
Making sense of confusion: Relating performance, confidence, and self-efficacy
to expressions of confusion in an introductory physics class

Jason E. Dowd,1,* Ives Araujo,2,3 and Eric Mazur1,2
1Department of Physics, Harvard University, 17 Oxford Street, Cambridge, Massachusetts 02138, USA

2School of Engineering and Applied Sciences, Harvard University,
9 Oxford Street, Cambridge, Massachusetts 02138, USA

3Physics Institute, Federal University of Rio Grande do Sul, 9500 Bento Gonçalves Avenue,
Porto Alegre–RS, 91501-970, Brazil

(Received 15 May 2014; published 3 March 2015)

Although confusion is generally perceived to be negative, educators dating as far back as Socrates, who
asked students to question assumptions and wrestle with ideas, have challenged this notion. Can confusion
be productive? How should instructors interpret student expressions of confusion? During two semesters of
introductory physics that involved Just-in-Time Teaching (JiTT) and research-based reading materials, we
evaluated performance on reading assignments while simultaneously measuring students’ self-assessment
of their confusion over the preclass reading material (N ¼ 137; Nfall ¼ 106, Nspring ¼ 88). We examined
the relationship between confusion and correctness, confidence in reasoning, and (in the spring) precourse
self-efficacy. We find that student expressions of confusion before coming to class are negatively related to
correctness on preclass content-related questions, confidence in reasoning on those questions, and self-
efficacy, but weakly positively related to final grade when controlling for these factors (β ¼ 0.23,
p ¼ 0.03).
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I. INTRODUCTION

When instructors pose the question, “Is anyone con-
fused?” they are asking students to reflect on a topic,
consider with which parts they feel comfortable and with
which parts they struggle, and then report their thoughts.
A breakdown anywhere along this sequence may mislead
the instructor, and, even if students accurately report their
ideas, instructors may not interpret such feedback correctly
[1]. Students’ expressions of doubt may indicate discomfort
with the material, or they may indicate that students are
actually engaged and growing familiar enough with the
material that it is conflicting with their prior knowledge and
expectations. Conversely, the absence of confusion may
indicate comprehension of the material, but it may also
indicate that the student is not even aware of conflicts
between new ideas and prior knowledge. Student
recognition of this conflict may assist, rather than
inhibit, the learning process [2–6]. Moreover, positive
aspects of confusion, which indicate critical thinking and
self-assessment, and negative aspects of confusion, which
indicate a lack of knowledge or confidence in one’s
knowledge, are not mutually exclusive.

In this study, we examine how students’ expressions of
confusion after reading new material and before coming to
class relate to other measures of learning and engagement
so that we might better interpret such confusion during
instruction. We use the term “expression” to emphasize that
the confusion reported by students is not necessarily
identical to their thought processes. Perhaps students are
concerned about displaying too much or too little confusion
about a subject, or motivated to reply efficiently at the
expense of accuracy. We limit our analysis to confusion that
students express, and we make no assumptions about how
students’ submitted responses may differ from their unex-
pressed thoughts.
From a practical point of view, the question is straight-

forward. However, the notion of confusion actually trans-
ects several different theoretical domains. Three related
concepts—metacognition (thinking about one’s own
knowledge and understanding), confidence (belief in one’s
ability to act in a proper way), and self-efficacy (belief in
one’s ability to execute required actions)—each relate to
different facets of confusion and therefore must combine to
form a theoretical framework for the present study. Here we
briefly introduce these concepts and suggest additional
references for more detailed discussion.
One cannot express confusion without engaging in

metacognition, which involves knowledge and cognition
about cognitive phenomena [7]. Metacognition is important
in learning because students who can accurately distinguish
between what they have already learned and what they have

*jedowd@post.harvard.edu

Published by the American Physical Society under the terms of
the Creative Commons Attribution 3.0 License. Further distri-
bution of this work must maintain attribution to the author(s) and
the published article’s title, journal citation, and DOI.

