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We examined how introductory physics students’ attitudes and approaches to problem solving compare to
those of introductory astronomy students’, using a previously validated survey, the Attitudes and Approaches
to Problem Solving (AAPS) survey. In addition, we compared the performance of the introductory physics and
astronomy students on the factors which were identified in a factor analysis in the original validation study.
We found that introductory astronomy students’ overall average AAPS score was significantly more favorable
than that of introductory physics students (p < 0.01), and the effect size was large (Cohen’s d = 0.81). We
also found that introductory astronomy students’ scores were more favorable in all clusters of questions except
for one. We also found that introductory physics and astronomy students were equally capable of solving two
isomorphic problems posed to them, and that the majority of introductory physics and introductory astronomy
students reported that the problem posed in the astronomy context was more interesting to them. Interviews
suggest that the context of astronomy in problem solving may be more interesting for students and could be one
possible explanation for the more favorable AAPS scores amongst introductory astronomy students.

I. INTRODUCTION

Differences between introductory physics and introduc-
tory astronomy classes and students: A typical calculus-
based or algebra-based introductory physics course may offer
a different experience for students compared to a typical intro-
ductory astronomy course for science and engineering majors.
Introductory physics is mandatory for most science and engi-
neering majors but introductory astronomy, while mandatory
for some students who take it as part of the “physics and as-
tronomy” major, is an elective for science or engineering ma-
jors. Moreover, although the difficulty level of these courses
is comparable and the courses cover similar physics principles
underlying the relevant content, the content of the two courses
often contain very different themes.

While requiring the same level of rigor, these classes are of-
ten framed differently to students. From the manner in which
an introductory astronomy course for physics and astronomy
majors is organized, it is clear that the focus is on understand-
ing the large-scale structure of the universe and the rules that
govern the past and future evolution of astrophysical objects.
In an introductory physics course, the focus is often on help-
ing students learn to apply the laws of physics in simplified
contexts, e.g., applying Newton’s laws to blocks on inclined
planes or masses connected via ropes and pulleys. Also, as-
tronomy classes often involve the use of many photographic
images of objects in space, whereas physics classes often rely
upon sketches, cartoons, or other abstract representations of
the objects being studied.

Assessing introductory physics students’ views using at-
titudinal surveys: Understanding students’ attitudes and ap-
proaches to problem solving is important because it can have
instructional implications [1]. Many attitudinal surveys have
been developed to assess students’ beliefs about physics, e.g.,
those in Refs. [2–4]. The Attitudes and Approaches to Prob-
lem Solving (AAPS) survey is a modified version of the Atti-
tudes to Problem Solving Survey [3, 4] (which in turn is based
upon MPEX survey in Ref. [2]), and was developed to include
questions about approaches to problem solving [5, 6]. The fo-
cus of the research presented here is on analyzing, compar-

ing, and interpreting AAPS survey responses for introductory
algebra-based and calculus-based physics and introductory as-
tronomy students as a posttest at the end of the course (the sur-
vey was not given as a pretest due to time-constraints). This
survey was validated earlier based upon faculty, graduate and
introductory student responses [5, 6]. During validation, ex-
pected “favorable” responses agreed with faculty responses to
a high degree, and it was found to be the case that, on average,
introductory students responded differently from graduate stu-
dents and faculty, in that introductory student responses were
found to be less “favorable”, on average, compared to gradu-
ate students and faculty [5].

Research questions: Our two tightly-related research
questions in the research presented here are:

RQ1. How do the average overall scores on the AAPS sur-
vey questions and on force concepts compare for introduc-
tory astronomy students and introductory physics students and
how do their AAPS responses compare to expert responses?

RQ2. How do scores on specific clusters of questions on the
AAPS survey compare for introductory astronomy students
and introductory physics students?

II. METHODOLOGY

Courses and participants: The courses in our study con-
sisted of both algebra-based and calculus-based introductory
physics, and introductory astronomy for science and engi-
neering majors at the University of Pittsburgh. The introduc-
tory astronomy course discussed here is intended primarily
for science and engineering majors, and is a required part of
the curriculum for undergraduate students who are majoring
in “physics and astronomy”. The algebra-based introductory
physics classes are required for some science majors, such as
biology and neuroscience. The calculus-based physics classes
are required for engineering and physics majors. A total of
606 students participated in this study, including 541 introduc-
tory physics students (including algebra-based and calculus-
based courses) and 65 introductory astronomy students. The
AAPS survey responses from graduate students and faculty
are included in order to serve as a benchmark of more expert-
like responses [5]. A total of 42 graduate students and 12 fac-



ulty responses to the AAPS survey are included. A subset of
the total sample of students participated in individual follow-
up interviews, each lasting approximately 1 hour. Those in-
terviewed included 12 introductory physics students and 8 in-
troductory astronomy students.

