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Real-life and work-related situations of the 21st century present complex problems that require graduates to
possess the skills to solve problems in challenging and unfamiliar arenas. Students must therefore have the skills
to deal with a wide range of problems. Unfortunately, most students struggle to apply their learning to novel
problem-solving situations regardless of their self-efficacy beliefs. It appears particularly significant to
investigate this phenomenon in the context of physics education. Using a mixed-methods design within a
collaborative learning environment (CLE), this study investigated the factors that influence students’ self-
efficacy in solving conceptual mathematical problems in physics. The primary data sources were the science
problem solving questionnaire (SPSQ), the self-efficacy rating scale (SERS), and two semi-structured interview
items. The results of multi-level regression and descriptive data analysis revealed students’ self-efficacy in
solving conceptual mathematical problems in physics (8=.16, p<.01, SE=.065). Among all the self-efficacy
variables (e.g., mastery experience, vicarious experience, physical arousal, anxiety, and gender), mastery
experiences composed the largest amount of unique variance between male and female students (36% and 21%).
The regression coefficient showed a significant difference between male (=.13, p<.01, SE=.02) and female (=.34,
p<.01, SE=.07). Female students reported slightly higher levels of anxiety (3%) than male students (2%) when
completing the SPSQ. In terms of physiological states, females reported 7% and males 1%. The results also
showed a strong positive relationship between the instructional approach and student performance (=.86,
p<.001). One major implication of this study is that science educators could include appropriate instruction in
delivering content courses to potentially support student teachers at the beginning of their science education
studies.
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INTRODUCTION

Research in problem solving has shown that the degree of

educators’ primary responsibility in teaching problem solving
skills to students is to increase and sustain students’ self-
efficacy in their learning (Salazar & Hayward, 2018). Self-
efficacy may also be influenced by variances in students’

self-efficacy that students perceive about their own ability to
solve problems can significantly affect how well they perform
in problem solving tasks (Geifman & Raban, 2015; Salaza &
Hayward, 2018). According to Bandura (2015), self-efficacy is
concerned more with the ease, fluency, confidence and facility
demonstrated by an individual in performing a given task. The
literature is replete with evidence that self-efficacy is strongly
related to academic achievement across several scientific
fields (e.g., Juan et al., 2018; Kriek & Koontse, 2017; Schwab,
2019). In one sense, a student’s belief in his or her ability to act
in a way that leads to success has been shown to influence
personal performance in many domains (Ahn et al., 2017;
Toytok & Gurel, 2019). Since a student’s belief in his or her
abilities influences goal selection, persistence in the face of
difficulties, and, as a result, task performance (Bandura, 2015),

personalities, such as the quality of effort and willingness
(physiological arousal) to continue in the activity (Smith &
Hung, 2016), as well as the type of the instructional style in
which students conduct the activity (Zee & Koomen, 2016).
Students that have stronger self-efficacy beliefs frequently set
goals for themselves and behave motivationally to accomplish
these goals (Pamuk et al., 2017). They also believe in their
skills to complete assigned tasks well with little or no
assistance from others (Lentfer & Franks, 2015).

Furthermore, researchers have identified mastery and
vicarious experiences, among many others, as possible
variables affecting students’ self-efficacy beliefs and problem-
solving abilities (Geifman & Raban, 2015; Iwuanyanwu &
Ogunniyi, 2020; Salaza & Hayward, 2018). In terms of problem
solving, students’ mastery goals refer to their concentration on
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learning a variety of abilities, developing metacognitive
methods, and finding new ways to solve problems (Pamuk et
al., 2017). Vicarious learning, or experience, refers to
influences arising from seeing others engage in an activity or
a defined task in which they participate successfully (Bandura,
2012). This means that a student’s belief can be raised from
watching his peers succeed through sustained effort that he
too can succeed at a given task. In addition to that, if students
are self-efficacious, mastery goal oriented, and appreciate the
value of the learning tasks (Ahn et al., 2017), they are more
likely to persevere in the face of difficulties (Jansen et al.,
2014). There is evidence in the literature that all of these
students’ characteristics are strongly related to their ability to
solve science problems successfully (Geifman & Raban, 2015;
Lindstrom & Franks, 2011; Salaza & Hayward, 2018). The
purpose of this study was to investigate the factors that
influence students’ self-efficacy in solving conceptual
mathematical problems in physics in a collaborative learning
environment.

