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Over the course of instruction, not only does most introductory physics students’ content knowledge
evolve but their attitudes and approaches to problem solving are also likely to evolve. This change may
depend on many factors including the curricula and pedagogies used, the degree to which instruction
actively engages students in the learning process, as well as the gender of the students. While changes in
epistemology and beliefs about physics have been examined in the literature, how students’ attitudes and
approaches to problem solving change from the beginning to the end of instruction in introductory physics
and how method of instruction or gender of the student impact them remain largely unexplored. To examine
the potential changes in attitudes and approaches to problem solving over a semester, we administered a
previously validated attitudes and approaches to problem solving (AAPS) survey both at the beginning
(pre) and at the end of instruction (post) in eight large enrollment calculus-based introductory physics
classes at a large research university in the United States. At both points in time (beginning and end of a
semester of instruction), each class was also given surveys measuring students’ conceptual understanding:
the Force Concept Inventory (FCI) or the Conceptual Survey of Electricity and Magnetism (CSEM),
depending upon whether it was the first or second semester course. In addition, final exam scores, gender of
students, and descriptions of the instructional methods used for each class were collected. The AAPS
survey was used to measure students’ attitudes and approaches to problem solving, and the conceptual
surveys and exam scores were used to measure the degree to which each course helped students learn
physics concepts. We examined students’ performance on the AAPS survey, FCI or CSEM, and final
exams, and compared the results for different instructional methods, and gender of students. Moreover, we
examined whether or not there were correlations between the expertlike response on the AAPS survey and
the performance on FCI or CSEM or final exams. We found that all classes exhibited a decline in score on
the AAPS survey suggesting worse attitudes related to problem solving after instruction. Furthermore,
controlling for the initial scores, classes which involved significant use of evidence-based active
engagement methods exhibited statistically significantly better scores on the AAPS survey at the end
of the course compared to classes which were taught primarily using a traditional lecture-based approach.
Equally importantly, unlike broader epistemological surveys, female students were found to exhibit less of
a decline in AAPS scores than did their male counterparts in all classes and the AAPS scores were always
higher for female students at the end of the course. Future research should contemplate how this novel
finding may be effectively exploited to develop and implement curricula and pedagogies to reduce the
gender gap in performance often observed in introductory physics.
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I. INTRODUCTION

Instructional goals of many introductory physics courses
include helping students develop expertlike problem solv-
ing skills while learning physics concepts. Therefore, many
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physics education researchers have been involved in inves-
tigating expert-novice differences in physics problem solv-
ing, how students develop their problem solving skills, and
instructional strategies to make students perform more
expertlike tasks, see, e.g., Refs. [1-37]. These instructional
goals may be facilitated by helping students develop attitudes
and approaches to problem solving that reflect the way an
expert might think about and solve physics problems.
Reference [1] is a synthesis of discipline-based education
research in physics and Ref. [2] is an overview of physics
education research on problem solving. In particular,
Chi et al. [3] conducted research showing differences in
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the expert-novice problems solving via problem categoriza-
tion and Reif et al. [4-6] investigated the effect of knowledge
organization on task performance and prescribed effective
problem solving processes.

Mestre and colleagues [7-10] have conducted many
studies focusing on various facets of expert-novice
differences, e.g., the relation between problem categoriza-
tion and problem solving among experts and novices and
how to make beginning physics students perform more
expertlike tasks, e.g., by using qualitative problem solving
strategies to highlight the role of conceptual knowledge in
solving problems and constraining students to perform
expertlike problem solving by schema acquisition. Mestre
and collaborators [11-14] have also conducted research on
transfer of learning, including research on conceptual
understanding and transfer of learning via problem posing,
the role of knowledge coordination in the transfer process,
whether transfer is ubiquitous or rare, and developing a
framework for transfer of learning as sense making. Harper
[15] and Heller et al. [16—18] have investigated physics
students’ problem solving behaviors, advantages of co-
operative group problem solving in physics and faculty
beliefs and values about the teaching and learning of
problem solving. Meltzer [19] investigated the relation
between representational mode and physics problem solv-
ing and Mashood et al. [20] conducted large-scale studies
on the transferability of general problem solving skills.
Gladding ef al. [21] investigated student learning using
mastery style vs immediate feedback online activities and
Ding et al. [22] have used conceptual scaffolding to foster
effective problem solving in introductory physics.

Our group [23-30] has been involved in researching the
role of intuition in physics problem solving, evaluating
expertise of introductory physics students using isomorphic
problems, investigating challenges in using analogies to
help students develop problem solving skills, the effect of
scaffolding on helping students solve quantitative problems
involving strong alternative conceptions, and using iso-
morphic problem pairs to help students learn to transfer
their learning from one context to another. We have also
been involved [31-37] in investigating the role of asking
students to diagnose their mistakes by providing incentives
to learn from mistakes, using categorization of problems as
an instructional tool, challenges in designing appropriate
scaffolding to improve students’ representational consis-
tency, and developing interactive web-based tutorials to
develop expertise in introductory physics students.

Here we discuss an investigation in which a validated
survey was used to probe changes in calculus-based intro-
ductory physics students’ attitudes and approaches to prob-
lem solving from the beginning to the end of the course at
a large research university. Since evidence-based active
engagement pedagogies can impact students’ attitudes and
approaches to problem solving, we compared the changes in
students’ attitudes and approaches to problem solving in

courses employing these types of pedagogies with those
employing traditional lecture-based instruction. Moreover,
prior research suggests that female students in an introduc-
tory physics course on average have worse scores than male
students on broader physics epistemological surveys after
instruction [38]. We investigated whether gender trends are
similar or different for the survey focused only on attitudes
and approaches to problem solving when data in different
types of courses are analyzed separately for male and female
students. In addition, since investigation of the correlation
between male and female students’ attitudes and approaches
to problem solving and their actual physics performance
can be a valuable measure of students’ expertise and can be
helpful in developing pedagogical strategies to improve
student learning, we investigated it.

A. Expert vs novice problem solving

Physics experts, e.g., physics faculty members, organize
their physics knowledge hierarchically so that the under-
lying concepts are connected in a meaningful and struc-
tured way in schema and they generally exhibit positive
attitudes and employ effective approaches to scientific
problem solving [1-37]. Experts’ knowledge is structured
in well-organized schema and their positive attitudes and
effective approaches to problem solving can facilitate
desired problem solution [3-13,39—42]. By contrast, novi-
ces, e.g., many introductory students, do not possess a well-
organized knowledge structure and they view physics as a
collection of disconnected facts and equations, and often
have less expertlike attitudes and approaches to problem
solving. When asked to group together physics problems
based upon their solutions [3], physics experts often group
them based upon the deep features, e.g., the physics
principles involved while novices often group them based
upon the surface features (e.g., they often group all
inclined-plane problems together in one group and all
spring problems in another group even if different
inclined-plane problems are solved using different physics
principles).

An effective approach to physics problem solving
involves starting with a conceptual analysis of the problem
by contemplating on the information provided, reflecting
upon the goals, transforming the initial problem represen-
tation to another representation that makes the analysis
easier, e.g., by drawing a diagram and predicting some
features of the solution. After this initial stage of problem
solving, an expert generally plans the solution by dividing
the problem into subproblems and considering what phys-
ics principles and concepts may be applicable for each
subproblem. Drawing analogies with familiar situations
and considering limiting cases are expertlike problem
solving heuristics at the initial qualitative analysis and
planning stages of problem solving [23]. Generally, only
after these stages of problem solving does an expert
implement the plan and then reflects upon the problem
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solving process. The reflection phase of the problem
solving involves performing a reasonability check to ensure
that the answer makes sense (e.g., whether the units are
correct based upon the physical quantity calculated or the
speed of a car is not more than the speed of sound) and also
doing metacognition about the deep features of the problem
(e.g., why a particular principle of physics was useful in
this context and how one would recognize that the same
principle should be used in a future physics problem that
may have a different context). If the initial solution to a
problem is not reasonable, the expert problem solving
approach involves an iterative process and reflection on
where the error may have cropped up [23]. Physics experts
are likely to learn from their own mistakes and use
problem solving as an opportunity to repair and extend
their knowledge structure and not make the same mistake
again. Unfortunately, without explicit guidance and incen-
tive, many introductory physics students approach physics
problem solving in a haphazard manner. Many use a
“plug-and-chug” approach and look for physics formulas
even before conceptually analyzing the problem and
planning a solution, and after solving the problem, they
often skip the reasonability check. When correct solutions
are provided, they do not necessarily learn from their
mistakes [31,32].

