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Abstract

The development of reflective practitioners is one of four dominant change strategies in the Science, Technology,
Engineering, and Mathematics (STEM) higher education literature. However, little research concerns the
characterization of faculty’s reflections. Before professional development programs can effectively incorporate
reflective writings as a tool for pedagogical improvement, it is necessary to first understand the current state of
faculty’s reflections. To accomplish this goal, 98 physics and astronomy instructors were recruited from a teaching-
focused professional development workshop and were asked to write a reflection on a self-identified challenging
teaching experience.

A combination of a priori coding to analyze the content and depth of the reflections, as well as in vivo coding
to better capture instructors’ thinking were utilized. The majority of instructors wrote low-level reflections, wherein
connections were not made between an instructors' actions and the observed outcomes or the described
experience was not centered on students’ outcomes or educational research literature. Approximately half of
the instructors contemplated their own growth and the relationships with their students. However, only a small
minority of instructors considered larger societal, cultural, or ethical factors. Plans created by instructors to address
future, similar situations heavily relied on the instructors themselves, regardless of the depth of their reflections, and
few planned to seek out knowledge from other resources such as peers or the education literature.

This study indicates that instructors may not engage in the types of reflection that are considered to promote
meaningful instructional change. Trends in the instructors’ plans show that ongoing support is necessary for
them to effectively reflect and grow as practitioners. Overall, this work provides valuable insight into the poorly
understood nature of faculty’s reflections and showcases the need for more research to fully characterize reflections
across STEM disciplines and to better inform professional development.
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Introduction

Extensive evidence of the inequitable and poor learn-
ing outcomes experienced by students enrolled in sci-
ence, technology, engineering and mathematics (STEM)
courses (e.g., Hatfield et al., 2022; Koester et al., 2016;
Matz et al, 2017) have reinforced calls for enhancing
these learning environments. The need for such reforms
has been recognized for decades by government bodies
(Olson & Riordan, 2012), higher education organizations
(Boyer Commission on Educating Undergraduates in the
Research University, 1998; Miller & Fairweather, 2015),
and STEM faculty themselves (Bradforth et al., 2015).
Education researchers have responded by empirically
investigating how students learn in STEM (e.g., Pond &
Chini, 2017; Wu & Rau, 2019), examining the cognitive
and affective challenges students experience in STEM
courses (e.g., Marshman et al., 2018; Rice et al., 2013;
Sorby et al,, 2018), and leveraging findings from these
studies to develop innovative instructional practices and
test their efficacy on student learning (e.g., Chasteen et
al.,, 2016; Henderson et al.,, 2011; Madsen et al., 2017;
Mooring et al,, 2016). As these evidence-based instruc-
tional practices emerged, different communities have
strived to encourage STEM instructors to implement
these practices in their courses. A review of studies on
strategies to promote instructional change demonstrates
the complexity of this endeavor (Henderson et al., 2011),
and recent studies suggest that the uptake of these prac-
tices has been slow across STEM fields (Beane et al.,,
2019; e.g., Stains et al., 2018; Yik et al., 2022). The Hen-
derson et al. (2011) review concluded that one important
first step to change instructional practices is for instruc-
tors to understand their practices, beliefs, and values
around teaching and to help them problematize their
teaching. While this alone is not sufficient and long-
term support and cultural change around teaching at the
department and institution levels are also required, this
step is essential as the dissatisfaction experienced once
a problem is identified can be a powerful initiator for
change (Andrews & Lemons, 2015).

Engaging STEM instructors in reflective teaching prac-
tices is a promising strategy to help them problematize
their teaching. Indeed, reflections provide opportunities
for instructors to critically analyze their teaching prac-
tices and learn from these analyses to enhance instruc-
tional effectiveness and, ultimately, students’ experiences
(McAlpine & Weston, 2002). The positive impacts of
instructors’ reflections have been reported extensively,
especially in the K-12 literature (Ansarin et al., 2015; Bel-
vis et al., 2012; Fox et al., 2011; Markkanen et al., 2020;
Tajeddin & Aghababazadeh, 2018). In higher education,
many of the calls for reforms on the evaluation of teach-
ing and evaluation of teaching frameworks have also
recognized the importance of reflections (Accelerating
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Systemic Change Network, 2023; Bradforth et al., 2015;
Dennin et al., 2017; Simonson et al., 2022; The University
of Kansas Center for Teaching Excellence, 2024; Weaver
et al,, 2020). For example, practicing reflective teaching is
one of the four criteria described in the Framework for
Assessing Teaching Effectiveness (FATE; Simonson et
al., 2022) and an essential component of the Benchmarks
for Teaching Effectiveness developed by the Center for
Teaching Excellence at the University of Kansas (2024).

These teaching evaluation frameworks and guidelines
are built on the premise that engaging in reflections will
lead instructors to engage in instructional growth and
the adoption of learner-centered practices. However,
the literature on reflective practice has demonstrated
that reflections can range in quality and therefore may
not lead to expected outcomes (Dyment & O’connell,
2010; O’Connell & Dyment, 2011; Ryan, 2013; Spalding
& Wilson, 2002). The teaching evaluation frameworks
describe reflections in broad terms and provide limited
scaffolding. For example, FATE describes an exemplary
reflection as one that “demonstrates a high level of self-
reflection around teaching broadly, objectively describing
their strengths and weaknesses, consistent with evidence
of teaching practices” (Simonson et al., 2022, p. 170).
Similarly, the Benchmarks for Teaching Effectiveness
describes someone with an expert level of reflection as
an individual who “regularly adjusts teaching based on
reflection on student learning, within or across semes-
ters and examines student performance following adjust-
ments” (The University of Kansas Center for Teaching
Excellence, 2024). The literature on reflective practice
has demonstrated that certain scaffoldings and methods
are more effective at prompting high level reflections
(i.e., reflections in which the instructor considers their
roles, beliefs system and knowledge about teaching, and
the place these play in the education of their students)
and, therefore, at problematizing teaching. Unfortu-
nately, few studies have explored the nature and quality
of STEM instructors’ reflections, whether as part of the
teaching evaluation frameworks previously discussed
or when instructors are provided with a specific, empir-
ically-derived scaffold. It is necessary to first determine
whether instructors are functioning as reflective practi-
tioners on the level required to generate instructional
change in order to design effective trainings and inter-
ventions involving reflective practice. Consequently, the
goal of this study is to expand our understanding of the
nature of STEM instructors’ reflections by analyzing
responses from physics and astronomy assistant profes-
sors to a specifically-designed reflective scaffold. The fol-
lowing research questions drive this study:

1. What is the nature of a difficult or challenging
teaching experience (i.e., critical incident) new
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postsecondary physics and astronomy instructors
choose to reflect on?