REVIEW OF LITERATURE

Various studies have shown increasing empirical attention
on self-efficacy and its relationship to problem-solving
(Avargil, 2019; Pamuk et al., 2017; Zulkarnain et al., 2021).
One of the fundamental skills required of university
undergraduate physics students is problem solving. The
demand for this critical skill is driven by the fact that real-
world and work-based situations present complex problems to
solve (Iwuanyanwu, 2020). In this vein, research has
demonstrated that students’ aptitude and sense of self-
efficacy in problem solving is dependent on how well they are
motivated (Geifman & Raban, 2015; Kriek & Koontse, 2017;
Salaza & Hayward, 2018). Another study that supports this
result was obtained by Salaza and Hayward (2018) who
investigated whether problem-solving and academic self-
efficacy served as predictors of undergraduate students’
motivation, test performance, and expected grade. Results
from the study indicate that problem-solving self-efficacy was
a predictor of student motivation and test performance.

Research studies have also taken as their main focus the
issue of students’ and teachers’ self-efficacy in learning
engagement (Kuo & Wieman, 2016), motivation and
achievement (Sachitra & Bandara, 2017), instructional
strategies (Shoulders & Krei, 2015), teaching skills (Walter,
2015), and causal attributions in teacher education
programmes (Wang et al., 2015). One explanation for the
increased interest in student teacher self-efficacy is a belief
that teachers who have high self-efficacy influence students’
achievements and are more effective teachers (Pamuk et al.,
2017). The opposite is true for teachers with lower self-efficacy
levels (Pan, 2014). Some reviews of research on self-efficacy by
Sachitra and Bandara (2017), Smith and Hung (2016), and
Toytok and Gurel (2019) have suggested new ways of raising
students’ capabilities in performing given tasks. All
acknowledged that instructional approaches that support
collaborative  learning improved students’ learning
achievements and awareness of problem-solving. Hwang et al.
(2018) agree with the view that collaborative knowledge

construction mechanism facilitated in a collaborative learning
environment has great potential for helping students
effectively learn and organize knowledge as well as fostering
their awareness of applying the acquired knowledge to dealing
with problems.

Furthermore, some studies have suggested that self-
efficacy strongly influence the choices students and teachers
make in task engagement (Schwab, 2019), the effort they
expend in responding to task and how long they persevere
regardless of difficulties they surmount in performing the task
(Salazar & Hayward, 2018). Related literature also suggested
that if a student engages in an activity or defined task and
performs well, then the student is motivated and is likely to
decide to perform such an activity in future (Hwang et al.,
2018; Schwab, 2019). If, on the other hand, the student
performs poorly at a given task, this may lead to his or her
unwillingness to participate in such activity in future
(Bandura, 2015). Perhaps what should be added here is that a
student’s enculturation, upbringing, and internalized values
are among the other factors that can influence whether or not
he or she will participate in the same activity in the future. In
addition to the student-related variables, a student who claims
that he or she will perform well in solving conceptual
mathematical problems in physics (MIP), for example, may
consider the extent to which his mathematical ability has
enabled him to perform well in the past and the amount of time
required to do so. It is reasonable to expect that when a task
has been performed personally and frequently in the past, the
individual will rely more heavily on his interpretation of the
causes of previous performance levels (Kriek & Koontse, 2017;
Pendergast et al., 2011). Unfortunately, for many students,
relying on the causes of previous performance levels in solving
conceptual mathematical problems in physics, for example,
will not happen automatically and will necessitate appropriate
coordination of mathematics concepts and skills.

