.88 132 0.38 —-0.09 0.23
*p<0.05, two-tailed
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which is present in a traditional physics class setting is low to
none. The significant difference across gender on EA is similar
to the result found by Kiran and Sungur (2011), although, in
their study, the female students had a higher source of EA
compared to male students which is opposite to the result of
this study. With this, it can be concluded that male students in a
physics online class have a stronger EA source of self-efficacy.
Meaning that they tend to have more positive emotion as
feedback to challenges in a physics online class setting. They
also manage their negative emotions well compared to female
students. However, this difference had a small effect size as
presented by the result of computing Cohen’s d.

Relationship of Self-efficacy and Components of
Engagement
The result of the correlation is presented in Table 4.

To describe the strength of association between self-efficacy
and engagement, the guidelines as shown in Table 5 were used.

The results revealed that the overall self-efficacy was positively
related with cognitive, r = 0.53,n =134, p=0.000; and overall
engagement, r = 0.20, p = 0.018 while overall self-efficacy
was negatively related with emotional engagement, r=—0.19,
p =0.027. However, there was no correlation found between
self-efficacy and behavioral engagement, r = 0.04, p = 0.661.

Results showed that there was a positive correlation
between overall self-efficacy and cognitive and overall
engagement, a negative correlation with emotional
engagement, and no significant relationship with behavioral
engagement. These results were aligned to existing
literature on similar studies (Bandura, 1977; Linnenbrink
and Pintrich, 2003; Ouweneel et al., 2011; Guneri and
Guvenc, 2013; Chang, 2015; Birgin et al., 2017; Grant, 2017;
Wang et al., 2017; Kanaparan et al., 2019). Specifically, the
results suggest that the higher the self-efficacy of the students,

Table 4: Correlation values of self-efficacy and
engagement

Description Engagement
Cognitive Behavioral Emotional Overall
Overall self-efficacy
Pearson correlation 0.53* 0.04 —0.19* 0.20*
Sig. (2-tailed) 0.000 0.661 0.027 0.018
Strength of association Large None Small Small

*p<0.05, two-tailed

Table 5: Reference table for strength of association of
self-efficacy and engagement

Strength of association

Coefficient, r

Positive Negative
Small 0.1-0.3 —-0.1——0.3
Medium 0.3-0.5 -0.3—0.5
Large 0.5-1.0 -0.5—1.0

the further cognitive engaged the students would be. They tend
to persist and give extra effort on learning the physics lessons.
The negative relationship between overall self-efficacy and
emotional engagement denotes the other way around. Meaning
the higher results of emotional engagement means that they
did not agree to have such negative emotions during online
physics class which is what the result revealed. Moreover,
the physics online class environment can also be described to
have a positive environment, emotion wise, since the students
were at ease during class, tends to enjoy it, and do not feel
anxious. Finally, there is no significant relationship between
the self-efficacy and behavioral engagement. This may be
attributed to the kind of learning environment that the students
had which was online, where there was less supervision and
higher risk of not listening intently during discussion.

CONCLUSION

These students’ level of sources of self-efficacy in an online
general physics 1 class was found to be medium to high level.
And a significant difference across gender was found only on
the EA component of self-efficacy. Furthermore, it was also
revealed that overall self-efficacy is positively related to both
overall engagement and cognitive engagement while a negative
relationship exists with behavioral engagement.

RECOMMENDATIONS

Based on the findings of the study, the following
recommendations were made:

1. Since there is a limited number of studies on physics
self-efficacy and engagement in an online class setting,
it is encouraged that research on similar samples locally
should be conducted to verify the results of the study

2. Consider the interaction of sources of self-efficacy and
components of engagement. Doing this could reveal more
interesting implications

3. The study measured only the sources of the physics self-
efficacy and engagement of the students at the end of the
general physics 1 class. Future researchers can consider
getting these before and after the conduct of the course
to determine if there is a significant difference on the
variables on the said periods.
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