PHYSICAL REVIEW SPECIAL TOPICS - PHYSICS EDUCATION RESEARCH 11, 010107 (2015)

1554-9178=15=11(1)=010107(10) 010107-1 Published by the American Physical Society

http://dx.doi.org/10.1103/PhysRevSTPER.11.010107
http://dx.doi.org/10.1103/PhysRevSTPER.11.010107
http://dx.doi.org/10.1103/PhysRevSTPER.11.010107
http://dx.doi.org/10.1103/PhysRevSTPER.11.010107
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/


yet to learn will be more strategic and effective in the
educational setting. Students’ evaluation of their own
performance on a task is often used to assess metacogni-
tion, despite concerns about the validity of such self-
reported measures [8]. Treating the similarity between
students’ estimates of their knowledge and their perfor-
mance as a proxy for metacognition, researchers have
found that this ability is generally positively related to
GPA [9]. In the science classroom, numerous teaching
strategies are designed to promote metacognition, as more
metacognitive students are more likely to recognize incon-
sistencies and refine naive ideas [10]. Specifically within
physics, researchers observe that adding metacognitive
tasks to reading-comprehension exercises results in higher
post-test scores when compared to a group of subjects
who do not complete the metacognitive tasks [11]. More
generally, research involving strong and weak readers,
writers, and problem solvers shows skilled, successful
individuals also tend to be more successful in metacogni-
tive activities [12]. In some tasks, individuals who perform
poorly do not know how poorly they are performing, which
researchers attribute to links between content knowledge
and the metacognitive skills related to that knowledge [13].
These studies represent only a small sample of a broad and
robust field of research in which evidence consistently
suggests that enhanced metacognition is positively related
to learning outcomes.
The psychologist Albert Bandura introduced the term

self-efficacy in 1977 to provide a means of explaining the
effect of performance-based procedures on psychological
change [14]. Simply put, self-efficacy refers to “people’s
judgments of their capabilities to organize and execute
courses of action required to attain designated types of
performance” [15]. A review of numerous studies meas-
uring sources of self-efficacy in academic contexts suggests
that mastery experiences are most strongly related to
students’ self-efficacy [16]. In the sciences, researchers
have linked self-efficacy to persistence in the discipline
and academic success [17–21]. Research efforts in physics
education indicate that physics self-efficacy plays an
important role in both learning and interest in the discipline
[22–24], and that classroom experiences can change
students’ self-efficacies [24,25]. Researchers find that
self-efficacy compares favorably to other predictive attrib-
utes for academic success and career decision making [26].
Additionally, differences in self-efficacy are associated
with differences in gender performance and representation
[23,27,28], and have implications for identifying academi-
cally at-risk students [29].
Confidence and self-efficacy, although distinct con-

structs, are very closely related and often highly correlated.
Confidence refers to one’s belief in one’s own ability,
which can be equivalent to having high self-efficacy.
Confident students have been found to perform better on
examination, though correct students were not always

confident about their correct answers [12,30,31]. In one
of these studies, the relationship between confidence and
correctness is much stronger among better-performing
students, whereas poorly performing students’ correctness
does not vary much with confidence [12]. In another study,
there is a larger degree of overconfidence among lower-
performing subjects [30]. Both of these findings, based
upon students’ reports of confidence in their own perfor-
mances, capture the same link between metacognitive skills
and content knowledge discussed in Ref. [13].
Some argue that self-efficacy is very specific to a task in

a given situation and self-concept, a different construct,
applies to more general beliefs about competence [32].
Others refer to self-efficacy as a more general sense of one’s
ability (e.g., in a science discipline), and that performance
accomplishments in multiple contexts can effectively
improve self-efficacy across contexts [14]. Thus, the lines
between confidence in one’s ability and confidence in one’s
actions in a specific circumstance are somewhat vague.
In this work, we consider self-efficacy to refer to beliefs
about one’s ability in the discipline (i.e., physics) and
confidence to refer to specific beliefs about responses to
particular content-related questions.
Researchers have connected self-efficacy, confidence,

and metacognition to student learning outcomes and used
these connections to motivate practices for instructors [33].
In the science classroom, some argue that metacognition
plays a more important role when problem solving involves
grappling with unfamiliar tasks and methods than when it
involves executing known procedures [10,34]. Research
into productive failure and enhanced learning from unsuc-
cessful retrieval attempts suggests that challenging stu-
dents’ confidence and abilities may ultimately benefit
learning and performance outcomes [35–39]. However,
these studies do not shed light on how instructors should
interpret students’ expressions of confusion. In fact, we
know of only a few studies to directly address student
confusion in the sciences, and these studies emphasize its
complex role in student learning [1,4]. To what extent are
metacognition, confidence, and self-efficacy related to
confusion? Is confusion a good sign because it indicates
that students engage in metacognition or a bad sign because
it indicates a lack of confidence? And how do students’
expressions of confusion relate to other aspects of learning
and engagement? In this study, we address these questions
in one context.