However, in order to use problem solving to develop a
robust knowledge structure and become a physics expert,
students must learn to combine conceptual and quantitative
aspects of problem solving and regard physics principles
encapsulated in compact mathematical forms as relations
between physical quantities and reflect upon how those
fundamental principles are applicable in the situation posed
(instead of merely using them as a plug-and-chug tool to
obtain a solution without regard to the underlying concepts).
In particular, contrary to the plug-and-chug approach used
by many novice problem solvers, conceptual and quantita-
tive aspects of problem solving should be intertwined in
order to solve a physics problem effectively as well as to
learn from problem solving and using it to organize, extend,
and repair one’s knowledge structure. For example, one
has to analyze or apply physics principles appropriately to
solve a problem meaningfully at the conceptual analysis and
planning stages of problem solving regardless of whether
it is a problem involving a single principle of physics or a
problem requiring synthesis of several physics principles
[2,22,23]. Similarly, problem solvers who use an expertlike
approach to problem solving also make an explicit con-
nection between the conceptual and quantitative aspects of
the problem at the reflection stage of problem solving and
use this connection to extend and repair their knowledge
structure (if there was an error in their initial solution or if
they struggled to solve the problem). Employing these
effective problem solving heuristics consistently in diverse
situations can increasingly make the problem solvers adap-
tive experts in that they may become adept at applying

different physics principles and concepts to solve diverse
problems in unfamiliar situations. Prior studies suggest that
providing explicit guidance and/or incentives to use effective
problem solving strategies and learn from mistakes can help
students develop expertise in problem solving [31,32].

B. Evaluating growth among introductory physics
students along various dimensions using surveys
before (pre) and after (post) instruction

One can measure changes along various dimensions
from the beginning to the end of a course as a result of
instruction, e.g., growth in content knowledge, and/or
approaches to problem solving. Students’ epistemological
beliefs represents one dimension that can impact learning
in a particular discipline [38,43—46]. Several surveys have
been developed to evaluate both students’ attitudes about
physics and physics learning [38,44-48] as well as their
conceptual understanding of physics. Attitudinal surveys
that focus on students’ epistemological beliefs about
physics include the Maryland Physics Expectation
Survey (MPEX) and the Colorado Learning Attitudes
about Science Survey (CLASS) [38,46]. When these
attitudinal surveys have been administered at both the
beginning and end of a semester of instruction, the scores
typically show declines in students’ attitudes towards
physics and physics learning over the course of instruction
compared to what would be considered an expertlike
response [47]. This has been found to be true for both
male and female students, even when students could
correctly identify how their instructors would have
answered the survey questions [38].

The Attitudes toward Problem Solving Survey (APSS)
was developed with inspiration from the MPEX survey
with a focus only on attitudes about problem solving
[44,48]. The APSS reveals a similar decline in student
attitudes from the beginning to the end of the semester after
instruction to that found via the MPEX and CLASS
surveys, especially in large enrollment traditionally taught
classes [44]. Here we focus on the attitudes and approaches
to problem solving survey [49-52] which is a modified
version the APSS survey.

In addition to attitudinal surveys, several conceptual
surveys have been developed and validated to assess stu-
dents’ conceptual understanding. Conceptual surveys
include, among others, the Force Concept Inventory (FCI)
[53-57], which is usually given to first semester introductory
physics students learning mechanics, and the Conceptual
Survey of Electricity and Magnetism (CSEM) [58], which
is typically administered to second semester introductory
physics students learning electricity and magnetism.

The Force Concept Inventory (FCI) was developed to
assess students’ conceptual understanding of introductory
Newtonian mechanics [53-57]. The FCI has been admin-
istered to introductory physics students in various univer-
sities in the United States and elsewhere for decades.
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The Conceptual Survey of Electricity and Magnetism
(CSEM) was developed to assess students’ conceptual
understanding of introductory electricity and magnetism
topics broadly [58]. The CSEM is a particularly difficult
survey for introductory students, with typical scores being
lower than 50% [58] after instruction in relevant concepts.

C. Evidence-based active engagement
(EBAE) methods

Many introductory physics classes in the U.S. are taught
primarily in a lecture-based manner. Instruction in which
regular class time is primarily focused on the instructor
lecturing and the students taking notes is often referred to as
“traditional.” However, some physics faculty members
implement physics education research-based instructional
strategies (RBIS) in their teaching [59]. There is growing
awareness of RBIS among physics faculty, especially
among those full-time faculty who attend teaching-related
workshops and/or read teaching-related journals [60,61].
We refer to RBIS as “evidence-based active engagement”
(EBAE) methods. The EBAE methods may vary signifi-
cantly, but they share a common goal: facilitate an environ-
ment in which students take a more active role in their
learning using physics education research-based approaches
than is afforded by traditional approaches [62]. These EBAE
courses not only have the potential to impact introductory
physics students’ content knowledge and skills but also their
attitudes and approaches to problem solving.

Peer Instruction is an example of an EBAE method in
which in-class clicker questions along with student dis-
cussion are interspersed throughout instruction [63]. This
method has been shown to promote both conceptual
understanding and better problem solving skills, and
may also positively impact students’ attitudes about physics
and physics learning [63—65]. Another EBAE method that
has been associated with conceptual learning gains [66]
involves the use of interactive lecture demonstrations
(ILDs) in which students are asked to predict what will
happen before a demonstration is shown during class. After
the demonstration, the instructor leads a class discussion
guiding students to build a coherent knowledge structure of
the concepts involved. Collaborative group work involving
the use of context-rich problems is yet another example
of an active engagement method in the physics classroom
[16,17]. Use of context-rich problems in collaborative
group work has been associated with the development of
expertlike problem solving approaches [16,17]. Moreover,
“inverting” or “flipping” instruction is becoming increas-
ingly popular and provides an opportunity to move some
of the content which is normally covered in lectures to
assigned videos and/or tutorials outside of the class [67-69].
This allows more class time to be used for EBAE activities
(with students often working in small groups) that are
designed to reinforce the content presented outside of class
using videos, textbooks, and other resources [67].

D. Gender differences in introductory
physics performance

Prior research suggests that there is often an average
performance gap based upon the gender of the students who
take the FCI, with male students scoring higher, on average,
than female students [68,70-72]. The discrepancy between
male and female students’ performance is commonly
referred to as the “gender gap” [68,70-72] and has been
found even after controlling for factors such as different
prior preparation or coursework of male and female
students [71,72]. Like the FCI, male and female students
often perform differently on the CSEM, but the gender gap
is typically not as large for the CSEM as it is for the FCI
[57]. Moreover, findings are mixed as to the degree to
which the use of the EBAE methods impacts the gender gap
on conceptual surveys such as the FCI and CSEM. Some
prior research has found that using carefully designed
evidence-based pedagogies can reduce the gender gap on
standardized conceptual assessments [57], but other studies
suggest that a gender gap remains even when EBAE
methods are used [68,73-75].

The origin of the gender gap on the FCI both at the
beginning and end of a physics course has been a subject of
debate, raising questions about whether the test itself may
be gender biased [70]. Some of the origins of the gender
gap can be attributed to societal gender stereotypes [76,77]
that begin from an early age and cause stereotype threats for
female students. For example, research suggests that even
six year old boys and girls have gendered views about
intelligence in which they view boys as smarter [76]. Such
stereotypes can impact female students’ self-efficacy [78],
their beliefs about their ability to perform well in disci-
plines such as physics in which they are underrepresented
and which have been associated with “brilliance.”

E. Research focus and framework for
our investigation

Our research focused on examining the changes in the
student response to the attitudes and approaches to problem
solving (AAPS) survey from the beginning to the end of a
semester in introductory calculus-based physics courses at
a large state-related research university in the Unites States.
Furthermore, we investigated these changes for different
instructional approaches (EBAE vs traditional lecture-based)
and for female and male students separately. Moreover, we
investigated student performance on standardized conceptual
surveys or final exam and the correlation between student
performance on conceptual surveys or final exam and the
AAPS survey.

It is important to investigate how the attitudes and
approaches to problem solving using the AAPS survey
are impacted by whether primarily traditional lecture or
EBAE methods are employed. The overarching framework
that inspired the comparison of the instructional methods in
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this study is that the EBAE methods focused on a cognitive
approach to instructional design and building on students’
prior knowledge to facilitate learning and development of
a robust knowledge structure. In these EBAE methods,
there was an effort to align learning goals and objectives,
instructional design, and assessment of learning with each
other and there was a focus on evaluating whether the
pedagogical approaches employed have been successful in
meeting the goals and enhancing student learning. The
instructors using the EBAE approaches were employing the
cognitive apprenticeship model [79], which focuses on
“modeling,” “coaching and scaffolding,” and “weaning.”
In particular, providing opportunities to coach students
while they engage with problem solving and scaffold their
learning was a central aspect of the EBAE methods used in
our investigation. As noted in the introduction, problem
solving with functional understanding (as opposed to a
plug-and-chug approach) requires conceptual understand-
ing of the relevant physics concepts and principles. Also, a
solid conceptual understanding can reduce the cognitive
load [80] while solving problems. Moreover, since quizzes
and exams that were common in all of the courses primarily
involved problem solving in which students had to apply
and synthesize physics principles and concepts to solve
complex problems and less than 10% of assessments were
conceptual, even the EBAE courses focused primarily on
problem solving even though conceptual clicker questions
were used in such courses to varying degrees to strengthen
conceptual understanding. Since no prior research has
focused on the differences between student attitudes and
approaches to problem solving in these types of EBAE
courses compared to those with teaching focused primarily
using traditional lecture, we investigated it.