Data collection: The AAPS survey was given to students
in this study near the end of the semester. The items in the
AAPS survey are statements which can elicit agreement or
disagreement, and responses are given on a 5 point Likert
scale. Once completed, spreadsheets of the results were pro-
duced and scores for each question were computed by assign-
ing +1 to a favorable response, -1 to an unfavorable response,
and 0 to a neutral response, which we adopted for consistency
with the convention used when the AAPS survey was origi-
nally validated [5]. We also computed the percentage of the
total responses that were favorable, neutral, and unfavorable.

In order to gather qualitative data, the written survey data
collection was followed by individual hour-long interviews
with introductory physics and introductory astronomy stu-
dents. The interviews utilized a semi-structured “think aloud”
protocol in which students first answered the AAPS survey
questions along with providing reasoning for their answers
on their own. Follow up questions were then asked for clar-
ification of points not made clear. In addition, in the inter-
views, both introductory physics and introductory astronomy
students were presented with an isomorphic pair of problems.
They were first asked to solve both problems and then were
asked about which problem was more difficult or enjoyable.
Both problems required the students to solve for the speed of
an object based upon the assumption of uniform circular mo-
tion with centripetal acceleration (one context was the motion
of a yo-yo and another was Earth’s motion around the Sun).
Thus, the problems required the same concepts and formulas,
but contained different contexts–the astronomy problem in-
volved the motion of the Earth around the Sun and the physics
problem involved the circular motion of a yo-yo whirled in a
horizontal circle. The purpose was to determine if physics and
astronomy students were equally proficient in solving these
problems, whether one of the problems was more challenging
than the other and whether there was something about the con-
text of astronomy or physics that produced different attitudes
or approaches to the problem-solving process. We also used
scores on the Force Concept Inventory (FCI) [7] to investigate
conceptual performance of physics and astronomy students.

III. RESULTS

RQ1. How do the average overall scores on the AAPS
survey questions and on force concepts compare for intro-
ductory astronomy students and introductory physics stu-
dents and how do their AAPS responses compare to expert
responses? Figure 1 shows that introductory physics and as-
tronomy students had less expertlike attitudes and approaches
to problem solving compared with graduate students and fac-
ulty [5]. However, astronomy students had more expertlike at-
titudes and approaches than physics students. All differences
in overall scores were found to be statistically significant, with
p < 0.001 and effect sizes with Cohen’s d [8] of d > 0.8.

As noted, while the content is presented differently in
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FIG. 1: Average AAPS scores of introductory physics students,
introductory astronomy students, graduate students, and faculty.

introductory physics and astronomy classes, the underlying
physics principles and level of rigor involved in the instruc-
tion are equivalent. Also, while the courses are presented very
differently, foundational topics in physics, such as forces and
energy are part of the content of both courses. Indeed, when
we compare the performance on the Force Concept Inventory
(FCI), we find that students in introductory astronomy had
very similar average score on the pre-test (47% for physics
and 46% for astronomy) and post-test (58% for physics and
62% for astronomy). Moreover, at the end of the interviews,
introductory astronomy and physics students were presented
with a pair of isomorphic problems (one written in and one
without the context of astronomy). Both problems required
the use of the concept of centripetal force and the assump-
tion of a uniform circular motion in order to solve for the
speed. We find that 75% of introductory physics students and
86% of introductory astronomy students successfully solved
both problems, with additional students in both groups who
solved a significant fraction of both isomorphic problems cor-
rectly but made some mistakes along the way. Like the FCI
results which show similar conceptual performance, this sim-
ilarity in performance on the isomorphic problems suggests
that student performance on quantitative problem solving is
also comparable. We note that while performance of students
appears to be similar on the isomorphic problems, the ma-
jority of both introductory physics and astronomy students re-
ported that they found the astronomy context more interesting,
even if they found it to be somewhat more difficult to solve or
challenging to think about due to the large numerical values
involved in the astronomy problem.