II. METHODS

We analyzed data collected from 137 students across a
two-semester sequence of introductory physics courses at
Harvard University during the fall of 2010 and the spring of
2011. Of the 137 students, 57 completed both courses; 106
students participated in the fall and 88 students participated
in the spring [40]. As described below, we recorded student
expressions of confusion before class, performance on
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reading exercises, confidence in their performance on
reading exercises, pre- and post-course self-efficacy (in the
spring), and performance on graded course activities.
The two-semester sequence of courses was designed

for nonphysics concentrators. A different instructor taught
each semester; one of us (E. M.) was the instructor for the
second-semester course. Both instructors implemented the
preclass components of Just-in-Time Teaching (JiTT) and
emphasized the importance of completing the reading
assignments to the students. JiTT is a teaching and learning
strategy in which students engage with the material and
submit a completed “WarmUp” activity the evening before
class, so the instructor has the opportunity to incorporate
this feedback and focus on student difficulties in class [41].
Specifically, as implemented here, this activity consists of
two content-related questions and one “confusion” ques-
tion, which requires students to reflect on their under-
standing of the material. In addition to these preclass
activities, the instructor of the first-semester course occa-
sionally posed in-class conceptual questions to students for
discussion, but more often presented material through
lectures and demonstrations. The instructor of the sec-
ond-semester course employed Peer Instruction (PI), using
demonstrations in conjunction with in-class conceptual
questions and discussion; the use of lecture was limited
[42]. In both semesters, students received credit for
participation by responding to both preclass exercises
and in-class questions.
In this study, we consider students’ preclass responses to

the confusion question as the sole metric of confusion.
Students were assigned 22 reading exercises during the fall
semester and 21 reading exercises during the spring
semester. Students submitted responses online.
In the following sections, we detail each of the variables

used to quantify students’ expression of confusion, reading
assignment correctness, confidence in reasoning, course
performance, and physics self-efficacy. We then describe
our approach to analysis.

A. Confusion index

Although the free-response format is highly conducive to
rich student responses, barring automated text analysis, we
could not analyze large amounts of such data. Therefore,
we formatted questions so that student responses could be
analyzed efficiently without sacrificing the detailed infor-
mation afforded to instructors by the free-response format.
The confusion question consisted of three parts, as

shown in Fig. 1. Depending on how students responded
to the first part (“In the material that you just completed
reading, did you find anything difficult or confusing?”), the
second part appeared in one of two ways. If students
responded “yes” in part one, part two asked what topics
students found confusing; if students responded “no” in
part one, part two asked what topics students found
interesting. Part three (“Please elaborate. Do you have

any questions?”) allowed students to elaborate in free-
response format.
Posing the question this way serves multiple purposes.

The question is balanced, so students cannot answer more
quickly by expressing no confusion. By asking students if
they are confused and gauging their confusion on the topics
within the reading assignment, the question is more
thorough than simply asking which points students found
confusing or most confusing. The free-response informa-
tion is most valuable to the instructor, so the third part of the
question ensures that students can be specific and thorough
without too much effort. Although the inclusion of the term
“difficult” in addition to “confusing” makes students’
responses to the first part of the question more ambiguous
than if only the term confusing were included, the second
part of the question unambiguously asks students to reflect
on their confusion.
We established a quantitative value for confusion based

on students’ responses to the second part of the question, in
which they state their degree of confusion about topics
within a reading assignment. Because students tend to
express at least some confusion relatively frequently,
students’ yes or no responses are much more skewed
toward yes than their degree of confusion, which is more
normally distributed. We associate “not at all,” “some-
what,” and “very” with the numerical values 0, 1, and 2,
respectively, and average these values across all topics
listed within a single reading assignment. We call this
average value the confusion index. If a student expresses no
confusion in the first part of the question, the confusion
index is zero. In this way, we can quantify the degree of
confusion of different students. Any subsequent references
to confusion should be interpreted as “average degree
of confusion after reading, as calculated using the
confusion index.”

