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The importance of motivational characteristics in physics education has been increasingly recognized in
recent years, with prior studies establishing a framework for how students’ identity as a physics person is
composed of their perceived recognition by physics instructors and peers, along with their physics self-efficacy
and interest. We seek to extend this research beyond introductory physics students by using five years of cross-
sectional data collected from motivational surveys administered to physics majors throughout their
undergraduate education and to the first-year physics Ph.D. students at a large research university in the US.
We find that physics majors in the first year tend to respond to the motivational survey prompts more positively
than their non-physics major peers, though with a smaller mean difference in self-efficacy than in the other
motivational beliefs. Further, on average, the responses of physics majors over time from their first year of the
undergraduate curriculum through the first year of graduate school remain largely consistent, indicating that
students are constantly adjusting their interpretation of the survey items to match the current level of expertise
in physics courses they are taking. Finally, consistent with prior studies with introductory physics students, we
find that perceived recognition is the best predictor of physics identity for physics majors throughout their
entire education in physics, pointing to the importance of physics instructors making a concerted effort to
constantly recognize their students throughout as people who can excel in physics.
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I. INTRODUCTION AND FRAMEWORK

In recent years, education researchers have been
increasingly recognizing the importance of attending to
students’ motivational characteristics in STEM domains to
improve the positive impact on learning achieved by
research-based instructional strategies [1-4]. Physics
motivational characteristics include, among others, students’
self-efficacy, perceived recognition by others such as
instructors and teaching assistants, interest, and physics
identity. Prior research has shown that when instruction
explicitly addresses some of these motivational beliefs,
student learning is improved and achievement gaps reduced
[2]. Moreover, researchers have called for additional
research into what they termed the ‘“heads-and-hearts”
hypothesis [1], which suggests that instruction is more likely
to remove achievement gaps when incorporating two key
elements: effective pedagogy and use of inclusive teaching
practices that attend to students’ motivational characteristics.

Prior research has also linked some of these motivational
characteristics to students’ physics identity [5-9], which can
play a major role in the academic trajectory and future career
choices of undergraduates [10-13]. Researchers have [5-9]
proposed a framework which suggests that students’ physics
identity is informed by three motivational characteristics: (1)
perceived recognition by instructors, TAs, peers, and family,
etc. (or “external identity”); (2) physics competency belief
(closely tied to self-efficacy); and (3) interest in physics.
Prior studies have found that perceived recognition is the
strongest predictor of physics identity, which implies that
physics instructors can boost their students’ identification as
a physics person by making an effort to recognize students
as people who can excel in physics [5-9]. Self-efficacy,
defined by Bandura as one’s belief in one’s ability to succeed
at a particular task or subject [14], is another extremely
important motivational belief in this framework. Many prior
studies related to self-efficacy have shown that it is linked to
many aspects of education, both in general and in physics
specifically, including academic achievement, persistence in
the major, and career choices after graduation [3,4,9-17].

In order to extend the prior research on students’ physics
motivational characteristics, which has primarily focused
almost exclusively on either high-school or introductory
students, and in one case on first-year and senior women in
physics [2-12,16-24], here we focus on the physics
motivational characteristics that have been linked to
students’ physics identity (perceived recognition, interest,
and self-efficacy) for undergraduate physics majors across
different years and first-year graduate students at a large
research university in the US. Our research questions to
guide this investigation are as follows:

RQ1. What are the trends over time for physics majors’
physics perceived recognition, interest, self-efficacy, and
identity as a physics person?

RQ2. How do the responses differ for physics majors and
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non-majors in the same first-year courses?

RQ3. How do the motivational beliefs of physics majors
throughout their undergraduate education compare to the
first-year physics graduate students at the same university?

Il. METHODOLOGY

The university at which this study was conducted is a
public, doctoral university, with a large, primarily residential
undergraduate population that is full-time and reasonably
selective with low transfer-in from other schools. A
validated motivational survey was administered during the
first and last two weeks of the semester in lecture courses
throughout the undergraduate physics curriculum as well as
first-year graduate courses.