2. What is the content of new postsecondary physics
and astronomy instructors’ reflective writings when
prompted to consider a critical incident?

3. What depth of reflection do new postsecondary
physics and astronomy instructors spontaneously
reach?

4. What types of plans are new postsecondary physics
and astronomy instructors proposing to address their
critical incident?

5. To what extent are the nature of the critical incident,
content of reflections, and plans outlined associated
to the depth of these new postsecondary physics and
astronomy instructors’ reflection?

Reflective practice

Reflective practice has a history grounded in philoso-
phy and the concept of reflective thinking, particularly
in the work of Dewey (1933). The transition of reflec-
tive thinking to reflective practice- wherein the process
of reflection is formalized and often recorded in some
manner- lies in the realm of professional training, a shift
which was catalyzed by the combined works of Schén
(1983, 1987, 1991). Subsequently, Schon’s concept of
reflective practice has become extrememly influential in
the training of educators and healthcare professionals
(Munby & Russell, 1989). Reflective practice is a process
by which one considers past, present, or hypothetical
experiences in light of personal belief system, assump-
tions, and knowledge base related to these experiences
in order to gain insight concerning the factors at play as
well as to plan for future, similar situations (Machost &
Stains, 2023).

Reflective practice can be implemented through a vari-
ety of written, recorded, and oral methods (Machost
& Stains, 2023). No matter the modality, the effective-
ness of reflective practice stems from enabling instruc-
tors to deeply contemplate both their experiences and
the knowledge they gained through these experiences
(Machost & Stains, 2023; Osterman & Kottkamp, 2004).
Indeed, by practicing continual and cyclical reflective
practice, instructors can become more aware of their
current pedagogical content knowledge and how they
continually develop knowledge (Loughran, 2002). For this
reason, reflective practice has been adopted as an impor-
tant component of the professional development of edu-
cators (Marshall, 2019; McAlpine et al., 2004).

Reflection promotes greater effectiveness through
encouraging planning for future experiences (Bain et al.,
2002; Mohamed et al.,, 2022; Zahid & Khanam, 2019),
focusing on one’s strengths (Brookfield, 2017; Mohamed
et al., 2022), and considering weaknesses and potential
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areas of improvement (Bain et al, 2002; Huda & Teh,
2018; Mohamed et al., 2022). In this way, reflection can
problematize one’s action and inspire the adoption of
new approaches. Indeed, reflective practice is proposed
to act as a “gyroscope” when navigating various external
influences on the classroom, such as new departmental
initiatives (Brookfield, 2017). Furthermore, it has been
posited that “without routinely engaging in reflective
practice, it is unlikely that practitioners in higher edu-
cation will comprehend the effects of their inspirations,
motivations, expectations and experiences upon their
practice” (Lubbe & Botha, 2020, p. 290). For instance,
through thoughtful reflection, instructors may realize
how their own beliefs about the difficulty of a subject
affect their explanations in class, or how their feelings of
self-doubt affect their actions during office hours. Essen-
tially, reflective practice acts as a magnifying glass, where
instructors are able to analyze their actions and thoughts
in relation to their experiences.

Analytical frameworks for reflections

Different frameworks have been presented in the lit-
erature to describe the nature and quality of reflections.
Some frameworks focus on the variety of reflection types
presented in one whole reflection (i.e., content), while
others aim to evaluate hierarchically the depth of the
reflection as a whole. The most popular frameworks lev-
eraged in the literature that address these two aspects are
presented below.

Content of reflections One predominant method of
analyzing reflections is based on the content discussed
within the reflection itself. This method originated with
the work of Valli (1997). Within this model, there are five
distinct types of reflection (Table 1): reflection-in and
on-action, deliberative, technical, personalistic, and criti-
cal reflections. Reflections-in and on-action were derived
from the work of Schén (1983) and relate to when the
instructor is engaging in reflection, either while teach-
ing (in-action) or after the act of teaching (on-action).
Deliberative reflections are concerned with weighing dif-
ferent perspectives, opposing research findings, or vary-
ing personal viewpoints to determine the best course of
action. Technical reflections are specifically concerned
with following the guidelines put forth by a professional
organization outside of the instructor; additionally, these
guidelines must be based on pedagogical research to be
considered technical-type reflection. Personalistic reflec-
tions involve “an educator’s personal growth as well as
the individual relationships they have with their students”
(Machost & Stains, 2023, p. 5). Finally, critical reflections
center on an instructors’ own values, assertions, and
assumptions about topics such as gender, accessibility
accommodations, and cultural differences. Notably, the
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Table 1 Content of reflections based on Valli (1997)

Content type Definition

In-and Content focused on an instructor's own past experi-

On-Action ences, either retrospectively or in the moment.

Deliberative Content centered on debating viewpoints, perspec-
tives, or research, which are in opposition to each
other. This content is associated with an instructor
deciding on which pedagogical practices to change,
alter, orimplement.

Technical Content centered on an instructors' pedagogical

practices and the ways in which they control the

classroom or teach their students. These consider-
ations are performed in relation to guidelines cre-
ated by an entity outside of the instructor, and the
guidelines must be based on education literature.

Personalistic Content centered on the relationships present in
a learning environment. This includes the relation-
ship between an instructor with their students, an
instructor with their peers, and an instructor with

themselves.

Content centered on how societal and cultural
phenomena (such as gender, accommodations, and
cultural differences) affect the learning environment.

Critical

Table 2 Depth of reflection based on Larrivee's (2008a) model
Level

Definition

Pre-reflection Instructors base their teaching practices on pre-
conceived notions, and do not comment about
pedagogical goals they attempt to accomplish.
There is a lack of connection between an instruc-

tor's actions and the observed outcomes.