Moreover, prior research suggests that the way in which
physics is taught has been found to be connected to
students’ beliefs about physics [81]. Therefore, it is
important to explore whether attitudes and approaches to
problem solving in physics are likewise connected to the
method of instruction. While other attitudinal surveys have
investigated broader questions regarding epistemology and
beliefs about physics [38,46,47], and how these beliefs
may be related to methods of instruction [72], no study has
focused on the aspect of student perspectives related
specifically to attitudes and approaches to problem solving,
and whether or not the method of instruction is related
to these attitudes and approaches. Our hypothesis is that
EBAE instructional strategies that focus on helping stu-
dents develop effective problem solving skills may encour-
age better attitudes and approaches to problem solving.
We therefore investigated the impact of instruction on the
AAPS scores at the end of the semester.

Furthermore, the broader epistemological CLASS sur-
vey shows that female students overall score worse than
male students, but it would be beneficial to investigate
gender differences on the AAPS survey, which focuses

specifically on the attitudes and approaches to problem
solving [38]. In addition, prior research suggests that
female students in introductory physics courses for science
and engineering majors, on average, have lower self-
efficacy and intelligence mindset than male students even
after controlling for performance [82-90] and trends are
often similar for racial and ethnic minority students [91].
Also, activation of a stereotype, i.e., stereotype threat, about
a particular group in a test-taking situation can alter the
performance of that group in a way consistent with the
stereotype. Some researchers have argued [77] that female
students, when working on a physics test, undergo an
implicit stereotype threat due to the prevalent societal
stereotypes. However, no prior research has focused on
differences in attitudes and approaches to problem solving of
female and male students in introductory physics courses,
which may prove to be useful in improving the learning
environment for all students in introductory physics.

Furthermore, since investigation of correlation between
male and female students’ AAPS survey scores and their
actual performance on the conceptual assessment or final
exam in EBAE and traditionally taught courses can be a
valuable measure of students developing physics expertise
and can even be helpful in developing pedagogical
strategies to improve student learning, we investigated
it. As discussed in the introduction, since conceptual
understanding is important for solving quantitative prob-
lems with functional understanding (as opposed to when
using a plug and chug approach), correlation between
AAPS survey scores and both conceptual standardized test
and final exam performances were examined.

F. Research questions

Our research questions are as follows:

RQ1. How do the presurvey (i.e., before instruction in
relevant concepts) and postsurvey (i.e., after instruction in
relevant concepts) scores on the AAPS survey compare?
And how do those measures differ by course (i.e., Physics 1
and Physics 2)?

RQ2. How do the AAPS survey scores in physics 1
compare for EBAE vs traditional instruction without
separating students by gender and how do they compare
when male and female students are considered separately?

RQ3. How correlated are students” AAPS survey scores
in a given class with their conceptual survey (FCI or
CSEM) or final exam performance?

II. METHODOLOGY

A. Validation of the attitude and approaches
to problem solving survey

We employed a modified version of the APSS, the AAPS
survey, which was developed and validated to include
questions regarding the approaches students take when
solving physics problems [49-51]. The AAPS survey is
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unique in its focus compared with other broader attitudinal
survey because, like the APSS, it hones in specifically on
problem solving, but unlike the APSS, the AAPS survey
also probes approaches to problem solving in addition to
attitudes towards problem solving. The added dimension
of approaches to problem solving is important for assessing
growth in problem solving expertise. To investigate the
evolution of expertlike response, the AAPS survey was
validated based upon introductory student, graduate stu-
dent, and faculty responses [49]. Since physics experts,
e.g., physics faculty members, organize their physics
knowledge hierarchically with underlying concepts con-
nected in a meaningful and structured way, their attitudes
and approaches towards problem solving, as reflected by
their response to the AAPS survey, establish the criteria
for an expertlike response. By contrast, many introductory
students have less expertlike attitudes and approaches to
physics problem solving [49]. After initial validation
[49,50], the AAPS survey has been used to investigate
students’ attitudes and approaches to problem solving in
high school and university physics classes in Turkey and
South Africa [51,52]. However, the AAPS survey has not
been used to investigate changes in introductory physics
students’ attitudes towards problem solving before and
after instruction in an introductory physics course nor has it
been used to investigate gender differences or impact of
different methods of instruction.

We note that although the AAPS survey is a validated
survey, in the past, it has only been administered toward the
end of the course to introductory college physics students
and high school students [49-51]. Therefore, we conducted
audio-recorded interviews with seven students before they
took an introductory physics course to ensure that they
understood the survey questions as intended. The think-
aloud interviews involved asking each student to answer
each survey question while thinking aloud and explain their
reasoning. At the end, the interviewer asked further ques-
tions if the students did not make their thought processes
clear on their own. We found that all of the seven students
interpreted all of the survey questions appropriately and
there is no qualitative difference between these seven
students’ responses, who had not taken introductory physics
(at the most one or two weeks into an introductory physics
course), and the twelve students who were interviewed at the
end of an introductory physics course (to be discussed later).
Thus, the survey is valid to be administered to the intro-
ductory physics students in this investigation both at the
beginning and at the end of the course (we also note that a
majority of the students had taken at least one high school
introductory physics course before the college course).

Moreover, follow-up interviews were conducted with 12
introductory physics students in order to gather qualitative
data to complement the quantitative survey data. These
follow-up interviews were also conducted using a think-
aloud protocol with each interview lasting for approximately

1 hr. Similar to the interviews at the beginning of the
introductory physics course, during the interviews, students
first answered the AAPS survey questions along with
providing their reasoning for their answers on their own
before further questions were asked for clarification of
points not made clear. The interviewer then asked questions
regarding the way in which students perceived their classes
were taught and how they may have shaped their attitudes and
approaches to physics problem solving. Thus, these follow-up
interviews again served to more deeply probe the students’
reasoning behind their responses to the AAPS survey, and
to understand their experiences with different methods of
instruction. Including the 7 interviews at the beginning of the
course and 12 interviews at the end of the course, 11 female
and 8 male student volunteers were interviewed (this includes
4 female and 3 male students at the beginning and 7 female
and 5 male students at the end of the course).

We made use of the factors identified from a principal
component analysis in the original validation study, Ref. [49]
to analyze qualitative trends in interviews, e.g., male and
female students’ responses during the interviews on ques-
tions belonging to a particular factor, that will be investigated
in detail in future studies. These factors and the questions
(items) associated with each one can be seen in Table 1.
In particular, there were 9 factors identified from a principal
component analysis. Factor 1 involves questions related to
metacognition and enjoyment of physics problem solving.
Factor 2 involves questions about the use of drawing and
scratch work while problem solving. Factor 3 involves
questions about perception of problem solving approach.
Factor 4 involves questions that distinguish between general
expert-novice differences in problem solving. Factor 5
involves questions about solving problems symbolically.
Factor 6 involves questions about problem solving confi-
dence. Factor 7 involves questions about solving different
problems using the same principle. Factor 8 involves
questions related to sense making. Finally, Factor 9 involves
questions related to problem solving sophistication.

B. Courses and participants

After the matching was done to ensure that each student’s
responses included both the pre- and post-test data (we note
that when initial analysis was conducted without matching
students who took both the pre- and post-AAPS survey, no
significant differences were found), a total of 678 calculus-
based introductory physics students from 8 separate classes
from a large state-related research university participated in
this study. This group included 422 first semester students
(content was mainly mechanics) and 256 second semester
students (content was mainly electricity and magnetism).
Three sections of first semester physics were taught in a
traditional manner and three sections using EBAE methods.
The two sections of second semester physics were taught in a
traditional manner. With the exception of one section that
could have contained possible overlap, the concurrent timing
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TABLE 1. Principal component analysis results featuring 9
primary factors and description, reproduced from Mason [49].
Note that a given question can be classified into more than one
factor.