The coordination of mathematics concepts and skills in
solving physics problems can take many different forms,
including various types of cognitive tasks, models, creative
reasoning, facts of the subject matter, the structure that
compartmentalizes these facts, strategies under certain given
constraints, attitudinal process, rules and principles that may
be required for problem organization and solution. In physics
problem solving, coordinating mathematics concepts has a
different purpose; rather than expressing abstract
relationships, it represents meaning about physical systems
(Redish & Kuo, 2015). It is therefore critical to recognize that
the relationships between the interacting variables of MIP
frequently present a high level of cognitive load during the
problem-solving process. When students begin the process of
solving a conceptual MIP problem, they bring all they know
about the problem into working memory, including domain
knowledge resources, rationalization skills, attitudes, and self-
regulation skills required for problem solving success
(Iwuanyanwu & Ogunniyi, 2020). Thus, a broader range of
cognitive skills and abilities are required for a student to solve
conceptual MIP problems, which some students will already
have but others may not. For instance, a student may know
that the second kinematic equation that relates position to

time % = v came from the derivative of the first kinematic
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equation which relates velocity to time % = a, and that the

logical extension of % =a %would lead to v dv = a ds, but fail
to see that each side of the former equation is explanatorily
linked to the integration f;: vdv = f:o a ds that yields % (w? -
19%) = a (s — 5p)-

Although the literature is rich in studies assessing
students’ and teachers’ self-efficacy beliefs in various fields of
learning, more insights are needed in establishing students’
self-efficacy determinants in a collaborative learning
environment. Students need support as they learn new skills,
as well as computational reasons for developing the epistemic
metacognitive resources required to solve conceptual MIP
problems (Kriek & Koontse, 2017). Prior research indicates
that some instructional approaches that provide opportunities
for students to solve problems collaboratively are consistently
more successful than others in assisting students in
developing a high sense of self-efficacy in problem-solving
(Pamuk et al., 2017; Pendergast et al., 2011; Toytok & Gurel,
2019; Zee & Koomen, 2016). In this regard, a collaborative
learning environment (CLE) is a didactic situation in which
individuals (e.g., students) are assigned a task or a problem to
solve and they do so by searching for understanding, meaning,
or solutions, and the sum of the individual solutions yields a
collective solution (Geifman & Raban, 2015; Iwuanyanwu,
2020). Furthermore, working in small groups has been
reported to be beneficial for learning, particularly when the
task involves solving science problems in a collaborative
learning environment (Belland et al., 2011; Iwuanyanwu &
Ogunniyi, 2020; Jonassen, 2011). This study’s didactic design
is based on the latter instructional approach. Students worked
together to complete individual and small group tasks while
developing and maintaining a shared understanding of MIP
problem solving.

METHOD

This study employed a mixed-methods approach within a
collaborative learning environment, with data collected via the
science problem solving questionnaire (SPSQ), the self-
efficacy rating scale (SERS), and two semi-structured interview
items, as detailed below.

Participants and Ethics

The study included 40 first-year science education
students from a variety of socioeconomic backgrounds,
including those with high, middle, and low incomes and ability
levels (aged between 18 and 21 years, 19 females and 21
males). The students enrolled in a four-year science education
program aimed at preparing secondary school physical science
and mathematics teachers. The majority of students live on
campus, with a few others living in urban and suburban areas.
The Research Ethics Committees approved the study’s
research proposal. Following that, permission was obtained
from the students, which was granted. There are no conflicts
of interest in the study.

Research Tools

Two sets of instruments, namely, SPSQ and SERS, were
developed for measuring factors that influence students’ self-
efficacy in solving conceptual MIP problems. The SPSQ
comprised of 12 conceptual MIP problems. The SERS consisted
of a rating table for the SPSQ in which students rate their
degree of confidence by recording a number from 0 to 100. The
ratings range from cannot do at all (0-40), moderately can do
(50) and highly certain can do (60-100). In designing the
instruments, various aspects of self-efficacy constructs were
considered and how they affect students learning, for example,
social cognitive dimension, including mastery approach,
vicarious experience, anxiety and physiological states as well
as motivational dimension. To examine the sources of
students’ self-efficacy, four sub-scales were used: The mastery
approach (eight items, e.g., “I got a good grade in physics class
last term, and so I will always do well in physics”), vicarious
experiences (six items, e.g., “Most of the students I admire are
good in physics”), physiological states (six items, e.g.,
“Conceptual MIP problems make me feel uncomfortable and
nervous”), and anxiety (five items, e.g., “I feel I can’t solve
conceptual MIP problems, coordinating mathematics concepts
and skills in science problem solving is too difficult”). In
addition, three more items of motivation constructs were
included, for example, “Both my High School teachers and my
science lecturers believe I can do well in difficult science
tasks.” To enrich sources of data, the study extended the
instruments (the SPSQ and the SERS) to include two semi-
structured interview items. The purpose of the interview was
to gain additional insight into how the students rated the SERS
and their actual performance and to gauge their confidence,
ease, and ability.