Surface reflection  Instructors are concerned about achieving a spe-
cific goal, such as a specific passing rate for their
class. However, these goals are only approached
through conforming to departmental norms or
their own anecdotal evidence. Thus, they are
grounded in personal assumptions and influenced

by unexamined beliefs and unconscious biases.
Instructors are willing to challenge the status quo
and alter their pedagogical practices in light of
evidence in observed student outcomes, relevant
education literature, and alternative viewpoints.
In this way, instructors also consider their own
pedagogical belief system and its relationship to
their practice.

Pedagogical
reflection

Instructors consider how societal and cultural
phenomena affect the learning environment. In
doing so, instructors evaluate their own views,
assertions, and assumptions about teaching, with
attention paid to how such beliefs impact their
students holistically.

Critical reflection

different types of reflection can occur simultaneously
within the same piece of reflective writing.

Depth of reflections Reflective writings have been
evaluated for depth through several different catego-
rizations (Day, 1993; Farrell, 2003; Handal & Lauvas,
1987; Jay & Johnson, 2002; Larrivee, 2008a; van Manen,
1977; Zeichner & Liston, 1987). Larrivee (2008a) con-
ducted an extensive review of this work in order to
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develop a four-level hierarchical model that represents
the commonalities across these different categoriza-
tions (Table 2). Larrivee’s model begins with pre-reflec-
tion where there is an absence of reflection. At the next
level, we have surface-level reflection where an instruc-
tor is concerned about achieving a specific goal and
also acknowledges a link between their actions and the
observed outcomes; however, the desired outcomes
are only approached through considering pedagogical
norms, their own anecdotal experiences, or other prac-
tices established within the status-quo (Campoy, 2010;
Larrivee, 2008a). In a pedagogical-level reflection, an
instructor reflects on their educational goals and theories
in light of observed outcomes in student comprehension,
recent education research and literature, and alterna-
tive viewpoints (Larrivee, 2008a). Finally, critical-level
reflections consider the ethical, moral, and political rami-
fications of what is being taught in an educational envi-
ronment; furthermore, educators are evaluating “their
own views, assertions, and assumptions about teaching,
with attention paid to how such beliefs impact students”
(Larrivee, 2005, 2008a; Authors, 2023, p. 4). The clear
connection between critical-type reflection (re: content;
Valli, 1997) and critical-level reflection (re: depth; Lar-
rivee, 2008) should be noted. However, unlike content-
based analyses of reflection, depth-based analyses are
mutually exclusive. A piece of reflective writing is judged
holistically and can only have one associated depth. Thus,
while critical-type content is required for the critical-
level to be reached, the presence of critical-type content
does not automatically indicate a critical-level reflec-
tion. Additionally, a piece of reflective writing is associ-
ated with a depth, and the individual doing the reflecting
is not bound to a particular level of depth; i.e., multiple
reflections from an individual may have different asso-
ciated contents and depths. It is important to note that
instances of both pedagogical and critical reflections are
considered by the authors to be high-level reflections.

Methods

This study, including participant recruitment, was
approved by the Institutional Review Board for the Social
and Behavioral Sciences at the University of Virginia
(Protocol #: 5248).

Reflection scaffold

When conducting a review of the literature on reflec-
tive practice (Machost & Stains, 2023), authors HM and
MS created a scaffold for written reflection based on the
works of Gibbs (1988), Larrivee (2000, 2008a, b), and
Bain et al. (2002); this scaffold was additionally inspired
by other reflection scaffolds developed by the University
of Edinburgh that were also based on some of this litera-
ture (The University of Edinburgh, 2021). This scaffold
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begins by prompting participants to self-identify a past
challenging teaching situation, i.e. a critical incident. Par-
ticipants are then asked to describe the facts of the situa-
tion before being prompted to describe their feelings and
the potential feelings of others involved. Next, they eval-
uate the critical incident for cause-effect relationships
and positive/negative aspects, and finally draw conclu-
sions from the critical incident and plan for future, simi-
lar situations. For each step of the process, an example of
an answer to the scaffolding question was provided. The
full scaffold is available in Appendix A.

Participants

Participants were recruited from two iterations of a
national workshop for new physics and astronomy
instructors (Physics and Astronomy Faculty Teaching
Institute, 2023). Participants represented instructors at a
variety of degree granting institutions (i.e., AA/AS, BA/
BS, MA/MS, PhD) across all regions of the continental
United States.

The first cohort of participants completed a Qualtrics
survey containing the previously described scaffold dur-
ing the workshop held in July 2022. The second cohort
of participants completed the survey as a pre-workshop
activity in June 2023. This change was implemented as
the workshop itself was redesigned to heavily focus on
reflection; thus, the pre-workshop survey serves as a
baseline for participants’ engagement in reflective prac-
tice prior to receiving instruction on reflective practice.

Participants were included in the study if they met the
following criteria: (1) the reflection submitted had to be
about a time or situation when the participants were act-
ing as an instructor; and (2) the description of the criti-
cal incident had to be clear and detailed so as to (i) be
easily understood and (ii) not require interpretation by
the research team. Of the 62 instructors who attended
the July 2022 workshop, 52 submitted a reflection, and
46 met the inclusion criteria. Of the 106 instructors who
attended the June 2023 workshop, 57 submitted a reflec-
tion, and 52 met the inclusion criteria. A total of 98
reflections were included for analysis.

Scaffold analysis

A combination of in vivo and a priori coding was used in
the creation of the codebook. The codebook is comprised
of four sub-codebooks containing codes generated to
describe the following categories: topics discussed in the
reflections, content of the reflections, level of the reflec-
tions, and plans created in the reflections. Two code cat-
egories, topics and plans, were created solely from in vivo
coding. None of these in vivo codes were mutually exclu-
sive within each code category or across the different
code categories. Two code categories, content and level,
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were created a priori from Valli’s (1997) and Larrivee’s
(2008a) descriptions of content and depth, respectively.

Topic codes were used to capture the nature of the crit-
ical incident. In all, 18 topic codes were used by authors
HM, EAK, JKMJ, and BJY during coding and assessment
of inter-rater reliability; after inter-rater reliability analy-
ses, these 18 topic codes were condensed into 9 parent-
categories following analysis by authors HM and MS
(Table 3).