FIG. 1. Before class, students are asked to respond to this three-
part confusion question regarding the reading material that they
just completed as part of a reading assignment. The second part
differs depending on whether students respond yes or no in the
first part, as shown. The third part is free response.
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We emphasize that quantifying students’ expressions of
confusion this way is intended only to capture the magni-
tude of their responses in this context. We do not presume
to generalize students’ responses to this question to con-
fusions in other contexts (such as in-class discussions or
examinations), and we make no assumptions about what
students are thinking when they submit responses. The
context is authentic, in that instructors use responses to this
question to assess students’ ideas and prepare for class.
This authenticity motivates our research questions and
imparts meaning to our findings. We do not claim that
this confusion question is the optimal or most valid means of
assessing confusion, as we do not have data to address this.
In each assignment, the confusion question was posed

before the two content-related questions, followed by a
final opportunity to revise the response to the initial
confusion question. We posed the confusion question first
because we did not want challenging content-related
questions to influence students’ responses about their
confusion. The opportunity to revise confusion was
included as a separate, free-response question primarily
to dissuade students from changing their responses to the
initial question. Only the initial responses were analyzed. It
is possible that asking students to express their confusion
first may have influenced performance on the content-
related questions.

B. Reading assignment correctness

The two content-related questions in each reading
assignment were intended to be thought provoking and
counterintuitive, so students would have to critically
engage with the material before class [43]. The students
were required to explain their reasoning for these two
questions. At least two—and sometimes as many as three
or four—researchers and instructors reviewed and dis-
cussed each content-related question before dissemination
to students to ensure that they depended upon the content in
the reading but could not be answered by simply locating a
key passage in the text. Whenever possible, questions were
designed so that response choices spanned the entire space
of possible answers (e.g., A greater than B, B greater than
A, A and B are equal). This way, each question could be
posed as a multiple-choice question with a free-response
field for students to explain their reasoning, limiting
students’ ability to use the response choices to guide their
reasoning.
Students’ responses were associated with numerical

values of 0, 1, or 2, depending on whether they correctly
answered neither, one, or both of the content-related
questions, respectively.

C. Confidence in reasoning

In posing the questions this way, we also probed one
more facet of student understanding: confidence in reason-
ing on each content-related question. After explaining their

reasoning, students were asked to rate their confidence in
the explanation that they provided on a scale of low,
medium, and high. These levels were associated with
respective sequential numerical values for quantitative
analysis.
We quantify students’ confidence in this way because we

are interested only in the magnitude of their confidence in
their reasoning on these reading assignment questions.
We do not claim that students’ confidence here relates to
students’ more general confidence in physics, or even
to their confidence on similar questions in an exam setting.
On a particular reading assignment, if a student expressed
confusion about the material but expressed confidence
in how he or she had answered the content-related ques-
tions, we are able to separate those factors by assessing
confidence this way.

D. Course performance

In addition to analyzing student performance and con-
fidence on each of the content-related questions and student
expressions of confusion, we analyzed performance on
course-related activities (problem sets, laboratory activities,
exams, and cumulative grades). We use exploratory factor
analysis to determine if the correlations among different
variables describe one or more uncorrelated aspects of
performance [44]. For both the fall and spring semesters,
we find that the grades for reading exercises (evaluated for
participation only), laboratory activities, midterm exams,
final exam, and the final grade (which, scored out of 100%,
is a continuous variable) all describe one factor. Therefore,
we use the final grade, which is sufficiently normally
distributed and is among the most heavily weighted
variables in the factor, as the primary summative measure
of students’ performance in the course.

E. Physics self-efficacy

Additionally, in the spring semester, we analyzed pre-
and postcourse performance on a survey of self-efficacy in
physics, which is available in Ref. [29]. This survey
consists of 25 items to which students responded on a
5-point Likert scale from “strongly disagree” to “strongly
agree.” Items on this survey were based on the validated
Sources of Self-Efficacy in Science Courses–Physics
(SOSESCP) instrument [22,24]. The survey was adminis-
tered as a pretest during the first week of classes on paper
and as an online post-test between the last class and the
final examination.
Some items on the survey are designed to assess physics

self-efficacy, and others are designed to assess Peer
Instruction self-efficacy [29]; only the portion pertaining
to physics self-efficacy is considered here. Of the 25 items,
a subset of seven items (also identified in Ref. [29]) relates
to general physics self-efficacy. This subset includes such
items as “I am confident I can do the work required for this
course” and “When I come across a tough physics problem,
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I work at it until I solve it.” For these items, Cronbach’s
coefficient of reliability (α) was 0.85 on the pretest and 0.83
on the post-test, as reported in Ref. [29]. Students’ average
responses on these seven items were used to quantify their
physics self-efficacy as a continuous variable. Both pre-
and postcourse responses are sufficiently normally distrib-
uted for linear regression analysis.
As this survey was only administered in the spring

semester, we cannot consider self-efficacy of students
during the fall semester.

