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Incongruous mathematics self-efficacy (IMSE) is when a student’s self-efficacy does not match
their performance. We present a subset of results from a larger qualitative study examining
IMSE in collegiate intermediate algebra. We used qualitative interviews and surveys to
longitudinally follow students for their entire semester in intermediate algebra and present the
cases of three students with IMSE (over confidence). We show that participants’ over confidence
seemed to stem from them doubting their performance would be predictive of their future
success, participants did eventually lower their self-efficacy in response to repeated low
performance. Results have implications for college mathematics instructors and for the study of

self-efficacy.
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In this paper, we present a subset of the results from a larger study that sought to examine
and describe instances of incongruous mathematics self-efficacy (when students’ mathematics
confidence does not match their mathematics performance). For this paper, we present the cases
of three students who had incongruous mathematics self-efficacy in their college intermediate
algebra class, and we describe how, throughout the course of the semester, the students
reconciled their self-efficacy to their actual performance. Previous research on incongruous
mathematics self-efficacy is limited and no previous research has examined how students
reconcile their self-efficacy with their performance. This work has important implications for
self-efficacy theory at the undergraduate level as well as for college instructors who teach
introductory classes and want to help their students better calibrate their work and effort to be
successful in their college mathematics classes.

Conceptual Framework and Literature Review

Mathematics self-efficacy (MSE) is defined as a person’s beliefs about their ability to learn
or perform mathematics (Bandura, 1986). MSE is individualized to the student. That is, a student
might make the statement “I am good at math” and this could mean that they are good at
algebraic computations or Calculus, depending on the level of mathematics they have taken. A
person’s self-efficacy is an individual judgement that only they can make; it is a belief about
themselves constructed from their perceptions and experiences. These beliefs are subjective. In
spite of this, MSE is a reliable predictor of performance and perseverance, suggesting that a large
percent of the time students’ MSE judgements are probably aligned with their abilities (Hackett,
1985; Hackett & Betz, 1982; Hackett & Betz, 1989; Hutchison et al., 2006; MacPhee et al.,
2013; Marra et al., 2009; Multon et al., 1991). However, previous research has found that
sometimes self-efficacy beliefs and external measures of ability do not match (Chen, 2006;
Dassa & Nichols, 2019; Pajares & Miller, 1994; Schraw, 1995; Sheldrake, 2016; Stolp &
Zabrucky, 2009). This has been called the “feeling-of- knowing accuracy” (Schraw, 1995, p.
401), a student’s calibration (Pajares & Miller, 1994), or incongruous mathematics self-efficacy
(IMSE) (Russell & Phelps-Gregory, 2022), the term we will use in this paper.
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Students who have IMSE can either be “under confident” (their self-efficacy is lower than
their external performance would suggest) or “over confident” (their self-efficacy is higher than
their external performance would suggest). Confidence and self-efficacy are not the same
(confidence is a broader domain general feeling and self-efficacy is a person’s specific subject-
based beliefs in their performance) (Morony et al., 2013). However, for ease of communication,
we will use these terms instead of under-efficacious and over-efficacious. IMSE can have
multiple drawbacks on students’ learning. For example, over confidence might lead to students
not studying or asking for help (Bandura, 1986).

Previous research on IMSE is lacking but does suggest that it exists. Several studies of
incongruous self-efficacy (not in mathematics) have been conducted with prospective teachers.
These studies have found that many prospective teachers demonstrate over confidence in their
teaching efficacy, rating their teaching ability as higher than outside observers rate it (Dassa &
Nichols, 2019; Wyatt, 2014). In terms of mathematics, previous research has shown evidence
IMSE exists (Champion, 2010; Chen, 2006; Labuhn et al., 2010; Lopez & Lent, 1992; Russell &
Phelps-Gregory, 2022; Sheldrake, 2016; Tellhed et al., 2017). However, this research is often
limited in sample size and, in many cases, did not set out to identify IMSE. For example, Chen
(2006) examined seventh graders’ MSE assessments and their teachers’ assessments of their
abilities in mathematics problem solving. Chen found that students’ judgements were less
aligned with their performance than their teachers’ judgements, suggesting at least some of the
students had IMSE (but describing IMSE no further).