Factor (% of

variance
explained) Item Loading Description
Factor 1 (13) 13 0.77 Metacognition and
14 0.73 enjoyment in physics
7 0.70 problem solving
10 0.69
22 0.63
29 0.60
20 0.51
4 0.57
25 0.38
27 0.27
6 0.28
21 0.29
Factor 2 (8) 18 0.90  Utility of pictures, diagrams,
17 0.88 or scratch work in physics
15 0.75 problem solving
19 0.65
Factor 3 (6) 5 0.69  Perception of problem
11 0.68 solving approach
12 0.55
8 0.33
26 0.28
9 -0.28
Factor 4 (5) 8 0.76  General expert-novice
28 0.56 differences in physics
21 0.43 problem solving
24 0.43
29 0.30
Factor 5 (5) 31 0.84 Difficulty in solving
30 0.83 problems symbolically
Factor 6 (5) 1 0.75 Problem solving confidence
24 -0.71
23 0.50
6 0.30
Factor 7 (5) 33 0.88 Solving different problems
32 0.80 using the same principle
Factor 8 (4) 16 0.76 Sense making
2 —0.56
5 0.30
Factor 9 (3) 3 0.77  Problem solving
20 —0.35 sophistication
25 -0.32
9 0.29

of when the data were collected enforced that the second
semester students were different students from the first
semester students, but represented comparable cohorts of
students. Because the data were immediately de-identified, it

is not possible to know which students may have taken the
surveys both in the first and second semesters, but since this
overlap was possible only for one section, they would
represent a very small percentage of all participants. A
majority of students in all these courses are engineering,
physical science or mathematics majors and are typically in
their first year of college and had taken at least one physics
course in high school, although the content and quality of
these high school courses can vary greatly.

Traditional classes were operationally defined as classes
in which evidence-based active engagement methods were
used either very infrequently or not at all. The primary
method of instruction for classes defined as traditional was
the use of lectures by the course instructor for the majority
of instruction. Some classes defined as traditional included
limited use of group work, but this use was constrained to
recitations or labs run by teaching assistants and only
accounted for a small fraction of instructional time. The
EBAE classes were operationally defined as classes in
which active engagement methods were used frequently. In
most cases, this involved course instruction taking place
in a fully flipped manner [67,68]. In addition, one class
designated as EBAE was not fully flipped but involved a
significant amount of Peer Instruction, in which students
were frequently engaged with clicker questions and dis-
cussion throughout the duration of class time [63], and
included frequent group problem solving (at least once per
week). No instructor taught both types of classes (i.e., both
traditional and EBAE methods).

The average class size was 105 students (an average class
size for first semester physics was 86 students, and an average
class size for second semester physics was 158 students).
Students were free to register for whichever section (of the
many sections available) they preferred, and teaching rep-
utations and styles of the different instructors were generally
known in advance by the students, or were publicly available
online. A summary of the courses can be found in Table II,
along with the number of participants included in each
class. Because no significant difference was found in initial
analysis of unmatched participants, only those who took both
the pre- and postsurveys (i.e., “matched”) were included in
the full analysis. The average loss of student participants
due to the missing pre- or postsurvey data was 19%, which
includes losses from students who dropped, withdrew, were
absent for the pre- or postsurvey, or otherwise chose not to
participate in the post-test. Occasionally, some participants
were excluded from the matched sets because they added
the class late and did not take the presurvey. Because of the
many possible reasons for a student missing the pre- and/or
postsurvey, it is not possible to infer whether the loss from
unmatched to matched is associated with interest level in
participation in the surveys.

C. Data collection tools and artifacts

For the first semester physics classes, both the FCI and
the AAPS survey were administered twice—once near the
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TABLE II.

A summary of the descriptions of the manner in which each class was taught. We conducted the initial

analysis without matching students from pre to post and then performed matched data analysis by matching students
from pre to post. We found that the matched analysis was not statistically significantly different from the unmatched
analysis so we only discuss matched analysis here. Thus, the numbers listed for matched students (Nyjacheq) are for
students included in further analysis. Average loss of students from unmatched to matched in different classes was
19%, and includes losses due to students who dropped or withdrew from the class, were absent for the pre- or
postsurvey, e.g., due to adding the class late and missing the presurvey, or choosing not to complete the pre- or
postsurvey. The number of matched male and female students is also included. Note that sometimes gender was not
indicated by a student. In that case, provided the students had both pre- and postdata, they would have been included
in the overall analysis, but not included in the analysis of differences by gender. Thus N, . + Niemale May not

always equal Nyjyched-

Class Description Nyached  Nmae  Nremale Level
EBAE 1 Flipped classroom instruction 46 31 15 First semester
EBAE 2 Peer instruction or group problem solving 81 54 26 First semester
EBAE 3 Flipped classroom instruction 53 32 20 First semester
Traditional 1 Primarily lecture-based instruction 87 69 18 First semester
Traditional 2 Primarily lecture-based instruction 78 65 13 First semester
Traditional 3 Primarily lecture-based instruction 77 63 11 First semester
Traditional A Primarily lecture-based instruction 116 90 25 Second semester
Traditional B Primarily lecture-based instruction 140 105 33 Second semester

beginning of the semester (pre) and once near the end of the
semester (post). Similarly, in the second semester classes,
both the CSEM and AAPS survey were administered twice
(again, once near the beginning and once near the end of
the semester). In addition to the FCI and CSEM data, final
exam data were collected from all courses. The AAPS
survey can be found in the appendix of Ref. [49]. It consists
of 33 items (questions) on a five point likert scale spanning
“strongly agree,” ‘“agree,” ‘“neutral,” “disagree,” and
“strongly disagree.” For some questions, a favorable or
expertlike response to a survey question (based upon
faculty responses) is agree or strongly agree, while for
other questions a favorable or expertlike response may be
disagree or strongly disagree. In addition to the survey data,
information was gathered about the teaching methods used,
and gender of the students for all classes. We note that the
final exams for all physics I courses were common (and
similarly, all physics II courses were common) and regard-
less of the type of instruction, exams for all courses were
almost exclusively quantitative problem solving with one
or two conceptual questions worth 10% or less of the total
credit. Since the common final exam was heavily quanti-
tative, the focus in both traditional and EBAE courses was
primarily on helping students develop problem solving
skills. The conceptual questions were sometimes used in
EBAE classes as clicker questions, but the intent was for
students to understand the concepts in order to be able to
use them when solving problems.

D. Data collection and analysis methods

Students took the surveys either in lecture or in
recitation and were often offered a small amount of
bonus points as an incentive for completion. A “dummy”’
question was included on the survey for all but one class,

which was designed to allow the researchers to identify
surveys in which the students were not reading the
questions carefully, but simply marking down answers
randomly. This question asked students who were reading
the questions to indicate a specific choice on their bubble
sheets for that question. If that choice was not indicated,
the students’ survey results were not included in the data
analysis.

Once all data were collected, normalized scores (which
we will simply call scores) for each question were computed
by assigning a +1 to a favorable response (regardless of
whether it was strongly favorable or favorable), a -1 to an
unfavorable response (regardless of whether it was strongly
unfavorable or unfavorable), and a O to a neutral response.
This same convention was used in earlier analysis when the
AAPS survey was originally validated [49] and was adopted
here for consistency with the validation study. We computed
the average normalized score for each question based upon
the student responses of +1, 0, or -1, and then averaged these
values across all questions on the AAPS to arrive at an
average overall normalized score on the AAPS survey for
each class.

In our analysis, the AAPS survey data were compiled
and examined for changes in scores from pre to post
first without matching students (which includes all stu-
dents who took a pre- or postsurvey regardless of whether
they took both surveys) and then again for matched
students (which includes only those students who took
both the pre- and postsurvey). No significant differences
were observed with or without matching students.
Therefore, the remainder of the analysis was carried out
with matched sets, so that students with a missing
presurvey or postsurvey were excluded from the analysis
presented here.
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III. RESULTS

A. RQ1. How do the pre and post scores on the AAPS
survey compare? And how do those measures differ
by course (i.e., Physics 1 and Physics 2)?

To answer RQ1, we calculated effect sizes (Cohen’s d)
[92] to explore differences between the AAPS survey pre-
and postscores (see Table III). We find that, when each
section is considered separately, the overall average AAPS
survey scores exhibited decline from pre to post, consistent
with other types of attitudinal surveys (e.g., those focused
on general epistemological beliefs of students), for both
first semester and second semester physics instruction as
seen in Table IIl. The average AAPS survey pre- and
postscores were also calculated for both first and second
semester courses as shown in Table III. We find that when a
particular type of course is averaged, the difference
between the pre and postscores is statistically significant
only for the traditional courses (see Table III). Table III also
displays the small effect sizes for the declines. Moreover,
the presurvey scores were moderately correlated with the
postsurvey scores on the AAPS survey (with correlation
coefficient R ~ 0.5).