F. Approach to analysis

We conduct factor analysis on students’ confusion
indices, correctness, and confidence ratings across all of
the individual assignments each semester, and we find that
each of these variables is strongly described by just one
factor. This does not indicate that students’ expressions of
confusion, for example, do not change over time. Indeed,
we find that some topics, such as the propagation of
electromagnetic waves, coincide with much higher average
confusion indices than other topics, such as electric circuits.
Instead, the single factor indicates that individual students’
responses are strongly correlated; someone expressing
more confusion on one topic tends to also express more
confusion on other topics. Therefore, we average students’
confusion indices, correctness, and confidence ratings from
each reading exercise across the semester and consider
these values as representative of the underlying factors.
We average the 43 independent measurements (22 from

the fall semester, 21 from the spring semester) of confusion
index, correctness, and confidence ratings in order to build
regression models in which these average values may be
included alongside course-wide measurements of self-
efficacy and overall course performance. Although a
student’s incoming physics self-efficacy may be only
slightly related to expression of confusion or confidence
on any specific topic, self-efficacy may relate more strongly
to these average values.
Our analysis depends on the students’ ability to rate

their confidence, confusion, and physics self-efficacy on
scales that are not calibrated to any external standards.
We did not provide descriptive rubrics or sample responses
to help standardize responses out of concern that such
materials would exhaust students’ patience or influence
their responses.

We consider only the presemester survey of physics
self-efficacy in our analysis because we find that the
pre- and postsemester surveys are highly correlated.
More students participated in the presemester survey.
We do not mean to imply that students’ self-efficacies
are static in general; indeed, other researchers report
changes during instruction [24,25]. However, in this
particular course, we do not observe statistically signifi-
cant changes in students’ self-efficacies, as measured by
pre- and postsurveys.
In the cases of such variables as confusion index,

confidence, and self-efficacy, the native scales are not
readily interpretable, so we can more easily describe
observations using standard scores, or z scores. These
scores allow us to compare the relative strength of relation-
ships among variables with different units, though they can
also mask whether or not a relationship is meaningful on an
absolute scale. Therefore, we also use the native scale for
confusion index and final grade in our analysis.

III. RESULTS

A. Correlations

We first investigate the correlations among variables
discussed above for both the fall and spring semesters. As
shown in Table I, during the fall semester, the confusion
index is negatively related to correctness on the content-
related questions and confidence in reasoning on those
questions, but not significantly related to final grade. In
other words, students who express more confusion about
reading material on average tend to express less confidence
in their reasoning, and also tend to perform more poorly on
content-related questions. The strengths of these relation-
ships vary; confusion index is strongly negatively related to
confidence and more moderately negatively related to
correctness. However, we also see that many of the non-
confusion variables are strongly related to one another,
suggesting that multiple regression analysis of confusion
and these other variables may reveal different relationships.
The relationships during the spring semester, shown in
Table II, are very similar to those observed in the fall
semester. Self-efficacy is strongly negatively related to
expressions of confusion, and it is also strongly positively
related to all of the other characteristics under consider-
ation here.

TABLE I. Correlations of characteristics of student learning and engagement, fall 2010 (N ¼ 106).a

Confusion index Correctness Confidence Final grade

Confusion index 1.00
Correctness −0.24* 1.00
Confidence −0.43*** 0.34*** 1.00
Final grade −0.04 0.45*** 0.24* 1.00

a(*p < 0.05, **p < 0.01, ***p < 0.001).

MAKING SENSE OF CONFUSION: … PHYS. REV. ST PHYS. EDUC. RES 11, 010107 (2015)

010107-5



B. Regression analysis

To explore the interactions among these characteristics,
we build a series of multiple regression models. Because
the primary goal of this analysis is to better understand how
multiple variables are related to students’ expressions of
confusion, we are most interested in linear regression
models in which expression of confusion is the outcome
variable. Specifically, we first investigate the relationship
between students’ expressions of confusion about reading
assignments and correctness on questions related to reading
assignments. Even without controlling for other variables,
this relationship reveals whether students’ initial confusion,
upon coming to class after completing a reading assign-
ment, is positively or negatively related to initial perfor-
mance. Then, we investigate the relationship among
students’ expressions of confusion and the multiple other
variables discussed here. We are particularly interested in
the relationship between students’ expressions of confusion
and final grade, as final grade is our proxy for ultimate
performance. The lack of significant correlations between
final grades and expressions of confusion shown in Tables I
and II suggest that the two variables are not related.
However, it is possible that this apparent lack of relation-
ship results from competing positive and negative relation-
ships that combine to show no net relationship. Controlling
for other variables in our regression models allows us to
separate competing relationships and reveal a potential
hidden relationship between our two variables of interest,
expression of confusion and final grade.
Tables III and IV summarize regression models for the