Why might IMSE develop and how might students hold these beliefs in spite of their
performance? Previous research has confirmed Bandura’s (1986) theory that MSE develops
based on four sources: (1) mastery experiences (performance on assessments and in mathematics
courses), (2) vicarious experiences (judgements based on comparison with peers or colleagues),
(3) social persuasions (verbal encouragement or discouragement from parents or teachers), and
(4) affective or physiological state (a physical response, like crying during a mathematics test)
(see, e.g., Hackett and Betz, 1982; Lopez and Lent, 1992; Zeldin et al., 2008). It is likely that
these four sources also influence the development of IMSE though little research has examined
this. One study, Sheldrake (2016), found that students with congruous self-efficacy appeared to
have mostly based their self-efficacy on past performance. In contrast, Sheldrake found that
under confident students appeared to have based their MSE on perceived peer comparison,
perceived teacher encouragement, and interests in mathematics. The over confident students
appeared to base their beliefs on their high perceived belief in the utility of mathematics. This
work suggests that students may use different sources to form their MSE and which source they
use may determine if they develop IMSE or not. However, further work is needed to examine
this relationship. In addition, no work has examined how students continue to hold these beliefs
in spite of their performance (or adjust their beliefs in response to continued performance
measures that run contrary with their beliefs). In this paper, we sought to examine this. Our
research question was:

How do undergraduate intermediate algebra students who have IMSE (over confidence)

reconcile their self-efficacy beliefs with their performance during the semester?

Methods
To identify students with IMSE, we conducted a larger study. Participants in the larger study
were undergraduate students enrolled in one of many intermediate algebra courses at a
Midwestern public university. Students in this course who consented were given a survey to
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identify their MSE and then students with high and low MSE were invited to participate in two
interviews and to complete two additional surveys, administered at various points throughout the
semester. Fifteen participants were invited to interviews in the larger study, 11 identified as
women and 4 identified as male, non-binary, or transgender. To protect the identities of the
participants, we have given them all pseudonyms (using female or non-binary pseudonyms), and
we will use non-binary pronouns (they/them) for all participants.

Interview 1 included questions designed to better understand students’ self-efficacy generally
and their self-efficacy for intermediate algebra in particular. In it, we asked the students
questions such as “How would you describe yourself as a math student?”” and “On your [first]
survey you responded by saying [paraphrase], can you tell me why you feel that way?” Survey 2
was an online survey administered immediately after the first exam, before students received
their grades for the exam. In it, participants were asked about how they thought they had
performed on the first exam and how they expected to perform in the course overall. Interview 2
occurred after students had received their exam grades and before the next exam; we again asked
participants about their MSE beliefs as related to their experience with the first exam and about
their MSE for the course overall. There was overlap in what the interviews covered because they
were designed to examine changes in participants’ MSE throughout the semester. Finally, survey
3 was administered electronically at the end of the semester once the students had received their
final grades. This survey included questions about the participants’ final grades as well as how
they felt about their MSE after the course was over and how it compared to their experiences
during the semester. The final survey also asked students questions about how their second and
third exams went, including questions for students to describe how they felt leading up to,
during, and after each exam compared to the grade they received. Having these final pieces of
data enabled us to compare students’ MSE beliefs longitudinally throughout the course and to
compare how those beliefs relate to their final grade.

The interviews were transcribed and coded for analysis. The codes were based on a pilot
study with additional codes developed inductively based on the data (Lichtman, 2012). To ensure
trustworthiness, we used peer debriefing, member checks, and a coding reliability check with a
third (non-author) researcher (Campbell et al., 2013; Lincoln and Guba, 1985). Once coding was
complete, we developed emergent themes based on the coding. We defined cases of IMSE as
when a participant’s predicted grade was at least one full letter grade (10 percentage points) apart
from their actual grade. That is, a student who predicted they would receive a B- but received a
C- or lower would be identified as having IMSE. For this paper, we focus specifically on three
participants who demonstrated IMSE for the course. The three participants were over confident,
expecting to perform better in the course than they actually performed. We will describe how,
over the course of the semester, these three participants reconciled their MSE with their ongoing
lower than expected performance with the larger goal of better understanding IMSE and how
MSE develops and changes as a result of repeated performance measures.