As can be seen in Table III, the AAPS survey average
scores were similar in the second semester compared with
the first semester. The second semester classes in this
investigation were all instructed in a traditional manner. We
find that the average pre AAPS survey scores were between
approximately 0.50 and 0.55 for both first and second
semester students, and post were between approximately
0.40 and 0.50 for both first and second semester students.
Although the majority of data from the second semester do
not include the same individual students as those in the first
semester of introductory physics, the cohorts of students in
the first semester are comparable to those in the second
semester. Some possibilities for comparable prescores for
the two semesters are that students’ attitudes may rebound
when they begin their second semester and/or those who

TABLE III. p values obtained via the ¢ tests comparing the
average pre- and post-AAPS survey scores, and effect sizes for
the decline in scores from the pre- to post-AAPS survey.

p value pre  Effect
Class Sem  Pre Post Vs post size
EBAE 1 1 0.555 0518 0.099 -0.16
EBAE 2 1 0.547  0.507 0.043 -0.21
EBAE 3 1 0.557  0.496 0.017 -0.28
Avg. EBAE 1 0.552  0.507 0.099 -0.12
Traditional 1 1 0.517  0.447 0.005 -0.39
Traditional 2 1 0.465 0.436 0.146 —-0.15
Traditional 3 1 0.497 0.423 <0.001 -0.34
Avg. Trad 1 0494 0.434 0.004 -0.17
Traditional A 2 0.508  0.402 <0.001 —-0.49
Traditional B 2 0.552 0.453 <0.001 -0.44
Avg. Trad 2 0532 0431 <0.001 -0.33

continue to the second semester have better attitudes at the
beginning of the course than those in classes taught
traditionally in the first semester. In particular, it is possible
that some students may not continue into the second
semester of physics and these students may be the ones
with less favorable attitudes. Yet another possibility is that,
since the second semester physics courses were all taught
in a traditional manner, students from first semester EBAE
courses who have more favorable average attitudes and
approaches (who continue into the second semester course)
could inflate the presurvey scores in the second semester
traditionally taught course. However, regardless of the
reason for the increase at the beginning of the second
semester (compared to the end of the first semester), by the
end of the second semester, the average score was similar to
that which was observed at the end of the first semester.

B. RQ2. How do AAPS survey scores in physics 1
compare for EBAE vs traditional instruction
without separating students by gender and how
do they compare when male and female students
are considered separately?

To answer RQ2, an ANCOVA [93] analysis was per-
formed and the results are discussed below.

EBAE vs traditional instruction: We find that, on
average, students in the EBAE classes scored higher than
those in the traditional classes on the AAPS survey before
instruction, as can be seen in Fig. 1. The difference in
presurvey scores between the traditional and EBAE classes
was statistically significant (p = 0.004) suggesting that on
average students who had a more positive attitude about
problem solving and/or EBAE methods may have chosen
instructors who use the EBAE method of instruction over
those who use traditional instruction when they enrolled
(although different sections of the course were not listed
in the physics course schedule as EBAE or traditional,
students had knowledge of which section of the course

0-65 7 -8 EBAE
0.60 ~ -9~ Traditional
S 0.55 4 -
3 ~=~-s
0.50 = S~
@ ()
g 0.45
0.40 ~
035 1 L
Pre Post
FIG. 1. Raw normalized data (i.e., without controlling for

presurvey scores) show the overall average scores for both the
pre- and post-AAPS survey in the calculus-based first semester
classes. The error bars represent standard error.
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FIG. 2. Controlling for the AAPS survey pretest score in first
semester classes for method of instruction, the AAPS post-test
scores for traditional classes is significantly lower than that of
EBAE classes [F(2,418) = 76.498, p < 0.001]. Error bars re-
present standard error.

would be taught by whom, and this information along with
each instructor’s teaching approach available online can
potentially be used to select a particular instructor).

To examine whether there are differences in the post-test
AAPS survey scores after controlling for the pretest scores
for the EBAE and traditional methods of instruction, we
performed an ANCOVA [93] in which the covariant is the
pretest scores, the dependent variable is the average AAPS
survey post-test score, and the independent variable is the
method of instruction (i.e., EBAE vs traditional). After
controlling for the pretest score for the different methods
of instruction, we find a statistically significant difference
in post-test score by method of instruction [F(2,418) =
76.498, p < 0.001] [93], with the average AAPS survey
postscore being higher for the EBAE classes. The adjusted
post-test scores, after controlling for the pretest scores
for the different methods of instruction, appears in Fig. 2.
In particular, the adjusted post-test score for traditional
classes, after controlling for the pretest score, is 0.467
with a 95% confidence interval of [0.439,0.495], and the
adjusted AAPS survey post-test score for EBAE classes,
after controlling for the pretest score, is 0.511 with a
95% confidence interval of [0.481,0.540] [93].

Interviews hint at the fact that students in the EBAE
classes may have more expertlike attitudes about factor 1
focusing on metacognition in problem solving after a
semester of instruction compared with their traditionally
taught peers. For example, one EBAE student who
answered favorably to the statement, “When I solve physics
problems, I always explicitly think about the concepts that
underlie the problem,” went on to emphasize how impor-
tant thinking about the concepts is to problem solving.
He stated, “I think you need to know those concepts to
understand what’s going on... I think the more conceptual
understanding that’s there, the better.” Further discussion

suggests that this EBAE student had an expertlike per-
spective on the importance of carefully thinking about the
concepts during problem solving and that his class activ-
ities reinforced these views. In interviews, some students
from classes instructed in an EBAE manner verbalized their
reasoning regarding the questions categorized into factor 4
that demonstrated expertlike attitudes and approaches to
problem solving (this factor includes awareness of more
than one way to solve a problem, applying the same
principle to different contexts, and perseverance in problem
solving). For example, regarding the statement “After I
have solved several physics problems in which the same
principle is applied in different contexts, I should be able to
apply the same principle in other situations,” one student
from an EBAE class stated, “We did force and Newton’s
laws, and then we kind of apply those same principles now,
so it’s the same way of going about the problem.” Further
discussions suggest that this student in the EBAE course
felt that his course and solving problems in small groups
helped him discern the connections between problems
solved earlier in the course and the problems he encoun-
tered later, in terms of how the same principles apply,
suggesting a more expertlike attitude about underlying
principles when solving problems. These qualitative find-
ings from interviews will be investigated in detail in the
future.

Gender differences: When we separated our data by
gender and analyzed the responses, we find that unlike
gender differences in content-based surveys discussed ear-
lier, there is often a gender gap in which female students’
scores on the AAPS survey are higher than those of male
students [56,57]. Not only were average AAPS survey
scores for female students often higher than those for male
students, they also remained higher at the end of instruction.
Figures 3—6 show that female students exhibited less of a
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% 0.55 - -©- EBAEM
8 0.50 -~ EBAEF
o
g 0.45 -
0.40 -
035 T L]
Q& Qo%\
FIG. 3. Raw normalized data (i.e., without controlling for

prescores) show the first semester average AAPS scores by
gender and method of instruction. Average male scores (M) are
indicated by squares for traditional male students (total number
n = 197) and open circles for EBAE male students (n = 118).
Average female scores (F) are indicated by diamonds for tradi-
tional female students (n = 42) and closed circles for EBAE
female students (n = 61). Error bars represent standard error.

020129-10



IMPACT OF TRADITIONAL OR EVIDENCE-BASED ...

PHYS. REV. PHYS. EDUC. RES. 15, 020129 (2019)

e
(<]
1

e
(3,
1

AAPS Post Score
(controlling for pre)

=4
N
1

FIG. 4. After controlling for the pretest scores by both gender
and method of instruction in first semester classes, there is a
statistically significant difference in post-test score by gender
with female students scoring significantly higher than male
students and by method of instruction with students in the EBAE
courses scoring significantly higher than those in traditionally
taught classes [F(3,413) = 54.575, p < 0.001]. We note that
there was no interaction between gender and method of instruc-
tion (p = 0.782). Error bars represent standard error.

decline on the AAPS survey pre to post compared to male
students regardless of whether they were instructed tradi-
tionally or with EBAE methods. Since the decline among
female students was negligible in the first semester, this
suggests that the overall decline on the AAPS survey in the
course was mainly driven by the male students because male
students outnumbered female students (as can be see in
Table II).

To examine whether there are differences in the post-test
AAPS survey scores after controlling for the pretest scores
for both gender and method of instruction, we performed
an ANCOVA [93] in which the covariant is the pretest
scores, the dependent variable is the average AAPS survey
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FIG. 5. Raw normalized data (i.e., without controlling for

prescores) show the second semester AAPS survey scores by

gender. Average male scores (M) are indicated by squares

(n =195) and average female scores (F) are indicated by

diamonds (n = 58). Error bars represent standard error.
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FIG. 6. After controlling for the AAPS survey pretest score in
second semester classes for gender, there are statistically signifi-
cant differences in AAPS survey post-test scores with female
students outperforming male students [F(2,250) = 59.867,
p < 0.001]. Error bars represent standard error.

post-test score, and the independent variables are method
of instruction and gender. In particular, controlling for the
pretest scores by both gender and method of instruction in
first semester classes, we find that there is a statistically
significant difference in post-test score by gender with
female students scoring significantly higher than male
students and by method of instruction with students in
the EBAE courses scoring significantly higher than those
in traditionally taught classes [F(3,413) = 54.575,
p < 0.001]. We note that there was no interaction between
gender and method of instruction (p = 0.782). The
adjusted post-test scores for the first semester classes, after
controlling for the pretest scores, appear in Fig. 4. We note
that after controlling for pretest score by gender and
method of instruction, the adjusted average AAPS survey
post-test score for male students in traditional classes is
0.442 with a 95% confidence interval of [0.415,0.469], the
adjusted AAPS survey post-test score for female students in
traditional classes is 0.496 with a 95% confidence interval
of [0.438,0.555], the adjusted AAPS survey post-test score
for male students in the EBAE classes is 0.489 with a
95% confidence interval of [0.454,0.524], and the adjusted
AAPS survey post-test score for female students in the
EBAE classes is 0.531 with a 95% confidence interval of
[0.482,0.579] [93].