In previous studies, the motivational survey was
validated for calculus-based introductory physics courses, in
which the majority of students are non-physics majors
(engineering, chemistry and math majors in addition to
physics majors) [7-9,16,19]. Since our study is focused on
physics majors, we validated the survey via 15 think-aloud
interviews with physics majors across different years and 5
graduate students who answered each survey question while
thinking-aloud and later clarified why they responded in a
certain manner when the interviewer asked for elaborations.
These 20 interviews confirmed that these students were
correctly interpreting the survey items. Next, we conducted
an exploratory factor analysis and found that the items group
into the constructs labeled in Table | in a manner very similar
to the previous studies involving mainly non-majors. A
follow-up confirmatory factor analysis (CFA) found that the
specified factors have “good” model fit (SRMR < 0.07, CFI
>0.90, TL >0.90). The standardized factor loadings (1) from
this CFA are reported for each item in Table I, where A2
indicates the amount of variance explained in each item by
the factors. Finally, we also report Cronbach’s « in Table |
for each factor with multiple items.

The survey takes approximately 10 minutes for students
to complete. Since we are interested in the motivational
characteristics of physics majors, we used de-identified data
provided by the university via an honest broker to determine
which students were physics majors.

The survey items from the validated motivational survey
pertaining to this study are shown in Table | along with
selected validation measures for the responses of physics
majors (see next paragraph). Students responded to each
item with the degree to which they agreed or disagreed with
the statements on a Likert scale from 1-4, with the exception
of the first two items for “Interest”, which had unique
response options listed in the caption of Table 1. Consistent
with prior research on identity, we used only one question
pertaining to students’ physics identity [5-9], but multiple
questions for other factors.

We will refer to the survey administered in the first two
weeks of the semester as the “pre survey” and the survey



Table I. The survey items used in this study along with the response options given to students. The items are grouped into sets based upon
the results of the factor analysis, and the associated motivational construct for each set of items is listed. For each construct with multiple
items, Cronbach’s « is provided as a measure of the coherence (internal consistency) of these items. For each item, the standardized factor
loading 4 from a CFA model is listed. In the CFA, the physics identity item loaded on each of the other three constructs and so three A values
are specified for each of the interest (4;,:), perceived recognition (Agec), and self-efficacy (Asg) factors. All items are on a Likert scale from
1 to 4 measuring the degree to which students agree with the statements (with 1 indicating strong disagreement and 4 indicating strong
agreement), except the first two Interest items which have the following unique response options. Option set A = {Never, Once a week,
Once a month, Every day}. Option set B = {Very boring, Boring, Interesting, Very interesting}. Items marked with a 1 are reverse-coded

prior to analysis in order to align the scales of all items.

Motivational a A Quiestion text
construct
0.52 I wonder about how physics works [option set A]
0.69 In general, | find physics [option set B]
Interest 0.82 0.73 I want to know everything | can about physics
0.76 I am curious about recent discoveries in physics
0.82 I want to know about the current research that physicists are doing
Perceived 0.90 My fa_mily seesme as a phygics person
Recognition 0.79 0.90 My friends see me as a physics person
0.58 My physics instructor/TA sees me as a physics person
0.56 fOther people understand more than I do about what is going on in this physics course
0.65 I am able to help my classmates with physics in the laboratory or in recitation
Self- 0.68 I get a sinking feeling when 1 thi|_1k qf trying to tackle tough physics problems
Efficacy 0.82 0.70 I understand concepts | have studied in physics
0.68 If I wanted to, | could be good at physics research
0.78 If I study, I will do well on a physics test
0.73 If | encounter a setback in a physics exam, | can overcome it
Physics Atne = 0.24 .
Identity N/A  Agec = 0.27 | see myself as a physics person
Asg = 0.46

administered in the final two weeks as the “post survey.”
Further, survey responses were grouped into ‘“years”
corresponding to the typical timeline of physics courses for
students at the studied university. For example, responses
from introductory physics 1 students are categorized as “year
17 while responses from quantum mechanics students are
categorized as “year 4.” Students take introductory physics
in year 1 and modern physics in year 2 (along with three of
the five mandatory mathematics courses beyond calculus-1
and calculus-2, which they take in year 1). A majority of
physics courses for the majors (classical mechanics (CM),
electricity and magnetism (EM), thermal physics beyond
introductory level and quantum physics) are taken in the
third and fourth years. The sample size varies from year to
year and in some cases differs between motivational
constructs as items relating to physics identity and perceived
recognition were added in Fall 2017. We note that in our
cross-sectional analysis, some undergraduate students may
be included in multiple courses in the data but the
undergraduate and graduate student cohorts, though at the
same university, are entirely separate. We report the exact
sample size for each analysis in Results.