Results
Michelle, Lisa, and Adrian were all over confident in their ability to succeed in intermediate
algebra. Michelle predicted (at the start of the semester) they would receive an A in the course
but their final grade was a B. Lisa predicted they would receive an A- but received a C. And
Adrian predicted they would receive a low B but failed the course with an F. We will examine
each case individually with the goal of examining how each participant reconciled their MSE
with their performance in the course. Across all three cases, we will see that participants did
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lower their MSE during the semester, though not always in line with their actual performance.
And participants did use their algebra performance to judge their MSE; however, they often had
reasons to doubt their performance would be predictive of their future success which may
explain why they maintained their over confidence.

Michelle

When describing why they felt confident about their math work, Michelle said it was because
they felt the material was mostly review. They said, “[I feel] pretty confident, especially in the
class I am in now because the stuff we’re doing, I have already done.” When asked about
understanding the material Michelle said, “Just from my academic background, I feel that I’1l be
able to get through the course fairly easy because I’ve done math similar to this before.” In spite
of this, by the end of the course, Michelle’s performance was lower than they initially predicted.

We can see their grade predictions throughout the course in Table 1. They initially predicted
they would receive an A, changed to an A or B after exam 1, to a B or A (with the B first) in
interview 2, and ended the semester with a B. In interviews, Michelle remained confident even
after exam 1 because they attributed their low score on exam 1 to them forgetting their
calculator. That is, they said, “I didn’t get as good as the grade I would have gotten I believe with
a calculator.” They also said, “I thought I would have done way better and like looking at the
exam doing it... it’s just little tedious mistakes, which I believe from not having a calculator kind
of screwed me over.” However, as the course went on, Michelle continued to perform lower than
they expected. After the first exam, when asked what they would do differently, Michelle said “I
would bring a calculator, and maybe go slower... maybe some of the mistakes I could have
prevented but I honestly think most of them were from the calculator.” After the third exam they
stated, “I was nervous about this exam and ended up making dumb mistakes. So, I was
disappointed with this score (71%) because it was low, because of little mistakes and not actually
because I don’t know the concepts.”

Table 1. Over Confident Grade Predictions Over the Semester.

. Survey 2 Interview 2
First Prediction Prediction
Participant Prediction Final Grade
(before grade (after exam 1
(before exam 1)
for exam 1) grade)

Lisa A- A BorC C
Michelle A AorB Bor A B
Adrian Low B High C, Low B C F

In general, Michelle initially seemed to be over confident because they believed the material
was review. However, they then seemed to maintain their overconfidence because they blamed
their lower performance on what they termed “little mistakes” and forgetting a calculator. This
type of reasoning, blaming something external like a calculator, is often called an external
attribution (Kelley & Michela, 1980). In the end, Michelle did reconcile their performance with
their MSE by slowly lowering their MSE (suggesting a B was possible by Interview 2) but they
never entirely gave up their prediction of receiving an A. That is, Michelle seems to be a case of
remaining slightly over confident throughout the semester, with some reconciliation happening
around Interview 2.
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Lisa

Like Michelle, Lisa also believed the math in the intermediate algebra course was review.
Lisa said “I’ve noticed, especially in [intermediate algebra], I feel like it’s the same stuff I
learned in Algebra 2 [High School]. So, I feel like I’'m reviewing a lot of the time.” And “It kind
of just feels like I’ve been reviewing, I mean I know it’s only like four weeks in... So, I don’t
really know what to expect in the future, but as of right now, I feel like it’s all review.” Based on
this initial belief, Lisa predicted they would receive an A- in the course. Table 1 shows their
grade predictions throughout the course of the semester. We see that after exam 1 (before they
received their score) their MSE had increased, and they believed they would receive an A.
However, by Interview 2, they had lowered their MSE closer to their actual final grade. In
Interview 1, they said they felt “pretty confident” in the course but, when asked how they felt in
the second interview, they said “not very confident.” Despite this, Lisa continued to be
somewhat surprised by their exam scores throughout the semester; for example, regarding the
third exam Lisa said, “I thought I’d do better on this exam.”