However unlike first semester classes, female students’
attitudes and approaches to problem solving measured
by the AAPS survey appear to decline more in second
semester classes (see Fig. 5). Nevertheless, when pretest
scores are controlled for gender, there are statistically
significant differences by gender in the second semester
classes, with female students outperforming male students
[F(2,250) = 59.867, p < 0.001] [93]. The adjusted post-
test scores for first semester classes, after controlling the
pretest score for gender appear in Fig. 6. In particular, after
controlling the pretest score for the gender of students, the
adjusted AAPS survey post-test score for male students in
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the second semester is 0.414 with a 95% confidence
interval of [0.386, 0.442], while the adjusted AAPS survey
post-test score for female students in the second semester is
0.483 with a 95% confidence interval of [0.431,0.534] [93].

Interviews revealed further gender differences in atti-
tudes and approaches to problem solving, particularly when
it came to working with other students. Female students
who were interviewed often reported feeling less comfort-
able and/or confident when working with male peers;
whereas all interviewed male students reported feeling
comfortable with either gender. Some reasons female
students felt less comfortable working with male peers
were revealed in interviews. For example, one female
student reported that she feels discouraged when she works
with male peers, stating: “It’s usually guys that say you're
totally wrong, but they don’t always know themselves, so |
think it’s unfortunate that their first response is to say that.”
Conveying a similar sentiment, another female student
described her interactions with male peers in the class as
follows, “I feel like the majority of the time, if a guy knows
how to do a physics problem he will let you know he knows
how to do a physics problem.” This female student
emphasized that she observes that male students confi-
dently assert what they know. Another female student
explained that she felt intimidated by working with male
students, stating: “I think I go to females first. I think I get
more intimidated if I ask a guy because I think they’re a lot
more condescending about it and I don’t like it.” Further
discussions suggest that many female students felt that their
male peers may sometimes be dominant and/or overconfi-
dent, particularly in their interactions with female students
and such interactions made them less sure about themselves
so they would rather not interact with them if they can
avoid it.

Moreover, hints of higher level of confidence came
through in some interviews with male students. For
example, one male student described his approach to
learning from problem solving as ‘“the best approach”
stating “start with simple problems and then work your
way up but if you really want to understand a physics
concept you should be doing the hard problems and you
will understand it deeper.” Further discussions suggest that
he had a high level of confidence that his approach was
better than others’. In contrast, a female student who
described a somewhat similar approach did not claim that
it was the best approach and stated, “...if you have a bunch
of easy problems, it’s not going to help you in the long run
in a similar scenario because you won’t have been able to
work out the harder problem.” Another male student, when
discussing whether he would trace back his work for
mistakes stated that he does not generally do it because,
“It’s really hard to find mistakes because it’s my work.
To me it looks perfect.” In general, male students inter-
viewed were more confident and sometimes explicitly
labeled their approaches to problem solving as the “best”

or their problem solution as “looking perfect” to them,
something that none of the interviewed women ever
mentioned. In fact, female students who were interviewed
never spoke with such high levels of confidence about
physics problem solving and they often harbored doubts
about themselves. For example, one female student, while
discussing the use of gut feeling and intuition in physics
problem solving said, “My gut is always wrong about
everything.” This female student further noted that she
never uses her intuition since it is always wrong. Another
female student also noted that she did not feel confident
using her gut feeling “because my gut differs from the rules
I've been taught.” The same female student noted that she
prefers to follow rules in physics problem solving rather
than follow her gut feeling. She also reflected upon her
feelings when solving challenging physics problems stat-
ing: “They can make you feel defeated or they can make
you feel really proud of yourself.” However, she noted that
she found solving challenging problems to be stressful
because she was not sure that she would be able to solve
them correctly. Another female student, discussing the role
of making approximations in physics, said that she was
always worried about whether it was appropriate to make a
certain approximation in a given case stating ““...you can’t
assume everything because while a lot of physics is what
happens around you, a lot is unseen. Like when I draw free
body diagrams-it would often trip me up because you want
to assume the simpler case but you can’t always...”
Overall, while AAPS survey scores are higher for female
students suggesting better attitudes and approaches to
problem solving, interviewed female students, in general,
expressed lower levels of confidence while solving physics
problems compared to the male students.

One hypothesis is that the apparent difference in con-
fidence level based upon gender observed in the interviews
may be connected to the way in which male and female
students responded to questions on the AAPS related to
approaches to problem solving. In particular, it is possible
that the lower confidence levels of female students could
motivate them to use more careful and conscientious
problem solving practices. For example, interviewed
female students often reported the consistent and frequent
use of scratch work and drawings as a tool for helping them
carefully sort out how to solve a problem (factor 2). One
female student described drawing a picture or diagram for
each and every problem to make sure she was on the right
track, stating “Even if every picture looks the same, I just
have to draw it.” Another female student describing her use
of scratch work stated, “I need something to keep my mind
in one place. If I don’t draw and try to free-think it, I will
overcomplicate it.” This female student further added that
drawing and scratch work helps her carefully organize her
thought processes in order to increase the probability of
success in physics problem solving. In interviews, doing
scratch work and drawing diagram are two very tangible
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examples that female students emphasized resorting to
during physics problem solving much more than male
students regardless of whether the problem was a multiple-
choice problem or open-ended problem and valuing of
these effective strategies potentially hints at more careful
problem-solving practices among many female students. In
particular, interviewed male students were less likely to
emphasize the importance of consistent use of drawings
and scratch work in physics problem solving, especially for
multiple-choice problems. For example, in an interview,
one male student said that he does not focus much on
scratch work or diagram in solving multiple-choice prob-
lems since there was no credit associated with the process
of showing the work. He added, “My work is always
scattered around...if it’s multiple choice.” On the other
hand, most interviewed female students indicated that they
would even do scratch work or drawings for multiple
choice questions. For example, one female student in an
interview explained, “I like to do scratch work no matter
what...I’ll always draw a picture, because even for multiple
choice it’s just as important because it helps yield a correct
answer.” Similarly, another female student stated, “Scratch
work is always helpful... It can help you understand what’s
going on.” Other female students interviewed were also
more likely to indicate than male students who were
interviewed that scratch work and drawing are crucial in
solving a physics problem.

Other hints of valuing of more careful problem solving
approaches on the part of female students were found in
interview responses which often conveyed a more reflective
overall approach. One female student described how her
process of solving problems often starts: ““...my method of
answering physics problems—what are they asking me
about?” This student further described how she carefully
reflects on what the problem is asking her before proceeding
and always draws diagrams as appropriate. Another female
student described reflecting upon different approaches and
reconciling any inconsistencies stating, “If two equations
give me two different answers, it will drive me crazy until I
figure out which one is wrong.” This female student further
expressed that in her opinion it is extremely important to
reflect upon the different approaches used to solve a problem
to understand which one is correct. When thinking about the
correctness of her answers, another female student recalled
an example when, “I got a really small acceleration that
made me think, that’s not possible,” and how it was very
important for her to spend time figuring out what went
wrong. Another female student who had earlier described
her frequent use of drawings stated, “I always check my
work and see if my picture makes sense and if I made a
mistake there.” These female students suggested that part of
their problem solving strategy was to reflect upon the
soundness of their approaches and answers. In addition,
more than male students, interviewed female students often
discussed at length the importance of reflecting on real life

applications of physics in order to solidify concepts. For
example, one female student said, “Physics is about the
world around you. You aren’t just doing numbers; You're
comparing it to a real life scenario.” Another female student
enthusiastically stated, “It’s so nerdy but I'll come out of
lecture and I'll see a leaf falling and think about the physics.
I can’t see people run without thinking, ‘I wonder how fast
they’re going,” or a frisbee being thrown and think ‘I wonder
what angle that was thrown at’.”” Further discussions suggest
that these real-life connections were very important part of

learning physics for her.

C. RQ3. How correlated are students’ AAPS survey
scores in a given class with their conceptual survey
(FCI or CSEM) or final exam performance?