fall and spring semesters, respectively. Standard coeffi-
cients are displayed. These models were chosen for specific

reasons, as described above. Models 1f and 1s (where the
letters “f” and “s” represent fall and spring semesters,
respectively) address our most immediate research ques-
tion. Model 2f is the most comprehensive model from the
fall semester, and model 2s is included for direct compari-
son. Model 4s is the most comprehensive model from the
spring semester. Model 3s is included because the omission
of final grade as a variable allows us to better visualize the
relationship captured in model 4s, as discussed in more
detail below.

1. Simple regression models

When only the confusion index and reading exercise
correctness are included in the model (models 1f and 1s),
there is a statistically significant negative relationship
between the two variables; in other words, when no other
variables are included in the model, an increase in correct-
ness of 1 standard deviation is associated with a decrease in
confusion index of approximately 0.24 standard deviations
during the fall semester and 0.37 standard deviations in the
spring semester. In social sciences, these might be consid-
ered roughly medium effect sizes [45]. Only 5.8% and
13.3% of the variation in confusion is explained by
correctness in the fall and spring semesters, respectively.

2. Multiple regression models

When final grade, confidence in reasoning, and reading
exercise correctness are included in the model (models 2f
and 2s), final grade is not statistically significantly related
to the confusion index. When presemester self-efficacy is

TABLE III. Fitted linear regression models explaining variation
in confusion index by selected variables of student learning and
engagement, fall 2010 (N ¼ 106).a

Variable Model 1fb Model 2fc

Correctness −0.24* −0.16
Confidence −0.41***
Final grade 0.13

a(*p < 0.05, **p < 0.01, ***p < 0.001).
bR2 ¼ 0.058, RMSE ¼ 0.98.
cR2 ¼ 0.208, RMSE ¼ 0.90.

TABLE IV. Fitted linear regression models explaining variation
in confusion index by selected variables of student learning and
engagement, spring 2011 (N ¼ 88).a

Variable Model 1sb Model2sc Model 3sd Model 4se

Correctness −0.37*** −0.27* −0.14 −0.26*
Confidence −0.46*** −0.32** −0.31**
Final grade 0.15 0.23*
Self-efficacy (pre) −0.29** −0.34**

a(*p < 0.05, **p < 0.01, ***p < 0.001).
bR2 ¼ 0.133, RMSE ¼ 0.94.
cR2 ¼ 0.321, RMSE ¼ 0.84.
dR2 ¼ 0.366, RMSE ¼ 0.81.
eR2 ¼ 0.401, RMSE ¼ 0.79.

TABLE II. Correlations of characteristics of student learning and engagement, spring 2011 (N ¼ 88).a

Confusion index Correctness Confidence Final grade Self-efficacy (pre)

Confusion index 1.00
Correctness −0.37*** 1.00
Confidence −0.52*** 0.39*** 1.00
Final grade −0.12 0.57*** 0.26* 1.00
Self-efficacy (pre) −0.50*** 0.34** 0.50*** 0.37*** 1.00

a(*p < 0.05, **p < 0.01, ***p < 0.001).
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considered alongside final grade, confidence in reasoning
and reading exercise correctness (model 4s), final grade is
positively related to the confusion index; an increase in
score on final grade of 1 standard deviation is associated
with an increase of 0.23 standard deviations in confusion
index. This might be considered a small-to-medium effect
size [45]. We see that 40.1% of the variation in confusion is
explained. All four of the variables are statistically signifi-
cantly related to confusion index.
To better illustrate these relationships, in Fig. 2 we

highlight models 2f, 2s, and 4s. Because each variable is
represented as a standardized z score, all of the variables
may be represented on the same scale. We see that the
relationship between confusion and final grade is positive
in all of these models, albeit not necessarily statistically
significant, while the relationships between confusion
and each of the other variables are negative. If there were
no relationship between expression of confusion and final
grade, one might expect less consistency in coefficient
values across different models and semesters. We do not
observe any interaction effects among the variables.
To highlight the relationship between confusion and

final grade, in Fig. 3 we display the difference between
each student’s average confusion index and the confusion
index “predicted” by model 3s, which includes reading
assignment correctness, confidence in reasoning, and self-
efficacy during the spring semester. In this case, we are no
longer using standard scores; the vertical axis displays the
difference in confusion index on an absolute scale, and
the horizontal axis displays final grades binned roughly
according to letter grade. As shown, students who earn high
final grades in the course express more confusion than
explained by model 3s, and students who earn low final
grades express less confusion than explained by model 3s.