Furthermore, the instruments were reviewed for face,
content, and construct validity by two experts in science and
mathematics education. Certain aspects of the instruments
were refined in response to the two experts’ recommendations
and were later sent to the experts for final approval. Each
instrument item was rated on a scale of 1 to 5, with items with
scores of 4 or 5 retained and those with less than 3 dropped.
Following the construction of the first version of the
instruments, a pilot study was conducted among students with
characteristics similar to those involved in the actual study.
The pilot’s preliminary findings prompted the revision of one
of the instruments, the SERS. Some ambiguous items on the
SERS were rewritten, while others were removed, particularly
where the majority of respondents checked the same response
point. This is due to the fact that such items make no
distinction between students. Items on which the vast majority
of students check the maximum efficacy category lack
sufficient difficulty, challenge, or impediment to distinguish
between levels of efficacy. To reduce such bias, the level of
difficulty on SERS during the content validity testing was
increased by increasing the level of conceptual MIP problems.
Cohen’s kappa values, an interrater measure of agreement,
were (k=.88 for the SPSQ, k=.79 for the SERS). As described
below, the instruments were deployed for data collection.

Procedure

This study lasted 16 weeks. The study (2-hour biweekly
physics education periods on Tuesdays and Thursdays)
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included a series of teaching and learning science activities in
a collaborative learning environment. The baseline and post-
intervention data collection took two bi-weekly class periods
(4 hours in weeks 1 and 15); the interview took a single class
period (1 hour in week 16). The teaching of science concepts
using a collaborative learning approach took place between
weeks 2 and 14. The interconnectedness of teaching and
learning (Jonassen, 2011) and how it serves as an enabling
teaching strategy to improve students’ self-efficacy in solving
conceptual MIP problems are discussed further below.

Collaborative Learning Environment

Students (N=40) were divided into small groups of five,
resulting in eight groups (A-H). Each student, denoted by the
letters S1, S2, and so on, is aware of his or her group member
identification. As a result, they completed each assigned task
in accordance with the various stages of the collaborative
learning approach. According to the CLE protocols, a student
must:

a. read each conceptual MIP problems, analyze it (show
why components within a task have certain MIP
applications),

b. plan and implement a solution pathway/method (show
why a certain approach would lead to a solution), and

c. verify (provide reasons why a solution they obtained is
reasonable).

In order to complete the task, students must develop
justifications for their solutions. In doing so, a transition is
initiated by any of the three stages they followed: the junction
between stages, the appearance of new information or the
opportunity to adopt a new problem-solving strategy, or
difficulties indicating that a change in approach is required.
Individual students engage in coordinating mathematical
concepts and skills in physics prior to beginning the three
stages and during the actual problem-solving process, as well
as during the transition phase. Following completion of the
individual tasks, each group was given the same tasks that
required them to collaborate, share individual methods used in
problem solving, make claims, argue for the best possible
solution, share self-confidence, and reflect on the
anxiety/difficulty/enjoyment they had encountered, as well as
other traits related to their learning of the tasks. When
students reached a possible consensus on each task, they
provided the best possible solutions by constructing claims
and criteria for justifications of the MIP problem solution
pathway. When they became stuck in their work, they were
encouraged to explain their ideas and strategies in order to
progress. Finally, once they had solved the MIP problems (or
had given up), they were asked to explain why certain
components of the MIP problems demanded their choice
strategies or solution pathways. Following completion of these
lessons and activities, data was collected using the same SPSQ
and SERS instruments (2 hours in two class periods in week
15). For the interview, a leader was chosen from each of the
eight groups (A-H). In week 16, eight respondents were
interviewed for 1 hour, and their responses were analyzed
using qualitative descriptions.