To answer RQ3, the correlation coefficients between the
AAPS survey scores and the FCI, CSEM, or final exam
performance were calculated for male and female students
in both the EBAE and traditionally taught courses.
However, before examining possible correlation between
AAPS survey score and conceptual survey or final exam
performance, it is helpful to first put the conceptual survey
and final exam scores into perspective.

As seen in Figs. 7 and 8, the FCI and CSEM performances
were similar to typical values in other studies at other
institutions [38,46,47,56,68]. However, the normalized gain
for the FCI was statistically significantly higher (p = 0.033,
d =0.169) for EBAE classes compared with traditional
classes. The FCI scores exhibited a gender gap which was
present in both EBAE and traditional classes. For tradition-
ally instructed first semester students, the gender gap was
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FIG. 7. Average FCI scores by gender and type of instruction.

Average male student scores (M) are indicated by squares for
traditionally taught male students (total number n = 197) and
open circles for the EBAE male students (n = 118). Average
female student scores (F) are indicated by diamonds for tradi-
tionally taught female students (n = 42) and closed circles for
EBAE female students (n = 61). A gender gap that is significant
is seen for both the traditional instruction and the EBAE
instruction. Normalized gain for female students in EBAE classes
compared with female students in traditional classes is sta-
tistically significant (p < 0.001).
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FIG. 8. Second semester (traditional instruction) average

CSEM scores show a gender gap which is not initially statistically
significant (p = 0.060) in presurvey scores but becomes sta-
tistically significant in postsurvey scores (p = 0.017). The total
number n = 195 for male students (M) and n = 58 for female
students (F).

statistically significant, of large effect size (p < 0.001,
d = 0.86) for the average presurvey score and statistically
significant, of large effect size (p < 0.001, d = 0.98) for the
average post survey scores. Similarly, for first semester
students who received EBAE methods of instruction, the gap
was statistically significant, of large effect size for average
presurvey scores (p < 0.001, d = 0.93), but dropped to
medium effect size for postsurvey scores (p < 0.001,
d = 0.64). The gap did not decrease or increase statistically
for either EBAE classes or traditionally taught classes, based
upon comparison of male and female students’ normalized
gain. However, the difference in normalized gain for female
students in EBAE classes compared to female students in
traditionally taught classes was statistically significant, of
medium effect size (p < 0.001, d = 0.63). This suggests
that female students may have gained more conceptual
understanding in EBAE classes compared with traditional
classes in their first semester of instruction. For second
semester students, there was a gender gap in CSEM
performance that was not statistically significant for pretest
scores (p = 0.060), but was statistically significant in the
post-test scores, of small effect size (p = 0.017, d = 0.30).
There was no statistically significant change in the gender
gap based on comparison of normalized gain for male vs
female students in the second semester course.

When the final exam scores were examined for
differences by method of instruction for first semester
classes, we find that there is a statistically significant
difference in the final exam scores based upon the method
of instruction. It is important to note that the final exams
for all sections were common regardless of the type of
instruction, so that the final exam performance can be
appropriately compared. The EBAE classes scored an
average of 70% on the final exam, which was significantly

higher, of small effect size (p < 0.001, d = 0.43) than the
average score in traditional classes, which was 62%. On the
other hand, no statistically significant difference was found
in final exam score by gender in first semester classes,
either in EBAE classes (p = 0.166) or traditional classes
(p = 0.207). Likewise, there was no statistically significant
difference by gender in second semester classes (average
score was 60%, p = 0.415). These findings agree with
previous studies that have shown small or no gender
difference in final exam scores, even when there is a
gender gap on conceptual survey performance [72,94].

When we examined the final exam and FCI or CSEM
scores for possible correlation with the AAPS survey
scores, we find that the overall AAPS survey scores and
FCI or CSEM scores were not well correlated. All sections
have correlation coefficients of R < 0.30 when considering
all students.

However, some small to medium correlations were found
when separating the data by gender in first semester classes
as can be seen in Table IV (for second semester classes the
correlations by gender were weaker). In particular, perfor-
mance on the FCI post-test and on final exams is correlated
with the AAPS survey post-test performance for female
students in EBAE classes with a medium correlation
coefficient (R = 0.40-0.46). Also, as seen in Table IV,
the final exam performance for female students in first
semester traditional classes is correlated with the AAPS
survey post-test score with medium correlation coefficient
(R = 0.48). Table IV suggests that the performance on
content is more correlated with AAPS scores for female
students. One hypothesis for why in Table IV, for female
students, the correlation coefficient between the FCI and
AAPS (0.21) is lower than the correlation coefficient
between the final exam and AAPS (0.48) in the traditional
courses but these correlation coefficients are comparable
(0.40 and 0.46) in the EBAE courses is that in EBAE
courses there was more emphasis on conceptual under-
standing and using it to solve problems (as opposed to in
the traditional courses in which conceptual understanding
is generally underemphasized).

In addition, since we saw a correlation in the first
semester classes by gender, we did a post hoc analysis

TABLE IV. Correlation coefficients (R) for the AAPS survey
scores and final exam or FCI scores for different types of courses
in first semester classes, broken down by gender. R > 0.3 appears
in boldface.

R for AAPS R for AAPS

post and post and
Class Gender  FCI post final
Traditional 1st semester M 0.24 0.22
Traditional 1st semester F 0.21 0.48
EBAE 1st semester M 0.13 0.11
EBAE 1st semester F 0.40 0.46
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TABLE V. Correlation coefficients (R) for post-test scores for
the AAPS survey question 16 (which asks whether students use
physics principles or “gut” feeling when answering conceptual
questions) and the FCI for different types of courses in first
semester classes. R > 0.3 appears in boldface.

R for AAPS question

Class Gender 16 and FCI post
Traditional 1st semester M 0.06
Traditional 1st semester F 0.27
EBAE 1st semester M 0.02
EBAE 1st semester F 0.47

of the correlation between question 16 on the AAPS survey
and FCI scores in first semester classes. This question
(question 16) states: “When answering conceptual physics
questions, I mostly use my ‘gut’ feeling rather than using
the physics principles I usually think about when solving
quantitative problems.” A favorable response would be to
disagree with this statement. One motivation to explore this
particular question for possible correlation with the FCI
scores was that there appear to be possible differences via
response to this AAPS question by method of instruction.
When correlation was examined for this question with FCI
score, it was found that there was a small positive
correlation for female students between their score on this
question in the post-test and their overall post-test FCI
score. In particular, for female students in traditionally
taught classes, the correlation coefficient was found to be
R = 0.27, and for female students in EBAE classes, the
correlation coefficient was found to be R = 0.47. These
correlation coefficients are summarized in Table V. The
higher correlation between question 16 response and
performance on conceptual survey performance, particu-
larly for female students, is interesting and will be explored
further in future investigations.

IV. DISCUSSION

A. Findings regarding EBAE compared
to traditional instruction

Our findings suggest that after controlling for the pretest
scores for method of instruction, EBAE students’ attitudes
and approaches to problem solving remain more favorable
at the end of a semester of instruction, as compared to
traditionally taught students. Even though the EBAE
classes started out with higher scores on their AAPS
presurvey, the decline they exhibited from the pre- to
postsurvey in EBAE classes was found to be statistically
significantly lower than the decline in similar traditional
classes.

Furthermore, we note that some students may be “self-
selecting” by enrolling into sections taught by instructors
who use EBAE methods. In particular, instructors who
teach the EBAE classes may be attracting students who

may have more positive attitudes towards problem solving
compared with students who enroll in traditionally taught
classes, as evidenced by the small but statistically signifi-
cant difference in presurvey scores on the AAPS survey,
favoring EBAE students. Better understanding of the
reasons for such an offset, and uncovering whether or
not other universities observe a similar trend in their large
enrollment introductory physics courses (in which several
sections of the same course are taught simultaneously)
would be an interesting future research avenue to pursue. In
addition, our findings provide some evidence that EBAE
instruction may be beneficial for students in learning
physics concepts, since both the FCI normalized gain
and the final exam scores were statistically significantly
higher for the EBAE classes compared with traditionally
taught classes.

B. Findings related to gender

Our findings indicate that the post AAPS survey scores
were higher and more consistent from the beginning to the
end of the semester for female students than for male
students. Female students exhibited almost no decline in
the AAPS survey score from pre- to postsurvey in first
semester physics and less of a decline than male students in
second semester physics. Moreover, correcting for pretest
scores, significant differences in the AAPS survey post-test
scores were found by gender, as seen in Fig. 4. Indeed, it
appears that male students, who outnumber female students
significantly, are driving the overall decline in AAPS
survey scores from the pre- to postsurvey. This is somewhat
unlike other attitudinal surveys (e.g., those focused on
epistemological beliefs about physics) in which female
students, on average, show more (or at least as much) of a
decline in scores from pre- to postsurvey [38,47]. Because
the AAPS survey incorporates questions related to attitudes
and approaches to problem solving, not just epistemologi-
cal beliefs of students about physics and physics learning
like other surveys, it is possible that female students may
be answering these questions (particularly those related to
approaches to problem solving) differently than questions
in previous surveys. The factor related to diagrams and
scratch work is an example of a cluster on which inter-
viewed female students in general tended to provide
qualitatively different responses. Future investigation would
probe this trend further.