In order to investigate trends over time and answer RQ1,
RQ2 and RQ3, we restricted the sample to matched pre and
post responses (i.e., only those students who responded to
both the pre and post survey items). Descriptive statistics
(sample size, mean, and standard error) were calculated on
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these matched responses [25]. Then, in order to test the
framework for physics identity, we tested multiple linear
regression models [26] on only the post survey responses
from students in each year, as has been done in previous
studies with this framework [5-9]. Since pre survey
responses do not appear in the models, we did not restrict to
the matched responses in these multiple linear regression
models, instead using all available post survey responses
(although we find that the results are qualitatively similar
using post survey responses with matched data only).

Il. RESULTS

In order to answer RQ1 and investigate the trends of
physics majors’ identity, perceived recognition, self-
efficacy, and interest over time, we calculated the mean and
standard error of each construct for physics majors in each
year and plotted them over time in Fig. 1. We observe that
for physics majors, all four constructs remain remarkably
consistent throughout the physics majors’ studies and are
comparable to those for graduate students. In particular,
perceived recognition (Fig. 1b) and interest (Fig. 1c) show
very little change even from the earliest time point (Year 1
pre) to the latest (Grad post). Perceived recognition ranges
from a minimum of 3.24 in Year 2 post to a maximum of
3.40 in Year 4 pre, while interest ranges from a minimum of
3.45 in Year 4 post to a maximum of 3.73 in Year 1 post.
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FIG. 1. The mean scores on (a) self-efficacy, (b) perceived recognition, (c) interest, and (d) identity are plotted along with their standard error
(note that the vertical axis is limited to 2—4 but the Likert scale was from 1-4). The mean scores are plotted separately for the matched pre
and post survey responses of physics majors in each of the four undergraduate years as well as first-year non-physics majors and first-year

physics graduate students (“Grad”). The sample size is reported next to each point. Lines connecting points are drawn as guides to the eye.

Self-efficacy (Fig. 1a) shows a slight drop from Year 1 pre
pre (at 3.17) to Year 1 post, but after that point it remains
relatively consistent through Grad post, with slight decreases
from each pre survey to the following post survey followed
by a slight increase in the next year’s pre survey. Overall, the
maximum self-efficacy for physics majors occurs in Year 1
pre at 3.17 and the minimum in Year 3 post at 2.88. Students’
physics identity (Fig. 1d), while still largely consistent over
time, shows a slight decline from the maximum 3.59 in Year
1 pre to the minimum 2.98 in Year 4 post (i.e., the span of
undergraduate years). This trend is reversed for graduate
students whose mean physics identity score rises slightly
relative to Year 4 post undergraduate values. Note that
graduate students comprise a different cohort than the
undergraduate students.

We now compare majors to non-majors in Year 1 to
answer RQ2. The two sets of responses that appear for Year
1 pre and Year 1 post are from the same physics courses,
with those students who were identified as physics majors
separated from the remaining non-physics majors. We find
that on all measures, physics majors respond more positively
on average than their non-physics major peers, though the
difference between the two means is smaller in self-efficacy
than in the other three constructs. In particular, for physics
identity (Fig. 1d), the difference is 1.00 in pre and 0.77 in
post; for physics perceived recognition (Fig. 1b) the
difference is 0.81 in pre and 0.71 in post; and for interest
(Fig. 1c) the difference is 0.63 in pre and 0.86 in post.
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However, majors and non-majors respond much more
similarly in physics self-efficacy measures, with majors only
0.34 and 0.30 higher on average in pre and post, respectively.
Comparing physics majors and graduate students (RQ3), we
observe that the two groups show very similar averages in
self-efficacy, perceived recognition, and interest. The only
difference, which is quite small, is in physics identity where
Year 4 undergraduate students (post) and graduate students
(pre) differ by roughly 0.25. This might be at least partly due
to the fact that some of the senior physics majors do not
intend to pursue graduate school and their perception of
themselves as a physics person may be lower than the others
who pursued graduate school.

Turning next to the predictive relations, we use multiple
linear regression models and test the model of physics
identity predicted by interest, perceived recognition, and
self-efficacy [5-9]. Table Il shows six such models, one for
physics majors in each year of study and one for non-majors
in first-year physics courses. In every case, over 50% of the
variance in physics identity is explained by the predictors (as
indicated by R? in Table I1).