The plan codes were used to capture the actions par-
ticipants either had taken or plan to take to prepare
themselves for future, similar situations. In all, 25 plan
codes were utilized by authors HM, EAK, JKM]J, and BJY.
Post inter-rater analyses, only the plan codes utilized in
at least 5% of the written reflections were retained for
further analysis. Authors HM and MS organized these
remaining 15 plan codes into three categories based on
the intent behind each individual plan. For a full sum-
mary of the plan codes and their utilization frequency,
see Appendix C, Table S2.

The portion of the codebook used to describe the con-
tent of reflections, as depicted by Valli (1997), was cre-
ated using a mixture of a priori and in vivo coding. As
other analyses of reflection have done (Minott, 2008),
Valli’s five categories were utilized in a priori coding.
However, these five categories were each expanded upon
with subcodes derived from in vivo coding to give a bet-
ter understanding of the content described (see Results
and Discussion). As with the topics and plans codes, the
content-based codes were not mutually exclusive either
across or within code categories.

Finally, the portion of the codebook depicting depth
of reflection used a priori coding taken from Larrivee’s
(2008a) description of the different levels of reflection.
Larrivee’s four-level categorization has previously been
used in the analysis of reflections (Ansarin et al., 2015;
Campoy, 2010), and a modified version of Larrivee’s cate-
gorization has also been used (Winchester & Winchester,
2011). However, other analyses use a different depth-
model of reflection (Betrabet Gulwadi, 2009; Dyment &
O’Connell, 2010; Jensen & Joy, 2005; Lee & Abdul Rabu,
2022; O’Connell & Dyment, 2004; Plack et al., 2005; Rich-
ardson & Maltby, 1995; Sumsion & Fleet, 1996; Thorpe,
2004; Wong et al., 1995). The categorization used herein
is described in the introduction and aligns with Cam-
poy’s (2010) and Larrivee’s (2008a) works. As the depth
of reflection is a holistic analysis, these codes were mutu-
ally exclusive. Importantly, for a reflection to be classi-
fied at the critical level, the higher-level concerns (e.g.,
equity, accessibility, representation, etc.) must have been
considered consistently throughout the entirety of the
reflection.
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Table 3 Topic categories, topic codes, and definitions

Topic category Topic code

Definition

Poor student(s)
behavior

External to pro-
fessor or class

Class
management

Student(s)
negative
feedback

Critical topics

Students'weak

Student in-class
disruption
Student cheating
Student
procrastination
Equipment failure
COVID transition

Made assessment
too difficult

Poor class time
management
Recommendation
letter

Student direct
negative feedback

Student indirect
negative feedback

Sexually inappro-
priate behavior
Cultural differences

Gender

Students lack

The instructor describes a situation where students are being disruptive (e.g., talking during lecture, arguing
before class, etc.)

The instructor describes a situation where a student cheated on an exam/assignment
The instructor describes a situation where a student is procrastinating

The instructor describes a situation where the necessary equipment fails during class or lab

The instructor describes a situation dealing with the COVID transition to online classes or coming back to in
person instruction

The instructor comments on an assessment or assignment they designed that was too difficult for their stu-
dents (either due to time constraints or just the complexity of the material)

The instructor describes a situation during which they moved too quickly through a class, had too much
material expected to be covered in a class, etc.

The instructor reflects on a situation that arose while writing a recommendation letter
The instructor describes a situation where students complain to the instructor directly or via a feedback survey

The instructor describes a situation where students’complained about the instructor/course to others (e.g.,
colleagues) or via end-of-course evaluations

The instructor describes a situation where sexual harassment or actions contributing to sexual harassment
were taking place in the classroom

The instructor describes a situation during which cultural differences contributed to difficulties experienced
by either the student or the instructor

The instructor describes a situation where gender norms, roles, or expectations play a part in the learning en-
vironment. The role of gender may be explicit in the description or assumed by either the student or instructor

The instructor describes a situation where students have a weak understanding of fundamental concepts and

fundamentals skills

Student poor
performance

Struggling student(s)

Student-instructor specific
interactions

academic
profile

Instructor’s incorrect answer or

explanation give any answer or explanation

The instructor describes a situation where a student is not performing well academically in class/lab

The instructor describes a situation where a student is not doing well holistically

The instructor describes a difficult student interaction, including combative interaction on the part of the
student, correcting students’ behaviors in class, or the instructor being abrasive

The instructor describes a situation where they gave an incorrect answer or explanation or were not able to

Trustworthiness
Steps were taken throughout this analysis to ensure cred-
ibility, transferability, and dependability.

Credibility As outlined by Shenton (2004), there are
numerous avenues to demonstrate credibility. First, we
approached the analysis by adopting “research methods
well established” in the literature (Shenton, 2004, p. 64);
a priori coding taken from the well-established works of
Valli (1997); Larrivee (2008a) aided in ensuring that the
analysis aligns with prior work when determining the
content and depth of the reflections. Furthermore, we
address the previous findings in the literature while dis-
cussing the findings from this study.

Throughout the analysis of the data, frequent debrief-
ing sessions occurred within the entire research team.
Finally, we aim to establish transparency of both the data
and the data analysis through the information provided
in Appendix B, Table S1.

Transferability We promoted transferability by provid-
ing a thick description of the context of the study, its par-
ticipants, the data collection, and analysis processes.

Dependability The stability of our findings is primar-
ily addressed via the two different samples, collected one
year apart. Similar distributions of content and depth
were seen at the two different time points, and the code-
book developed after the first data collection readily
applied to the second set of data. The initial codebook
was created through an iterative code-recode strategy
by author HM informed by whole-group discussions
with the research team. Additionally, the final codebook
demonstrates inter-rater reliability with percent agree-
ments greater than 80% in all code categories; 16 of the
46 reflections from the initial data collection were fully
cross coded between HM, JKMJ, and BJY to demonstrate
reliability (Table 4). Due to the non-mutually exclusive
nature of the codebooks, Cohen’s kappa values were not
calculated.