Table 1. Descriptive statistics for the students’ self-efficacy
variables

Variables Baseline test Post-test
M SD M SD
Self-efficacy 3.57 2.16 5.88 1.59
Mastery approach 3.50 2.04 5.77 1.35
Vicarious experience 1.67 1.31 3.48 1.17
Physiological arousal 1.59 2.33 3.39 0.98
Anxiety 4.6 2.67 2.58 0.86
Note. N=40
Data Analysis

Each student generated data in the form of written solution
transcripts. The written solutions were graded based on a
scoring rubric adapted from Iwuanyanwu and Ogunniyi (2020).
According to the rubric, a solution received four points if the
student correctly coordinated and applied mathematical
concepts and skills in solving a given problem and producing a
justified solution. If a student successfully coordinated and
applied mathematical concepts and skills in solving a given
problem and producing a partially justified solution, he or she
receives three points. A two-point solution to the problem
used either correct MIP application or partial mathematical
reasoning. If a student demonstrated an understanding of the
use of MIP but failed to apply it satisfactorily, the solution
received one point. Finally, if the student demonstrated
incorrect understanding of the problem or made no attempt,
the solution received 0 points. Furthermore, the students’
responses to the SERS were coded using Creswell’s (2014)
coding schemes. The coding was completed independently by
the aforementioned experts who reviewed the instruments.
The coding scores were then compared, and the reliabilities
measured by Cronbach alphas were satisfactory a«=.81 for the
SPSQ and a=.73 for the SERS. For the remaining discrepancies,
the two experts discussed until they reached a consensus, and
the resulting scores were used in computing descriptive and
inferential statistical analysis to identify causal attributions of
students’ self-efficacy in solving conceptual MIP problems in
a collaborative learning environment.

RESULTS

Multi-level regression and descriptive data analysis were
used to analyze data from the SPSQ activities and the SERS.
Table 1 shows that the mean scores of students’ self-efficacy
(Mse=3.57, SDsz=2.16) and mastery (Mwmas=3.5, SDmas=2.04) at
the baseline test do not differ significantly. Similarly, at the
end of the study, their mean scores for the same factors
(Mse=5.88, SDse=1.59; Mmas=5.77, SDmes=1.35) did not differ
significantly. It’s possible that students are interested in
learning because they want to master the SPSQ and SERS
activities. Furthermore, there was little difference between the
mean scores of their vicarious experience and physiological
arousal at the start of the study and the mean scores of the
same variables at the end (see Table 1). Another point of
interest in this section is the students’ anxiety about MIP
problem solving. The mean score for their anxiety to perform
and persist in learning activities was higher at the start of the
study (Ma=4.6, SD4=2.67) than at the end (Ma=2.58, SD4=.86).
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Table 2. Estimates of multi-level regression analyses of
students’ self-efficacy variables

Variables B Gender (M; F) U% SE
Self-efficacy .16* 16 .065
Mastery experience 24%* 28 U (36; 21)! .13
Vicarious experience -17 (1;2) .07
Physiological arousal -.21%* (1;7) .014
Anxiety .29%* (2;3) .05
Gender [M; F] [.13;.34]** - (.02;.07)

! Percentage in parenthesis; *p<.05; **p<.01

Furthermore, the study sought to identify the path
coefficients in order to determine the proportion of variation
in students’ performance that could be attributed to the CLE.
The analysis results show that there was a strong positive
relationship between the instructional approach and the
performance of the students (r=.86, p<.001). Further to that,
the root mean square error of approximation was used as an
informative estimate of CLE fit, with p<.05 indicating good fit
and p<.10 indicating poor fit.