Considering the students’ comparable facility at both the
FCI and the isomorophic problem solving, the difference in
attitudes and approaches to problem solving in physics and
astronomy is not likely to be due to the differences in rigor
of treatment. Instead, there may be something about the man-
ner and context in which introductory astronomy classes are
taught which might at least partly account for this difference.
In other words, while introductory astronomy students learned
just as many physics concepts pertaining to forces and New-
ton’s laws as introductory physics students, as measured by
the FCI, introductory astronomy students’ more favorable at-
titudes than introductory physics students may be due to a
more engaging context in which the content is learned and
the manner in which the entire course curriculum is framed.



The fact that most students preferred the astronomy context
when solving the isomorphic problems appears to support this
explanation. For example, one astronomy student in an inter-
view said (about the astronomy problem) “That’s cool to me
because then you could think about well what if all of a sud-
den we stop orbiting and we go off on a tangent, and at that
speed, well that sucks, that’s going to be rough.” On the other
hand he indicated that the non-astronomy problem was not as
captivating or interesting, stating that if the yo-yo string broke,
“that just means it’s hitting my TV and I’m getting yelled at.”

Like this student, many student responses during inter-
views suggested a lack of engagement with the context in
which physics is often presented in problems and in the class-
room. For example, one student expressed that he would en-
joy physics classes more if he could relate them to something
interesting or realistic. He went on to point out a common
type of introductory physics problem as a counter-example to
an interesting or realistic type of problem, stating “How many
times are you realistically doing that with a pulley?” Simi-
larly, a student who had taken both introductory physics and
astronomy expressed excitement when comparing the two ex-
periences, stating: “Astronomy is more exciting. I just read
this story today about a galaxy that doesn’t have any dark mat-
ter. That’s freaking awesome... Physics doesn’t do that.”

RQ2. How do scores on specific clusters of questions
on the AAPS survey compare for introductory astronomy
students and introductory physics students? There are a
few AAPS survey questions in which physics students outper-
formed astronomy students. However, for most of the AAPS
survey questions, astronomy students outperformed physics
students. A factor analysis was performed earlier in the AAPS
validation study [5]. Table I compares the factors identified
in the validation study [5] with responses from introductory
physics and astronomy students. Astronomy students gener-
ally outperformed physics students in all factors except for
Factor 2, which is related to drawings and scratchwork while
problem solving.

Among the AAPS survey questions on which introductory
astronomy students outperformed introductory physics stu-
dents, many of the questions center around Factor 1, which is
related to metacognition and enjoyment in problem solving.
In fact, Factor 1 accounted for more of the variance than any
other factor in Ref. [5]. For example, question 27 in Factor 1
(see Table 1) states, “I enjoy physics/astronomy even though it
can be challenging at times.” (Note that physics students only
saw the word “physics” in this question and astronomy stu-
dents only saw the word “astronomy”). While 72% of astron-
omy students agreed with this statement, only 40% of physics
students agreed with it.

Some questions in Factor 1 asked about reflection and con-
ceptual thinking over “plug-and-chug” approaches. For ex-
ample, question 4 within Factor 1 states “In solving problems
in physics/astronomy, I always identify the physics/astronomy
principles involved in the problem first before looking for cor-
responding equations.” A favorable response to this question
would be to agree with the statement, as 80% of the intro-
ductory astronomy students did. Fewer introductory physics

TABLE I: Average AAPS survey scores of physics and astronomy
students by question and factors identified in Refs. [5, 6]. More
favorable scores appear in boldface. The order of AAPS survey
problem numbers within each factor reflects the relative “loading”
of each question within each factor in Refs. [5, 6].

students (62%) responded favorably by comparison.

Factor 6 (see Table 1) was another one for which introduc-
tory astronomy students gave more favorable responses than
introductory physics students. This factor has to do with prob-
lem solving confidence and willingness to persist in work-
ing through challenging problems. For example, question 23
states “If I cannot solve a problem in 10 min, I give up on that
problem.” A favorable response of disagree was given by 82%



of astronomy students but only 61% of physics students.
The only factor in which introductory astronomy students

gave less favorable responses compared with physics students
was Factor 2 (see Table 1), which is related to the use of
drawings and scratchwork while solving problems. Follow-
up interviews suggest one possible reason for less favorable
responses. As one student described, certain topics that come
up in astronomy problems may be more difficult to depict in a
drawing, stating: “For example, involving things like a spec-
trum...I’m not going to draw a light wave.” Other students ex-
pressed similar sentiments. Since introductory physics prob-
lems often focus more on simpler physical objects that lend
themselves well to drawing, this could account for the less fa-
vorable responses of astronomy students regarding the use of
drawing and scratchwork in problem solving.