This cross-coding was performed through stepwise
replication across five rounds. Furthermore, throughout
the initial sense-making and the intensive inter-rater reli-
ability analyses, a detailed audit trail was kept about the
iterative modifications of the code books. Changes made
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Table 4 Inter-rater reliability metrics. All codebooks were fully
cross-coded by A, C,and D

Codebook Number of interviews Percent agreement
Topics 16/46 83%
Content 16/46 89%
Level 16/46 89%
Plans 13/46 87%

Table 5 Distributions of topics discussed in critical incidents

Topic Proportion of reflections
Student(s) weak academic profile 39%

Student-instructor specific interactions 28%

Student(s) negative feedback 26%

Instructor’s incorrect answer or explanation  17%

Poor student(s) behavior 14%

Class management 8%

Critical topics 7%

Struggling student(s) 6%

External to professor or class 6%

during the first three rounds of inter-rater reliability anal-
yses include: altering the names of codes (e.g., changing
‘student indirect complaints/evaluations’ topic code to
‘student indirect feedback’), adding onto the definitions
of codes (e.g. definition of ‘re-explain course material’
planning code was expanded to explicitly include utiliz-
ing a different method or approach), and verbal clarifica-
tions (e.g. that not all sections of the codebook needed
to be utilized in each reflection). The final two rounds
of inter-rater reliability analyses resulted in no further
changes to the codebook. For a detailed analysis of the
changes resulting from the iterative inter-rater reliability
analyses, see Table S1.

Results and discussion

The findings discussed herein provide insight into the
written reflections of physics and astronomy assistant
professors who are untrained in reflective practice. The
presentation of the results is aligned with the research
questions.

Nature of critical incidents

Participants focused their critical incident on nine differ-
ent topics (Table 3). The top three topics most discussed
were Student(s) weak academic profile, Student-instructor
specific interactions, and Student(s) negative feedback
(Table 5). The following three excerpts provide examples
for each of these three topics, respectively:

I was teaching a grad student class. Before the mid-
term, nearly the entire class was shaking their hand
in agreement when I tried to gauge the clarity of my
lectures. I did ask questions and encouraged differ-
ent people to participate, but the first midterm per-
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formance was extremely poor and revealed a knowl-
edge gap that I didn’t expect to see.—Instructor 129.

When I asked a question from a student to increase
her engagement in class, she didn’t answer. I helped
her to get to the answer, but she didn’t show any
interest either. I provided the answer and asked her
to make sure that she understood the process of get-
ting to the answer, and she said,” I will just say* yes”.
It was clear her ‘yes’ was only to make me to leave
her alone.— Instructor 114.

I got very poor course evaluations and students
made complaints to the department on grading.
However, I asked students to talk to me at the very
beginning of the semester if they have questions on
their grades, and no one talkled] to me during the
semester.—Instructor 138.

Overall, the data indicate that most instructors’ reflec-
tions were focused on negative events with students.
Indeed, 79% of the critical incidents contained at least
one topic code about negative experiences with students.
At the time of the writing of this manuscript, we could
not find studies that had explored the focus of teaching
reflections written by higher education instructors in
STEM and other disciplines. This study thus provides a
first insight into what STEM instructors consider chal-
lenging situations within their teaching.

Content of reflections

We leveraged Valli's (1997) framework to analyze the
content of the reflections, which includes five types
(Table 1): in- and on-action, deliberative, technical, per-
sonalistic, and critical. Since the scaffold used to guide
the written reflections requires the participants to reflect
on a past teaching experience, the in- and on- action con-
tent type was not relevant to code.

Neither technical nor deliberative content were pres-
ent in any of the participants’ reflections. The lack of
technical content aligns with a prior study investigating
pre-service teachers enrolled in a course that required
students to maintain a reflective journal throughout the
term (Minott, 2008). In Minott’s study, reflections were
collected from 20 pre-service teachers where partici-
pants submitted five entries from their reflective jour-
nals for assessment. In these submissions, there were no
instances of technical content, mirroring the findings
from the present study. Importantly, Minott’s partici-
pants had months to record reflections in a journal and
chose which of their reflections to submit. Our study
collected spontaneous reflections from participants
without training in reflective practices. Thus, the lack
of technical reflection in either participant pool may
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indicate that technical reflection needs to be deliberately
prompted. Unlike what is observed in our study, Minott
(2008) noted instances of deliberative content in 10% of
the study sample. This difference may be due to the scaf-
fold used in our study (see Appendix A), which does not
directly probe instructors to consider opposing perspec-
tives or viewpoints.

Personalistic content was the most common content
present in the reflections with 57% (n=56) of instruc-
tors addressing it. The prevalence of personalistic content
aligns with Minott’s (2008) prior study, as personalis-
tic content was the second-most prevalent content type
among Minott’s participants, only surpassed by in- and
on-action. We identified six subcodes that fit within per-
sonalistic content (Table 6). Our participants reflected
mostly on themselves and their flaws or on negative per-
ceptions that they thought others had about them. Few
considered their students’ holistic improvement or empa-
thized with them, two key criteria for personalistic con-
tent (Authors, 2023; Minott, 2008; Valli, 1997).

Critical content was observed in significantly fewer
reflections (12%, n=12) and felt into one of four sub-
codes: (1) Accommodations, (2) Gender, (3) Cultural
differences, and (4) Grouping (Table 7). The presence of
critical content in a minority of participants again aligns
with Minott’s (2008) findings, who noted critical con-
tent in only 3% of the reflections in their study. The most
common critical content written about by our partici-
pants related to the need to accommodate students.

Depth of reflections
The depth of the reflections collected were analyzed
using the four-level hierarchical categorization of
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reflections developed by Larrivee (Tables 2 and 2008a).
Over 80% of the reflections written by our participants
felt to the low-level of reflection, with 23 reflections clas-
sified at the pre-reflection level and 59 at the surface-level
(Fig. 1). A hallmark of pre-reflection was a lack of con-
nection between an instructor’s actions and words and
the observed outcome. This is exemplified with Instruc-
tor 108:

There was a girl in the class who did very well in
almost all the homework. She never came to the
office hour. But since she did well in homework, I
thought she understood the materials well. But she
didn’t do well in mid-term. I discussed the midterm
with her, and she told me that she had schedule con-
flict with the office hour. I then offered very flexible
time to her, but she then never came. She contin-
ues to do okay on her homework until she did very
poorly on the final... I feel confused about her per-
formance on homework and exam. It seemed that
she was cheating on her homework.—Instructor 108.