Lisa’s initial over confidence seemed to stem from their belief that the course was review and
this over confidence seemed initially reinforced by the exam. In addition, like Michelle, Lisa also
demonstrated an external attribution for her lower performance, and this seemed to help maintain
her over confidence. In particular, Lisa partially blamed the instructor for their lower-than-
expected scores. Lisa said, “[My professor] doesn't teach in a way that [ have normally been
taught to do math and this unit is something that I've never done before like rational expressions
and equations. So, I’ve been struggling.” Lisa also stated of their instructor “I don’t really think
my teacher has covered enough of [the material] for me to understand.” As the semester went on,
Lisa also felt the material became more difficult, which may be why they lowered their MSE.
These lower-than-expected scores were motivating to them, causing them to study harder which
helped them sustain higher MSE (believing the extra studying would raise their performance).
Regarding the final exam they stated, “I definitely studied a lot more leading up to the final after
I received my previous test grades.” Despite this, Lisa received a C in the course and, in the final
survey, expressed not understanding the material as well as they thought.

In the end, Lisa did not reconcile their performance with their MSE until Interview 2, where
they predicted a C was possible and described themselves as not very confident. Lisa seems to be
a case of being over confident in the beginning but, as the difficulty of the material increased and
they continued to perform poorly, reconciling their MSE and performance by lowering their
MSE. In addition, we also see that external attributions for poor performance helped Lisa
maintain their over confidence.

Adrian

Adrian demonstrates a different reason for over confidence than Michelle and Lisa. Adrian
had actually taken the course before, referencing that this was their third or fourth time through
this same material. From the beginning, they expressed a lot of doubt in their abilities to succeed
in math courses in general; they specifically said that they were not confident, yet were hopeful,
that they would pass intermediate algebra at the college level. Adrian initially predicted they
would receive a low B in the course.

As shown in Table 1, between Interview 1 and Interview 2, Adrian’s MSE did fall but did not
align with their final course performance. In fact, Adrian’s MSE never fully aligned with their
performance. There seemed to be several reasons for this. First, Adrian responded to lower-than-
expected performance by working more and getting help. They said, “I attempted to study more,
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by working out more problems and getting help from others in the class.” Overall, Adrian
seemed to believe working out more problems and working with classmates would result in
better performance though, sadly, it did not. Adrian also believed that their homework and quiz
scores could make up for poor exam performance, leading them to believe they could still
perform well in the course. They said, “I know that I absolutely will not ace any exams, but I can
probably still pass [the course] with the quizzes and homework.” Unfortunately, this is not true
with the grade calculations of the course.

Finally, one other reason for Adrian’s high MSE seemed to be that, during the course, they
were diagnosed with ADHD for the first time. In the second interview, Adrian seemed more
hopeful that the course would go well because they finally felt like they could learn to navigate
having ADHD and then do better in the class. Adrian said, “Currently I'm trying to find a
medication that works for my ADHD and getting accommodations... So that may help once |
find the right medication [and] actually get the accommodations.” Adrian seemed to attribute
their past low performance externally, to ADHD, and seemed to believe that fixing this ADHD
would help them succeed. However, in the end, Adrian was not able to pass the course.

Across the Cases

Looking across the three cases, two themes emerge. First, all three students did lower their
MSE during the semester. That is, their continued lower than expected performance did lead to
lower confidence in their ability to be successful in intermediate algebra. However, this
reconciliation was slow (happening around interview 2 and not always ever fully aligning with
their final grade). Second, the reason this reconciliation was slow varied by participant but
included students externally attributing their poor performance (it was the teacher, the lack of a
calculator, or ADHD) as well as believing that changes (studying more or getting ADHD
treatment) would raise their future performance. Overall, we see that all participants doubted that
their initial exam scores were predictive of future performance (allowing them to maintain over
confidence). Their MSE only started to lower once they had repeated lower performance.