The regression coefficients (8 coefficients) represent the
CLE’s independent contribution to predicting the dependent
variables. Each source of self-efficacy was found to be
significantly related to students’ ability to coordinate and
apply mathematics concepts and skills required to solve
conceptual MIP problems. According to the results in Table 2,
a significant difference was found for all variables, including
students’ self-efficacy (8=.16, p<.01, SE=.065) male students
(B=.13, p<.01, SE=.02) and female students ($=.34, p<.01,
SE=.07). Similarly, the mastering approach of male and female
students differed significantly on average. These findings were
confirmed by structure coefficients and uniqueness indicators,
with mastery approach accounting for the largest percentage
of unique variance in each case: 28% for the entire sample
(N=40); 36% of male students have more mastery experience
than female students (21%). Furthermore, female students
reported higher levels of conceptual MIP problem-solving
anxiety (3%) than male students (2%). In terms of
physiological states, this was similar (females at 7% and males
at 1%). The sorts of causal attributions identified in the CLE
context were detailed in the next section to further elucidate
these findings.

Students’ Responses to Interviews

Two questions were asked during the interview: (a) How
would you compare your SERS confidence ratings to your
actual performance on the SPSQ?

A three-item rating scale was employed to answer the first
interview question:

1. Overestimation: My actual performance is lower than

my rating;

2. Underestimation: My actual performance is greater

than my rating; and

3. Moderate: My actual performance and my rating are
comparable.

The following are extracts from the students’ responses:

S21 (Group A): Overestimation, my actual performance
is lower than my rating.

S6 (Group B): Overestimation, my actual performance
is lower than my rating.

S29 (Group C): Moderate, my rating and actual
performance matched.

S15 (Group D): Underestimation, my actual

performance is higher than my rating.

S18 (Group E): Moderate, my rating and actual
performance matched.

S10 (Group F): Overestimation, my actual performance
is lower than my rating.

S5 (Group G): Overestimation, my actual performance
is lower than my rating.

S17 (Group H): Underestimation, my actual

performance is higher than my rating.

Given the foregoing, it is of interest to determine which
self-efficacy variables correctly predicted the students’ ability
to solve the SPSQ items in terms of these categorizations:
overestimation, underestimation, and moderate. The
emphasis is on how the self-efficacy determinant(s) give rise
to any of the categorizations. This is further investigated in the
following question: (b) Based on the answer you gave to the
first question, what do you think accounts for your current
level of confidence and comfort solving conceptual MIP
problems?

The excerpts below help to demonstrate the relative
frequency with which students experience their learning to
solve conceptual MIP problems in a CLE setting. The students
appeared to be very accomplished in the practice of each stage
of CLE; they became aware of how to behave and thrive in this
arena. They were aware of the practice’s goals, and they shared
expectations, allowing them to work collaboratively towards
the goals. Here are some excerpts from conversations that
illustrate the point.

S21 (Group A): ... please ask me later ... not ready!

S29 (Group C): I was impressed with how well my group
worked together. Collaborating with my group
members to tackle problems, I have acquired diverse
approaches to thinking about and solving conceptual
MIP problems. I remembered scoring 50 or higher in my
confidence ratings of the SERS items, and given my
overall performance in the last quarter, I am more or
less confident in my ability ... or confidence. Also, my
group members had a similar experience, though there
are some differences because we are not all equal in our
abilities; some are smarter than others, particularly
Jacques (pseudonym), who is very good.

S15 (Group D): I appreciate the new approach; after
going through it, I feel confident in using arguments to
solve physics problems. When I’m solving conceptual
MIP problems, I can now give a good explanation. Yes,
problem-solving in mathematics is the same way.
Before attempting problems, I now have to do self-
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arguments [sic] in my head. In many ways, it assisted
me in gaining a different perspective from my
colleagues, such as developing a strategic process,
gathering relevant facts first, deciding on which
formula to use, and applying rules and principles.

S18 (Group E): It was through this new approach that I
gained a better understanding of how to solve physics
problems. Before, I would simply look for a formula for
the variable in question, and once I had it, I would plug
other things into the question to find an answer. But
now it’s different; I read the problem critically and
analyze it with reasons, and I don’t rush for a formula
until I see that my thoughts are reasonable. Many of us
were able to correct our errors thanks to the feedback
process. It greatly helped in the reinforcing of our
arguments both before and after the group
presentation. I can say that the new approach has
helped me gain confidence.