Instructor 108 saw themselves as a bystander; they failed
to see any reason for the conflicting performance of their
student other than cheating. Additionally, there is no
connection between a minimal action on the instructor’s
part and the student’s continued mixed performance.
This contrasts to surface-level reflection where instruc-
tors do make a connection between themselves and the
outcomes; however, the plans to achieve different out-
comes in surface-level reflections are based on anecdotal
experiences or the status quo as Instructor 102 illustrates:

Table 6 Personalistic content subcodes, definitions, exemplary quotes, and distribution of subcodes within the reflections that

contained personalistic content

Personalistic con- Definition Exemplary quote Proportion

tent subcode of personal-
istic content
reflections

Failure to facilitate Instructor reflects on their inability to ~ “Ifelt | failed the students on properly introducing them to a key 54%

learning facilitate their students'learning concept in the course and felt like | was not a good teacher’-Instruc-

tor 257

Perceived negative Instructor reflects on how they per- “l immediately felt a sense of dread and panic - thinking that my 36%

opinions of instructor  ceive their students to view them or students would think | was a fraud!-Instructor 209

by students the course

Negative personal Instructor reflects on their own “| think it also reflected my own insecurities. | always had a bit of 16%

traits negative personal traits (short temper,  imposter syndrome, especially in grad school, so any sort of criticism

insecurities, etc.) of my teaching made me very defensive-Instructor 134
Failure as advocate Instructor reflects on their inability to ~ “No one had prepared me for what | should do when a student starts  12%

Peer interpreta-
tions or opinions of
instructor

advocate for their students or their
failure while advocating for them

Instructor reflects on how they per-
ceive their peers to view them or the
course

having a breakdown/crisis in the middle of class. After the student
left, | was mostly concerned that the student would be able to get
help. | hope the student felt supported—Instructor 249

“My colleague observing me definitely pitied me and tried to offer
helpful suggestions.

—Instructor 233

9%
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Table 7 Critical content subcodes, definitions, exemplary quotes, and distribution of subcodes within the reflections that contained
critical content

Critical content Definition Exemplary quotes Proportion
subcode of critical
content
reflections
Accommaodations Accommaodations for students with dis- “Some students, especially those with a family, might be too 58%
abilities and/or difficult situations. May busy to do two homework assignments per week and to commit
relate either to the implementation of the  to outside class activities. That gave me a new understanding to
accommodations themselves or to how ac-  accommodate everyone in class’-Instructor 204
commodations affect non-accommodated
students.
Gender Gender adding a more complex layer to “A student neglected to write their pronouns in my get-to-know- 17%
situations. Most often, it is the result of a you survey and asked me not to bring up their gender again. |
female existing in a male-dominated field or was happy to respect that, but then they asked me to write them
class. The effects of this gender discrepancy  a letter of rec. | needed to write their pronouns in the letter, and |
can be expressed as either experienced by didn't know what to use’-Instructor 101
the student or be expressed as a concern by
the professors navigating a situation
Cultural differences Cultural differences contributing to difficul-  “He was previously educated in another country, where the 17%
ties experienced by either the student or students were not able to ask questions (as that generally was
the instructor viewed as meaning they weren't able to do things themselves).
So | realized that when | told the class that | expected them to
come talk to me about things they didn't understand, he still
didn't think it was really an option”
—Instructor 147
Grouping Grouping students together without reason  “I think things went poorly because | painted half of the class 17%
(note: NOT due to race, gender, ethnicity, with a generalization. | realized afterwards that it would be better
sexuality) to address students'resistance to participation when they were
in smaller groups, or perhaps individually”-Instructor 112
Critical reflection B High-level reflections
[ Low-level reflections
Pedagogical reflection
Surface reflection
Pre-reflection |
T T T T T T 1
0 10 20 30 40 50 60 70

Number of instructors

Fig. 1 Distribution of physics and astronomy instructors'reflections across the different levels of depth of reflection based on Larrivee’s (2008a) model

“I learned that I need to be more prepared for my
lectures, although this is an ongoing challenge for
me. I do need to learn to handle my own mistakes
with more grace. I'm OK with admitting that I'm
wrong or don’t know something, but I do that too
much in my lectures”—Instructor 102.

A minority of participating instructors (16%) completed
high-level reflection (Fig. 1): pedagogical-level reflec-
tion (n=9); critical-level reflection (n=7). As seen with
Instructor 128, instructors who reached the pedagogi-
cal level focused on how they can improve their teaching

based on observed outcomes in student comprehen-
sion, alternative viewpoints, and/or current educational
research and literature:

“l learned that my style of sort of more casual
research instruction... does not always help my stu-
dent. I think I should learn more about teaching sci-
entific programming to undergraduates, and what
are some successful strategies or techniques I can
impart to them. Hopefully in the future I'll be better
prepared because I will have developed structured
mini-lessons on best coding practices, and my stu-
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dent and I will have done those together, and I will
have also developed mechanisms for soliciting spe-
cific feedback from my students on what I can do to
help them better learn”—Instructor 128.

Instructor 128 took from their experience that they
need to change the status quo of how they taught cod-
ing to researchers. In doing so, they exhibit a high-level
of reflection regarding their pedagogical practices. An
added layer of complexity is present in those instructors
who reach critical-level reflection as they examine the
role that larger societal issues, trends, and differences
play in learning environments. Instructor 147 details this
relationship, as they had a student who had the poten-
tial to perform better in their course but did not do so
because of cultural differences where the student was not
comfortable asking questions. Furthermore, rather than
problematizing the student, Instructor 147 acknowledges
that it is their role as the instructor to make the class-
room norms easily understood by students.

“I was working under the assumption that when I
told students that not only could they ask questions
and/or come to me for help, [that] they accepted
it when I made the offer. This situation made me
understand that some students (especially from cer-
tain backgrounds) had preconceived notions about
what they should do as students, and that I needed
to do more to encourage them.—Instructor 147.