The findings for non-majors in Year 1 shown in Table I
reflect prior research for introductory physics including both
majors and non-majors [5-9], and show that the primary
predictor of physics identity is perceived recognition, while
interest and self-efficacy are also statistically significant
predictors (but smaller than perceived recognition).
Focusing just on majors in Year 1, we find a somewhat



Table 11. Summary of findings from multiple regression models predicting physics identity from interest, perceived recognition, and self-
efficacy among physics majors in each year of study and non-physics majors in the first year. Each column shows the results from a regression
using data for the specified year. Reported are the standardized regression coefficients (8) for each predictor along with the number of
students (N) and fraction of variance explained in physics identity (R?). The p-values are specified using asterisks, with non-significant
predictors trimmed from the model and replaced by “—”.

Motivational Year 1 Standardized g predicting physics identity
Construct Non-majors Year 1 Year 2 Year 3 Year 4 Grad
Interest 0.25%** - - 0.32%** 0.31%** —
Recognition 0.48*** 0.74%** 0.45*** 0.42%** 0.48*** 0.62%**
Self-Efficacy 0.21*** — 0.35*** 0.20* 0.22** 0.34***
N 2109 59 65 93 108 58
R? 0.64 0.54 0.52 0.63 0.63 0.74
*p<0.05 **p<0.01 *** p<0.001
different model wherein perceived recognition is the sole based on their belief about their performance on physics tests
predictor of physics identity. One hypothesis for this finding in their introductory physics course, while fourth-year
is that physics majors in their first year have more physics students in a quantum mechanics course responded
homogeneous levels of interest and self-efficacy in physics based on their belief about their performance on quantum
while there is more variation in their perceived recognition mechanics tests (rather than how well they believe they
We note that there is also work to be done in improving could perform on tests from their earlier courses). The
student self-efficacy, as Fig. la shows that a full point relative stability of these constructs for physics majors
improvement is possible on the 1-4 Likert scale. suggests that at each level, physics instructors should make
Progressing to Year 2 (Table I1), perceived recognition explicit efforts to improve students’ self-efficacy and interest
remains the top predictor of identity while self-efficacy by engaging in micro-affirmations and validation and
becomes a statistically significant predictor. Following this, recognizing students as people who can excel in physics.
for physics majors in Years 3 and 4, interest becomes a The second major finding is the consistently higher
significant predictor alongside perceived recognition and responses of physics majors relative to their non-physics
self-efficacy, with the standardized g falling into a similar major peers in the same courses, which is not surprising.
pattern to non-majors in Year 1. Finally, the model for What might be surprising is that physics majors are more
graduate students shows that interest once again drops out as similar to their non-major peers in regards to self-efficacy
a significant predictor, leaving only perceived recognition (difference of around 0.3) than with regards to the other
and self-efficacy as the significant predictors of physics constructs (differences between 0.6-1.0).
identity for graduate physics students. One hypothesis for The last major finding is that perceived recognition is
this is that, as in the case with first year undergraduates, first consistently the top predictor of physics identity, and this is
year graduate students have a more homogeneous level of especially true for physics majors in their first year. These
interest in physics while their perceived recognition and self- findings expand and strengthen the findings of previous
efficacy vary from student to student. studies using the Hazari et al. model [5-9], which called for
The main finding in these multiple regression models is physics instructors in introductory courses to make a
that perceived recognition is universally the top predictor of concerted effort to recognize their students as people who
physics identity. It is the only predictor of identity for physics can excel in physics. In particular, we find that recognition
majors during the first-year, with later years approaching a is even more important for physics majors in the first year
regression model resembling those found among a general than non-majors, and it consistently remains the top
population in introductory physics students in prior studies. predictor for physics identity all the way through the first
year in graduate school. Thus, we call upon all physics
1IV. SUMMARY AND IMPLICATIONS departments to implement measures to foster positive,

encouraging interactions with all students to enhance their
physics identity from introductory to graduate levels.

This study has focused on all students regardless of
gender, race and ethnicity, etc. for physics majors and
graduate students since the numbers of students were not
large enough to make valid comparisons between subgroups
of students. However, future research with more data could
disaggregate the motivational constructs studied here by
gender, race and ethnicity to investigate whether there are
differences between different demographic groups for
physics majors and non-majors, which could inform
inclusive teaching practices in the physics curriculum.

In this cross-sectional study, there are two main effects
we observe (e.g., see Fig. 1). The first is that, by and large,
physics majors from first-year undergraduate to first year
graduate students respond to these items pertaining to
physics perceived recognition, self-efficacy, interest and
identity fairly consistently throughout their education. From
the survey validation, we know that the students were
correctly interpreting these items and these consistent
responses over time indicate that students are constantly
adjusting their perspective when responding to these items.
For example, first-year physics students responding to the
prompt “if I study, I will do well on a physics test” responded
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