Students S29, S18, and S15 appear to have benefited greatly
from co-construction of shared knowledge and shared
understanding with their peers as the process reviewed their
own understanding in light of the collective solution they
produced (Geifman & Raban, 2015; Kriek & Koontse, 2017).
They’ve also become more cognizant of their own ideas.

S21 (Group A): I knew I had the ability to perform well
at first, so I rated myself so highly. When I look at my
follow-up performance, I get a headache, and I feel bad
for not getting the desired grade. I’'m not sure what
caused this, but after being exposed to the new
approach (CLE), I began to reason differently. I no
longer jump to conclusions unless I have compelling
reasons to do so. I was supposed to have done better
than my final grade. But, as it is, others in my group
tried, and not too badly ... as for me, I know I will
improve in the next assessment.

Although the use of CLE aims to place students’ learning in
contexts that align with their motivation to perform well, S21’s
disappointment was physiological, as she described getting a
“headache and feeling bad” for not meeting her expectations.
The arousal variable increased the intensity of her
disappointment because it depends on how aroused her
emotions are in relation to her performance. Case S10 has also
been identified as a variable in the disappointment emotions.
Although slightly different, it is still the likelihood variable,
which reflects his belief that if the family issues that
confronted him during the tests had not occurred, he would
have performed well.

S10 (Group F): First, I rated my confidence based on
how enthusiastic I am about science and the new
approach that I believed would help me improve. But as
the CLE sessions began, I realized I was falling behind;
it’s a personal issue ... pause ... I can assure you, sir,
that T am confident in my abilities. I am more critical
now than ever before, and I can express myself much
more effectively without being offensive to those who
disagree with me.

S5 (Group G): We tried, and for the most of us, our
ratings corresponded to our performance. We are
becoming more eager to deal with physics problems
critically using arguments, and we are gaining
confidence in solving physics and mathematics
problems carefully. Everything we’ve been learning
since the beginning of the semester is becoming clearer
and easier to understand.

S17 (Group H): The new approach encourages us to
support one another in the group. We learn to value
each other’s contributions and approaches of problem
solving as a result of this. Everyone wins in our group
because every time we solve problems collectively, we
improve in one area of the other individually. As you
can see, this was evident in our performances.

S17’s response underlined the importance of diversity and
social views on collaborative learning. This, among other
things, justifies the study’s use of CLE to foster a collaborative
learning environment that boosts students’ self-efficacy in
solving conceptual mathematics problems in physics. The
summary of findings provides additional insights.

DISCUSSION

The purpose of this research was to gain insight into
students’ self-efficacy in solving conceptual mathematical
problems in physics through collaborative learning. The
findings revealed a link between students’ self-efficacy and the
didactic instruction in which they demonstrate self-efficacy
qualities. There was evidence of heterogeneity in students’
self-efficacy and its causal attribution in relation to their
achievements at the beginning and end of the study (Table 1).
However, for some students, emotional factors such as
mastery, physiological arousal, and vicarious learning play a
role in their predictive utility, and it is believed that these
factors indicate a variance overlap between tests. In line with
earlier research (Kim et al., 2016; Kruger & Dunning, 2009),
the current study found that one of the reasons students tend
to overestimate their performance capability is due to unique
variables associated to the students (e.g., see comments from
S21 and S10). Overestimation is defined as rating one’s
capability on a scale of 60-100 percent of “highly certain can
do” and then falling short of the rated scale on actual
performance, according to the findings of this study.
Underestimation is defined as rating one’s capability on a scale
of 0-40 of “cannot do at all” and performing above the rated
scale on actual performance. At 50, the capability rate was
deemed moderate. Data gathered from activities completed by
students revealed that two-thirds found their learning through
CLE meaningful, the reminder demonstrated a high level of
anxiety, along with emotional reactions or dissatisfaction with
the prospect of an unfavorable outcome of their SPSQ
performance. This implies that failing to meet their objectives
hampered their attitudinal process in the pursuit of the
desirability variable. S21, for example, believed that her poor
performance was due to her failure to complete the assigned
tasks. This belief appears to be a causal attribute of her self-
efficacy.
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Over 33% of the students overestimated their performance,
while 54% underestimated it. The remainder were on a more
moderate scale. 22 of 40 students correctly coordinated and
applied mathematics concepts and skills required to solve
conceptual mathematical problems in physics. Thus, solving
conceptual MIP problems in a CLE setting provided students
with more motivation to learn and a wider range of skills,
including the ability to organize and solve problems than was
previously possible. For example, students S29 and S17 from
groups C and H stated that they struggled at the start of
collaborative learning sessions, but that with time and the
immediate feedback they received from watching other groups
present their work, they began to learn from them. This means
that these students’ self-efficacy beliefs were formed through
the vicarious experience of observing other groups perform
tasks. In other words, they used the knowledge they gained
through vicarious learning to assess their own chances of
success at the same or similar tasks (Pan, 2014). Receiving
immediate feedback was found to increase self-efficacy, as
evidenced by S18’s response (from group E), and thus
supported previous findings (Kriek & Koontse, 2017;
Pendergast et al., 2011; Sachitra & Bandara, 2017; Toytok &
Gurel, 2019). This has also been linked to physiological arousal
(anxiety or motivation) to continue participating in an activity
(Smith & Hayward, 2018), which includes personal and
environmental factors such as previously held self-beliefs
(Smith & Hung, 2016). The perceived difficulty of the SPSQ,
effort expended in tasks by students, and assistance received
in task completion are some of the factors highlighted in the
existing literature.