These findings may seem in contrast to a prior study
investigating Iranian English as a Foreign Language
teachers which found the predominant depth of reflec-
tion among these instructors to be at the pedagogical
level. Importantly, the researchers found a positive cor-
relation between an instructor’s years of teaching expe-
rience and the depth of their reflection (Ansarin et al.,
2015). In their study, instructors had a broad range of
teaching experience with an average of 8.3914.59 years.
In contrast, our study sample had less teaching expe-
rience; based on the demographic data that were col-
lected from the 2023 cohort (no such data was collected
from the 2022 cohort), the 2023 cohort had an average
of 3.2+4.8 years of teaching experience. Therefore, our
cohort is more similar to the group of instructors in the
Ansarin et al. (2015) study who were classified in the
low level of teaching experience. That group wrote a sig-
nificantly larger proportion of pre-reflection and signifi-
cantly less pedagogical and critical reflections. In light of
these results, it may be that our sample provided fewer
high-level reflections because they had not had enough
teaching experiences.
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Plans to address similar situations in the future

Instructors were asked to describe their plans for prepar-
ing themselves better when faced with a similar challeng-
ing situation in the future. Through in vivo coding, three
majors plan codes emerged (Table 8): Self-preserving,
Self-reliant, and Seeking knowledge outside of self. Self-
preserving plans entail emotional regulation regarding
either oneself or others (i.e., personal grace), or standard
practices of instructors (i.e., pre-planning). Self-reliant
plans go beyond the explicit duties of instructors and are
based solely on an instructor’s own experiences, specu-
lations, and abilities to address the topics at hand (e.g.,
establishing clear expectations in the classroom, correct-
ing mistakes made by oneself, meeting students where
they are academically, discussing issues privately or in
small groups). Seeking knowledge plans rely on an instruc-
tor going outside of their current knowledge or personal
past experiences, and include soliciting student feedback,
implementing successful strategies (either in the litera-
ture or as used by peers), communicating with peers, and
participating in professional development. Instructors’
plans relied mostly on the instructors themselves and
their own knowledge and experiences (Table 8).

Only about a quarter thought to reach out and leverage
other resources (e.g., peers, books, and peer-reviewed
journal articles) to better equip themselves to handle
future challenging situations. The nature of the plans pre-
sented in these reflections indicate that the engagement
in the reflection is unlikely to lead to pedagogical growth
among the participants.

Relationship between the nature of the critical incident
and depth of reflections

We analyzed the relationship between the nature of the
critical incident (i.e., topics; Table 3) and the depth of the
reflection to explore whether certain situations are more
prone to engage instructors in higher-level reflections.
Table 9 displays the distribution of the topics explored
in the critical incidents across the four levels of depth of
reflection described by Larrivee (2008a; Table 2).

The topic of Student(s) weak academic profile, which
was the most common topic discussed by our partici-
pants (Table 3) is equally represented across all levels of
depth. Therefore, reflecting on students’ academic dif-
ficulties can but does not necessarily lead to high-level
reflections.

The topics that most distinctively separate reflections at
the critical level from other levels were Student-instruc-
tor specific interactions and Struggling student(s). The
Student-instructor specific interactions were over twice
as prevalent in the critical reflections than in the other
levels of reflection. However, no notable qualitative dif-
ferences were found between the descriptions of Student-
instructor specific interactions at the critical level and
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Table 8 Types of plan described in the reflections for managing future similarly challenging situations. Only plan subcodes present
in at least 5% of the reflections were analyzed and are presented in this table. For a full list of planning subcodes and definitions, see
Additional file 1: Appendix C, Table S2

Types of plan Example Exemplary quote(s) Proportion
subcode of reflections
Self-reliant Communicate ‘| learn[ed] from this situation that it is super important to set up classroom culture and be 58%

Self-preserving

Seeking
knowledge

No plan

Other types of
plan

with students—
establish clear
expectations

Re-explain
course material

Pre-planning
Personal grace

Participate in
professional
development
Communicate
with peers

Did not write a
plan

Plans that were
present in 5%
or less of the

more attentive to class dynamics. | think in the future, | could integrate the activity of building
community agreement at the beginning of the course and continue to revisit it throughout the
semester to remind students of ways of working that they are expected to do and agreed to
do"-Instructor 125

“ would step back and engage with some basic cross-product concepts that students know
from mathematics, and then, once they get familiar, they move on to the idea they need to
know!"- Instructor 237

“I've learned that preparation is important to avoid stressful and regretful situations (for both the
instructor and the students)”- Instructor 232

“But | also realized | needed to give myself grace for not taking more frequent/detailed notes
the first time | was teaching as it was ridiculously busy semester’— Instructor 236

“I have had to develop leadership skills to address interpersonal issues more directly, including
attending workshops and taking courses on equity, inclusion, and social justice.” - Instructor 121

“l am always looking for advice from teachers with experience running extra large classrooms.-
Instructor 250

“Students sometimes seem to assume (based on their predicted grades in the teaching evalua-
tions) that | will curve more than | do. | worry this affects the amount of work they put into the
class- Instructor 216

‘I don't know what to do under this situation- Instructor 108

“l am unlikely to address questions that aren't strictly about content at my university ever again,
which I think is a loss for both the students and for me!— Instructor 127

45%

27%

9%

5%

reflections

Table 9 Distribution of topics discussed across the four levels of
depth. Cell percentages represent the proportion of reflections at
a specific level (i.e., depth) of reflection that included each topic
category. Topic categories are not mutually exclusive; thus, the
sum within a level is greater than 100%

Topic Pre-re- Surface Peda- Criti-
(from most to least reported)  flection (n=59) gogi- cal
(n=23) cal (n=7)
(n=9)
Student(s) weak academic profile  43% 36% 44% 43%
Student-instructor specific 30% 25% — 71%
interactions
Student(s) negative feedback 22% 30% 33% -
Instructor’s incorrect answer or 9% 24% 1% -
explanation
Poor student(s) behavior 26% 12% 11% -
Class management 10% 22%
Critical topics 9% 7% 11% -
Struggling student(s) 9% 2% . 43%
External to professor or class 4% 5% 11% 14%

lower levels. Therefore, similarly to the Student(s) weak
academic profile topic, the focus on student-instructor
interactions does not seem to drive the depth of the
reflection. The Struggling student(s) topic, which is when
instructors are considering their students who appear to
be struggling holistically rather than solely as students or
academically, was only present in 7 of the 98 reflections,

but half of these reflection were at the critical level. The
presence of this topic is in alignment with the definition
of critical level by Larrivee (2008a). However, it is worth
noticing that few of the lower-level reflections covered
this topic as well. While these instructors had described
students struggling holistically, they did not make it the
focus of their reflections and were thus not classified in
the higher-level of reflections. This points to a missed
opportunity for instructors to engage in more transfor-
mative reflections but also indicates that instructors need
to be guided towards unpacking more this type of topics.