C. Connections between gender, attitude,
and performance

Our findings suggest that female introductory physics
students, on average, have attitudes and approaches to
problem solving that are more expertlike than their male
peers, especially at the end of the course. Moreover, female
students’ attitudes and approaches do not suffer the same
decline that male students’ do. These findings are novel and
different from those found using broad epistemological
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surveys. They suggest that instructional design should
incorporate strategies to take advantage of female students’
positive attitudes and approaches when it comes to solving
physics problems and their persistence in maintaining more
expertlike attitudes and approaches from the beginning to
the end of the semester.

Yet it is equally well known that women are significantly
underrepresented in calculus-based introductory physics
courses discussed here and in physics overall. Introductory
physics classes give students their first experience with
physics, and could open doors to further pursuit of physics.
Although gender gaps, in which female students’ perfor-
mance lags behind that of male students, are known to exist
in tests of conceptual knowledge and/or problem solving,
the correlations we have found among female students
between their attitude and approach to problem solving and
scores on conceptual surveys and exams suggest a possible
path forward. If female students’ attitudes and approaches
to problem solving show promise, as we have found, we
may be able to take advantage of this finding to support
their learning in introductory physics classes.

Also, the fact that attitudes and approaches to problem
solving appear to have higher correlation to conceptual
and/or final exam performance for female students may
suggest the possibility that female students’ performance
may benefit more from improved attitudes and approaches
to physics problem solving. One hypothesis is that the
higher correlation between attitudes and approaches to
problem solving and their actual performance for female
students may in part be related to the implicit stereotype
threat [95-97] they experience simply by being in a physics
class in which they are severely underrepresented. In
particular, since stereotype threat can consume some cog-
nitive resources from the limited capacity of working
memory for female students, it can leave them with fewer
cognitive resources available for tasks related to physics
problem solving. However, more expertlike attitudes and
approaches to problem solving may aid in keeping cognitive
load [80] under check despite the stereotype threat that many
female students automatically experience in physics problem
solving [77]. Thus, more expertlike attitudes and approaches
to problem solving may be better correlated with their
physics performance than for male students. Furthermore,
this possible explanation suggests that the gender perfor-
mance gap may be reduced by encouraging favorable
attitudes and approaches towards problem solving for all
students including female students (whose AAPS scores are
more correlated with physics performance).

In addition to a higher correlation between attitude and
approach to problem solving and conceptual performance,
we also found that with regard to approaches to problem
solving, female students valued engaging in the use of
drawings and scratch work more than male students. We
hypothesize that these findings may be related. In particu-
lar, it may be possible to take advantage of the fact that

more than male students, female students were found to
value drawings and scratch work while solving physics
problems to promote conceptual understanding. For exam-
ple, one interviewed female student explained why she
draws diagrams whenever possible as follows: “I tend to
draw a picture or diagram to help me visualize and
understand conceptually what is going on.” She added
that this step is very important for her to interpret the
physics problems appropriately. Responses from female
students such as these suggest a possible strategy that may
support learning physics is to leverage their better attitudes
and approaches to problem solving using pedagogical
interventions and this could even serve to reduce the
gender performance gap that is often seen in conceptual
surveys discussed earlier. This hypothesis will be tested in
future investigations.

Moreover, at least part of the success of these EBAE
methods, particularly for female students, may lie in the
extent to which instructors address their sense of belonging,
self-efficacy and mindset [98-100] in a physics class in
which they are often underrepresented [68,83-90]. Although
we did not investigate these issues, interviews suggested
that female students may sometimes feel less comfortable
working with male students in an EBAE class. These issues
may be related to the fact that the self-efficacy and sense
of belonging of female students in a physics class in which
they are outnumbered by male students can be negatively
impacted by such interactions in the EBAE courses if these
motivational issues are not accounted for explicitly in the
design of the EBAE courses.

If female students’ sense of belonging, self-efficacy, and
mindset can be positively impacted through course design
and/or the use of mindset interventions [98—100], then it
may be possible to powerfully leverage the positive
attitudes and approaches of the female students to improve
learning.

An encouraging theme that arose in interviews was the
tendency of many female students to express what appeared
to be expertlike sense making practices. For example, one
interviewed female student stated that while solving physics
problems, “It’s very important to be able to see [visualize] it
and understand it. It’s not just numbers or it would be a math
class... equations are not things you should memorize for
convenience. They should mean something.” This student
further described the importance of a deliberate effort to
make sense of what was going on in the given problem,
emphasizing that physics is not simply equations devoid of
meaning. Another female student said that “If I don’t think
about the concepts, then the math doesn’t make sense to me”
and went on to describe her systematic sense making
approach as a way to solve challenging physics problems.
Sentiments such as these suggest that one fruitful path to
explore in future research is whether women in these types
of calculus-based introductory physics courses are more
engaged in sense making than their male counterparts, on
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average, while solving physics problems. These hypotheses
will be investigated in the future.

V. SUMMARY

We investigated the impact of instruction on attitudes and
approaches to problem solving as measured by the AAPS
survey administered both at the beginning and end of
semester long introductory physics courses at a large
research university in the United States. We also compared
the AAPS survey scores based upon method of instruction
and gender of students, and examined data for correlations
between the AAPS survey scores and performance on
conceptual surveys (FCI and CSEM) or final exams.
Moreover, after controlling for the pretest scores by method
of instruction, the use of evidence-based active engagement
methods had a positive impact on student attitudes and
approaches to problem solving. Furthermore, there was a
decline in students’ scores on the AAPS survey from the
beginning to the end of the semester, but female students
generally showed less decline than male students. In addi-
tion, controlling for the AAPS pretest scores, the AAPS post-
test scores were statistically significantly higher for female
students compared to make students for both types of
instruction (EBAE or traditional lecture-based). The corre-
lation between the AAPS survey scores and performance on
conceptual surveys or final exams appeared stronger for
female students compared with male students, especially in
the EBAE courses. Similarly, correlations were higher for
individual AAPS survey questions analyzed and FCI score
for female students than for male students. Finally, although
data are not presented here, we found that students at a
different large research university exhibited similar scores on
the AAPS survey in similar types of classes. Thus, these
findings are likely to be generalizable at least to other large
research universities.

VI. IMPLICATIONS

These findings can be useful for instructors concerned
with the type of instructional method that may promote
favorable attitudes and approaches to physics problem
solving among their students. In addition, those concerned
with the under-representation of women in physics may
find these findings illuminating and take advantage of them
in their instructional design, given the promising responses
that female students provide on the AAPS survey. For
example, since our findings suggest that students in the
EBAE courses had better attitudes and approaches to
problem solving as well as better physics scores, instructors
should employ EBAE approaches in their courses. Equally
importantly, since compared to male students, female
students had significantly better attitudes and approaches
to problem solving at the end of the course and female
students’ AAPS scores were correlated with their scores on

FCI and also correlated with their final exam scores in the
EBAE courses, use of pedagogies that promote effective
attitudes and approaches to problem solving has the
potential to bridge the gender performance gap. Many
prior investigations [1-37] have focused on strategies to
improve students’ approaches to physics problem solving
by providing different types of scaffolding support and
incentives. However, these studies have not explicitly
focused on how these pedagogies striving to improve
students’ approaches to problem solving impacted male
and female students’ attitudes and approaches and whether
the gender gap in performance was reduced using these
pedagogies focusing explicitly on effective approaches to
problem solving. One hypothesis for why more expertlike
attitudes and approaches to problem solving may be better
correlated with the physics performance for female students
and instruction promoting and incentivizing effective prob-
lem solving strategies throughout their courses has the
potential to reduce the gender performance gap is that many
female students are likely to be victims of stereotype threat
in physics courses due to societal biases. The stereotype
threat can consume some of their limited cognitive resour-
ces while solving physics problems. However, effective
approaches to problem solving, e.g., performing a con-
ceptual analysis of the problem and drawing a diagram,
writing knowns and unknowns, and decomposing the
problem into subproblem can distribute the cognition
[101] between a student’s working memory and whatever
the student writes as part of the systematic solution.
Therefore, sufficient cognitive resources are more likely
to be available for metacognition at a given time during
problem solving despite the fact that some cognitive
resources are taken up by the stereotype threat. Also, if
female students’ valuing of sense making found in this
research during interviews can be leveraged by instructors
to help them engage deeply in sense making when solving
physics problems (in a supportive environment which does
not cause increased anxiety), it may be possible to improve
their learning significantly.
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