Although the difference between actual and “predicted”
confusion index within each of the final grade ranges is not
statistically significantly different from zero, the apparent
pattern is in keeping with regression model 4s.

IV. DISCUSSION

The negative relationship between confusion index and
correctness on reading exercises (models 1f and 1s), in
conjunction with the positive relationship between con-
fusion index and final grade (model 4s), suggests that the
confusion index captures multiple aspects of learning and
engagement, both positive and negative. When final grade,
confidence in reasoning and self-efficacy are measured
alongside reading assignment correctness, the positive
aspects of expressing confusion about the reading emerge
as being positively associated with final grade, while the
negative aspects of confusion are captured by measures of
self-efficacy and confidence in reasoning. Thus, we make
two claims about students’ expressions of confusion after
reading in this introductory physics course:
(1) When relevant factors are not controlled for, one

cannot separate positive and negative aspects of
students’ reported confusion, rendering such con-
fusion negative or uninformative, depending on the
learning outcome of interest.

(2) When relevant factors are controlled for, one may be
able to separate and identify positive aspects of
confusion.

FIG. 2. Fitted linear regression models explaining variation in
confusion index by selected variables of student learning and
engagement. Models 2f, 2s, and 4s are displayed here, where the
letters f and s represent fall and spring semesters, respectively.
The bars represent the 95% confidence interval around each of
the mean values; if the confidence interval does not overlap the
“zero line,” then the difference is statistically significant at the
p ¼ 0.05 level.

FIG. 3. Difference between each student’s average confusion
index and the confusion index predicted by regression model 3s
(which includes the reading assignment correctness, confidence
in reasoning, and self-efficacy during the spring semester),
binned according to final grade. The vertical axis displays the
difference in confusion index; although the absolute scale of
confusion index ranges from 0 (not at all confused) to 2 (very
confused), the difference between actual and predicted values can
be positive or negative. The horizontal axis displays final grades
binned roughly according to letter grade. The error bars represent
the standard error of the mean of binned values. The numbers N
of students in each bin are as follows: 60 or lower (N ¼ 2),
60–70 (N ¼ 3), 70–80 (N ¼ 14), 80–90 (N ¼ 41), and 90–100
(N ¼ 28).
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In other words, confusion reflects a mixture of qualities that
instructors may not be able to isolate without collecting
additional information from students.
The multiple regression analyses presented above suggest

that the three probes of self-regulated learning employed
here—confusion index, ratings of confidence in reasoning,
and evaluation of physics self-efficacy—relate to distinct
aspects of students’ engagement. By assessing confidence in
reasoning independent of confusion, we seem to be able to
separate students’ doubts about the content-related questions
in each reading assignment from their more general con-
fusion about the material. In the spring semester, by
assessing self-efficacy in physics independently, we also
seem to be able to separate students’ confusion stemming
from their perception of their own abilities in physics. Thus,
the positive aspects of confusion may relate to a more
general, metacognitive engagement.
JiTTand PI are designed to make physics instructionmore

metacognitive. Frequent opportunities for reflection about
sources of confusion, coupled with collaborative interactions
in the classroom and a strong focus on the value of self-
directed learning, are built on the notion that such activities
benefit learning outcomes. It is encouraging that the relation-
ships observed across both semesters are quite similar,
despite the much more prominent role of lecture during
the fall semester, but the present analysis is not intended to
be immediately generalized across contexts. The specific
context of this study—this student body, how instruction is
carried out, how confusion and other factors are assessed—
may crucially affect the observed relationships.
Additionally, the fact that students are encountering