Furthermore, the results in Table 2 show that male and
female students performed differently. This finding supports
the corroborated judgments they made about their ability to
solve conceptual MIP problems, and thus reflects their overall
sense of self-efficacy. It is possible that the differences were
caused by differences in the students’ self-efficacy
perceptions. Previous research has found that female students
(regardless of their own potential) believe science is a subject
better suited to their male counterparts (Jansen et al., 2014;
Sachitra & Bandara, 2017). Another possible explanation is
that students who admit to having naive beliefs about their
ability and lack confidence in their skills are less likely to
engage in tasks that require those skills, and they will exert less
effort and persistence in the face of difficulty (Bandura, 2015;
Pamuk et al., 2017). Based on the results in Table 1 and Table
2 as well as the excerpts from the interview data, it can be
stated that students made significant progress under the
instructional approach used in the study and that these
changes are qualitatively different for skilled and less skilled
conceptual MIP problem solvers while a problem is being
solved. An important goal appears to be that assessing
students’ self-efficacy can provide educators with additional
insights about their students’ subsequent performance;
insights that go beyond what can be obtained simply by
assessing prior knowledge (Pan, 2014; Schwab, 2019).

CONCLUSIONS

The findings of this study show that various variables
depicted in Table 1 as well as didactic instruction in which
students demonstrate these variables collaboratively influence
students’ self-efficacy and its causal attributes. Given this,
collaborative learning appears to play an important role in the
design of instructional practice for science students or the goal
of science curricula activities for students. As a result, science
educators, lecturers, and instructors may scaffold science
activities in order to support their students’ developing
abilities. Most importantly, the learning activities should
provide a level of challenge that will facilitate efficacy-
building success while minimizing failures that may
undermine students’ confidence in their new abilities.
Although it cannot be stated that all of the students involved
in the study achieved their desirability variable in relation to
learning all of the activities presented to them, it can be stated
that there was a relationship between their overall activity
performance and the intrinsic motivational value they
acquired while being exposed to the collaborative learning
approach. This was a significant improvement in terms of their
performance (Table 1). Overall, students improved their ways
of thinking, reasoning, analyzing, and solving conceptual MIP
problems, resulting in an increase in problem-solving self-
efficacy. Whereas the importance of this study lies in
understanding students’ self-efficacy in relation to their
ability to solve conceptual MIP problems in a collaborative
learning environment, future studies can design studies to
confirm other causal relationships between science problem-
solving self-efficacy and motivational beliefs in science
achievements in this learning environment. Finally, since self-
efficacy contributes to feelings of self-worth and influences
performance, changing inaccurate judgments of students’
beliefs about their abilities could benefit them.
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