Discussion

Previous research has shown IMSE can exist though this research often lacked detail, was not
at the collegiate level, or was not in mathematics (Chen, 2006; Dassa & Nichols, 2019; Wyatt,
2014). Our work shows that IMSE does exist in collegiate mathematics and describes
qualitatively what that IMSE can look like. In addition, no previous research had examined how
IMSE was reconciled with performance. Our study shows that over confident students do slowly
reconcile their IMSE with their performance by lowering their MSE. However, this can be slow
because students externally attribute their low scores and have reasons to doubt their
performance scores will be predictive (because they are changing their behavior).

Recall that Sheldrake (2016) found that students with IMSE may base their MSE on sources
other than mastery experiences (performance). Sheldrake found, in particular, that over confident
students based their MSE beliefs on the perceived utility of mathematics. Unlike in Sheldrake’s
study, our participants never mentioned the utility of mathematics as a reason for their MSE;
however, given they were taking a mathematics course required for graduation, they were
presumably aware of the utility for their degree. Also in contrast with Sheldrake, we did not find
that participants were basing their MSE on sources other than performance; that is, they were not
basing their MSE on social comparison, vicarious experience, or affective/ physiological state.
Instead, we found that participants with IMSE were using performance as a source of MSE but
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had reasons to doubt their performance measures were predictive of the future because they
externally attributed their low performance and changed their behavior. However, these external
attributions and behavior changes did not lead to them being more successful.

Limitations and Future Work

The first limitation of this study is the small sample size. Having only fifteen participants, all
from the same university, limits our ability to extrapolate results. The choice of a small sample
size allowed us to collect detailed qualitative data at five points in time throughout the semester.
However, while we were able to identify three cases of over confidence, we were unable to
identify cases of under confidence. It is unclear if this is because this is rare or if participants
with under confidence simply did not participate in the study. This could be a topic for future
research where larger sample sizes might help better identify such participants.

An additional limitation is the self-reporting nature of the surveys. Self-reporting is necessary
to capture the MSE beliefs of students at a point in time and is common in previous research on
MSE (Dassa & Nichols, 2019; Hackett, 1985; Pajares & Miller, 1995). However, one issue that
can arise is students’ desire to give the “correct” answer, how they think they “should” feel. To
account for this, in the interviews, we asked students to describe and elaborate on their MSE
beliefs multiple times and then used member checking to ensure trustworthiness. However, it is
always possible that students did not share the full truth with us as researchers.

Implications for Practice

The findings in this study indicate that instructors should be aware of students who are under
or over confident and potentially take measures to help students calibrate their MSE beliefs with
their performances. This is not to say that we need to go around lowering or raising students’
MSE beliefs, but rather that we should try to help students become aware of their own abilities in
realistic ways. Perhaps we can design instructional material that includes components of
introspection alongside the content. Such introspection could increase the likelihood that students
will adjust their MSE beliefs accordingly.

Another aspect of this study that is informative for instructors is that MSE beliefs can change
over the course of the semester. What this means for instructors is the need to “keep a pulse” on
their students and their MSE beliefs. This is especially true with repeated performances that are
not what the student initially expected. Instructors could help students by encouraging them to
have a personal meeting with the instructor after the first or each exam. This session would not
have to be very long, but it would be a time to address the student’s performance on the exam,
any questions they missed, and the long-term effects of the exam and their current homework or
quiz performances on their grade. This counseling session could help students to have a better
understanding of the situation they are in and calibrate their MSE and performance better.

Overall, our results show that IMSE exists, is a result of specific reasons from the students’
course (e.g., initially seeming easy), and is based on factors similar to MSE but with students
perhaps interpreting these factors differently than instructors. Learning about IMSE serves as an
opportunity for instructors to better understand their students and help their students better
understand themselves and what leads to their success. If we can continue the pursuit of helping
students achieve their goals and learn about themselves, we can increase student success in
mathematics.
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