material through reading, as opposed to lecture or peer
discussion, may also influence relationships. Poor perfor-
mance or low confidence in reading assignments may stem
from challenging content, weak reading comprehension, or
a combination of these factors. However, challenges to
students’ encoding of new material are not unique to
reading activities. Science reading, like science learning
in general, involves the interpretation of presented material
and integration with prior knowledge and concurrent
experiences [46]. During lecture or peer discussion, class-
room distractions and nuances of social engagement can
also compound the inherent challenges of learning new
material. The relationships among confusion after reading
and the other variables highlighted here may stem in part
from challenges in reading comprehension, but that does
not diminish the value of recognizing that these observed
relationships exist in an authentic learning environment.
Researchers have focused on improving students’ read-

ing comprehension skills through engagement in metacog-
nition across general and even physics contexts [11,47].
Similarly, the metacognitive activities performed by stu-
dents that provide data for this analysis could influence
their behavior. The very act of asking students to self-assess
confidence in their reasoning on each reading assignment

may have strengthened the positive relationship between
confidence and performance that was observed. However,
because the context in which these data are collected is
already quite specific, such incidental metacognitive activ-
ities do not negatively impact our claims. Our goal is not to
simply assume that these findings apply broadly, but rather
to provide insight about the value of confusion as a means
of assessing student learning and engagement, raise caution
about assuming that confusion is always negative, and raise
questions about what positive aspects of confusion might
actually tell instructors about student learning.

A. Implications for instruction

In the courses described here, students express their
confusion after first encountering the material through
reading assignments and before discussing the material
in class. Asking students to describe their specific con-
fusions before class allows instructors to tailor activities to
students’ prior knowledge and more effectively attend to
sources of confusion. One might expect that the critical
thinking and introspection required for confusion to be
positive would only occur after repeated exposure to the
material and some discussion. Nonetheless, we find evi-
dence that these positive processes may take place even at
this earliest point of assessment. Moreover, the absence of a
negative relationship between expression of confusion and
final grade invalidates the notion that confusion is simply
negatively related to all learning outcomes. Although the
means of assessing confusion described here taps into too
many distinct aspects of engagement (initial knowledge,
confidence, and self-efficacy) to provide a direct means of
assessing the role of students’ metacognition in learning,
the small-but-positive relationship between expression of
confusion and final grade suggests the potential for such a
purpose.
With evidence here of potentially positive aspects of

confusion in instruction, we may now ask whether these
aspects change when confusion is assessed at different
stages of instruction or alongside different activities in
class. Perhaps students’ expressions of confusion after
repeated exposure to the material, rather than initial
exposure, relate to critical thinking even more strongly.
Or perhaps confusion expressed in different classes and
different populations may convey entirely different infor-
mation about learning and engagement. Confusion
expressed in class may differ from confusion expressed
before class. We have only begun to explore these avenues,
and therefore propose that instructors assess students’
confusion early, often, and without assumptions of what
confusion (or the absence thereof) may convey.

V. CONCLUSION

Students who express more confusion before class
tend to also display lower confidence in reasoning, lower
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self-efficacy, and, to a slight degree, weaker performance
on reading exercises. However, when we control for all of
these factors, students who express more confusion tend to
also perform better overall, as measured by final grade. In
other words, we are able to identify positive aspects of
confusion, creating the possibility for genuine assessment
of the positive impact of students’ metacognition in
achieving learning outcomes.
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APPENDIX: FALL SEMESTER, EXERCISE 20

1. Confusion topics

Forces in a fluid, buoyancy, fluid flow, surface effects,
pressure and gravity, working with pressure, Bernoulli’s
law, viscosity, and surface tension.

2. Content-related questions

(Correct answers are indicated in bold font.)
Q1. You have two different balloons. You inflate both of

them as much as you possibly can (until your lungs can’t
push any more air inside the balloons), and you find that
one balloon is clearly much bigger than the other. You then
connect the balloons to each end of a straw that you’ve
clamped in the middle. Which way does the air flow once
you remove the clamp?
(1) Air flows from the large balloon to the small one.
(2) Air flows from the small balloon to the large one.
(3) No air flows between the balloons.
(4) More information is needed to determine how the

air flows.
Q2. There are two beakers, one filled with water and the

other filled with vegetable oil. When you put a particular
ball in the water, it just barely floats (as in, only a small
fraction of the ball is above the surface of the water). When
you put the same ball in the oil, it sinks to the bottom. What
happens when you put the ball in the water, and then you
pour the vegetable oil on top?
(1) The ball remains floating at the same exact height.
(2) The ball floats lower, just barely touching the oil-

water interface.
(3) The ball floats higher, still partially within the

water.
(4) The ball sinks to the bottom of the water.
(5) This cannot be determined from the given information.
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