IV. DISCUSSION AND CONCLUSION

Similar students, different attitudes: Our results indicate
that on the AAPS survey, introductory astronomy students,
overall, had more expertlike attitudes and approaches than in-
troductory physics students, and had more expertlike attitudes
on most clusters of questions found via factor analysis (see
Table 1). These differences in attitude appear despite the fact
that the majority of students in both classes are science majors
with comparable performance levels on tests of conceptual un-
derstanding (as revealed by average FCI scores) and problem
solving skill (as revealed by isomorphic problem solving).

Captivating content: The differences between AAPS
scores of introductory physics and introductory astronomy ap-
pear to suggest that there may be something about the sub-
ject matter in astronomy that might promote metacognition
and may be more interesting and engaging for students com-
pared to what they learn in a typical physics class. For ex-
ample, it is possible that learning about galaxies and black
holes and viewing images of outer space is more captivating
than learning about pulleys and inclined planes. One inter-
viewed student described the appeal of real astronomical im-
ages compared with images one might encounter in a physics
class as follows, “For astronomy there are all these real im-
ages... you can’t take a picture of a projectile the same way.”
Likewise, the majority of students who were interviewed in-
dicated that they enjoyed the astronomy problem more than
the isomorphic physics problem. If it is the case that students
find astronomy and astronomy problems more interesting, it is
possible that more captivating instruction of physics classes,
including more engaging contexts such as those used in as-
tronomy classes, may improve physics students’ attitudes and
approaches to problem solving.

Impact of motivation on learning: Researchers have of-

ten divided students into a few broad categories based upon
their motivational characteristics, e.g., those who are focused
mainly on performing well in a class without much focus
on achieving deep understanding, i.e., those with a “perfor-
mance” motivation orientation, or those who are focused on
achieving mastery of the material, i.e., a “mastery” motiva-
tion orientation [9]. These different extrinsic or intrinsic mo-
tivational goals can have a negative or positive feedback loop
effect on student attitudes and may shape their problem solv-
ing beliefs and processes through the level of engagement and
sense-making throughout a course [9].

While the student body is similar in physics and astronomy
courses in this investigation, many students take the astron-
omy course as an elective. This may point to an intrinsic moti-
vation to take this course as opposed to an extrinsic motivation
for the physics course, which is required for most students.
We note however that while students taking a class as an elec-
tive or as a requirement could be expected to be one factor
in their motivational characteristics at the end of the course,
we find that it is possible to acquire equivalent conceptual
learning and problem-solving skills, e.g., in force concepts,
in both classes (as is suggested here by astronomy students’
FCI scores and facility at solving isomorphic problems, which
were equivalent to those of physics students).

Because many AAPS survey questions tap into issues of
motivational goals, one hypothesis inspired by our finding is
that the more favorable responses in introductory astronomy
at the end of the course may imply that not only are students
more motivated to learn the astronomy content from the be-
ginning but the content encourages a more mastery-oriented
motivational goal and keeps students in a positive feedback
loop so that their attitudes remain higher than those in intro-
ductory physics at the end of the course. This hypothesis will
be tested in a future investigation in which we will adminis-
ter the AAPS survey both as a pre and posttest to both sets of
students. In particular, these findings suggest the possibility
that instruction of the mandatory introductory physics classes
could potentially be tailored to more positively motivate stu-
dents without sacrificing rigor in learning if they are appropri-
ately tailored. Since there is a significant overlap in the type
of students taking introductory physics and astronomy, and
since their performance in conceptual and quantitative mea-
sures on force concepts is equivalent, it will be useful to un-
cover whether the discrepancy in their AAPS scores could at
least partly be addressed through the ways in which introduc-
tory physics is traditionally taught. In particular, if students
in introductory physics can be motivated to learn and more
effectively engage with the content, as it appears students in
introductory astronomy are, then attitudes and approaches to
problem solving in introductory physics may improve.
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