Overall, the data in Table 9 do not provide a clear trend
(except for Struggling student(s)) between the topic being
discussed in the critical incident and the depth of the
reflection. This finding indicates that it may not be nec-
essary to coach faculty to think about particular types of
situations in order for them to engage in high-level reflec-
tions. Other aspects, such as the content of the reflection,
might play a bigger role and will be explored in the next
section.

Relationship between the content and depth of reflections
While the connection between content and depth of
reflection may appear to be intuitive, few studies simul-
taneously analyze reflections for both content and depth
(e.g., Lee, 2005). This is an important gap in the literature
as understanding the content that appears in high-level
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Content of reflection

Only personalistic

W Both personalistic and critical

I—

Critical
Pedagogical

Surface

Depth of reflection

Pre-reflection

B Only critical

Neither personalistic nor critical

0% 20%

40%

60% 80% 100%

Percentage of reflections

Fig. 2 Overlay of content and depth of instructors'reflective writings. Percentages are normalized for each level of reflection

Table 10 Distribution of plans described by instructors across the four levels. Cell percentages represent the proportion of reflections
at a specific level of reflection (i.e., depth) that included each type of plan. As instructors could describe multiple types of plan within

the same reflection, the sum within a level is greater than 100%

Type of plan Pre-reflection (n=23) Surface Pedagogical (n=9) Critical
(from most to least reported) (n=59) (n=7)
Self-reliant 43% 56% 89% 86%
Self-preserving 17% 56% 44% 43%
Seeking knowledge 30% 24% 67% 14%
No plan 17% 8%
Other types of plan 13% 3%

reflections can aid in the development of reflective
practitioners.

Figure 2 depicts the relationship between the con-
tent and depth of reflections. As the level of reflection
increases so does the presence of personalistic content.
At the pre-reflection level, most reflections contain nei-
ther personalistic nor critical content, while all critical
reflections contain both personalistic and critical con-
tent. Interestingly, critical content is a distinctive feature
of reflection at the critical level since it is mostly absent
in the pre-reflection, surface, and pedagogical reflections.
Therefore, it is essential to guide instructors towards
exploring critical content (e.g., gender, accommodations,
and cultural differences) when they engage in reflec-
tion. However, as the presence of critical content in the
low-level reflections indicates, it might not be sufficient.
Similar to our previous recommendations about guid-
ing instructors to further unpack the topic of Struggling
student(s), instructors also need to be guided in exploring
critical content for them to reach higher level reflections.

Relationship between the plans outlined and depth of
reflections

Each type of plan (i.e., Self-reliant, Self-preserving, and
Seeking knowledge) was observed across all depth lev-
els (Table 10), but each level of reflection had a different
combination of plans (Fig. 3 and Appendix C, Table S3).

Low-level reflections contained more diverse plans
and were more likely to have a combination of plan types
when compared to high-level reflections. However, low-
level reflections were also the only reflections for which
the No plan code was used, albeit at a small rate (Fig. 3).
The most common type of plans in each of the low-level
reflections was Self-reliant (Table 10). Reflections in both
the pre-reflection and surface reflection levels also had
roughly a quarter of the plans focused on Seeking knowi-
edge. What clearly differentiated the two low-levels of
reflection was the proportion of Self-preserving plans,
which was higher in the surface reflections when com-
pared to the pre-reflections.

High-level reflections had limited types of plans and
were dominated by Self-reliant plans (Table 10). Nearly
half of the reflections at the high reflection levels also
included Self-preserving plans. A key distinction between
the pedagogical and critical levels was the much higher
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Surface reflection

SP = self-preserving
SR = self-reliant

O SK = seeking knowledge
nly Other [ |Not Present

Fig. 3 Combinations of plans among the four levels of reflection

proportion of Seeking knowledge plan in the pedagogical
reflections (67% versus 14%, respectively). Indeed, the
critical level had the smallest proportion of reflections
with Seeking knowledge plans (14%); this could be due to
the difficult subject matters broached in the critical-level
reflections which instructors may be hesitant to discuss
with outside sources.

Overall, the data show that regardless of the level of
reflection, instructors rely on themselves to prepare for
the next time they face a similar critical incident. There-
fore, instructors’ engagement in these reflections are not
likely to result in pedagogical growth. Our data indicates
that we need to normalize seeking help from others when
facing challenging teaching situations. A recent study
that qualitatively explored the teaching social network
of STEM faculty had probed help-seeking behaviors of
STEM instructors when faced with issues with their
teaching (Lane et al., 2022). They found that many of the
19 interviewees would only reach out to their discussion
partner if they knew that this instructor had the exper-
tise and experience that was directly related to the prob-
lem they were encountering. This current study and the
Lane et al. study (2022) demonstrate the need to promote
communications among instructors so that they can
learn about the breadth of expertise of their peers, and
thus have resources that they can feel comfortable reach-
ing out to when facing a challenging situation.

[]1-5%
[16-15%
I 16-25%
I 26-35%
W 36-45%

Only Other

Implications

Findings from this study lead to several implications
regarding the promise of reflective practice in promot-
ing pedagogical growth and the research agenda around
reflective practice.

The required inclusion of reflections on teaching
evaluations is likely not enough to promote pedagogical
growth: instructors need to be trained on reflective
practice
This study showed that instructors with limited teaching
experience wrote low-level reflections. Low-level reflec-
tions mean that instructors are not considering their
beliefs and values about teaching, nor educational litera-
ture when reflecting on a critical incident. Our data also
show that instructors are primarily looking inward when
elaborating plans to address future similar situations.
As Henderson et al. (2011) remarked in their review of
the literature on instructional change, it is essential for
instructors to face their beliefs/values around teaching
in order to better problematize their teaching. Moreover,
their self-reliance is unlikely to lead these instructors
towards learning new instructional approaches or ways
of supporting their students. Consequently, the instruc-
tors in this study are unlikely to experience pedagogical
growth as a result of their writing of these reflections.

As indicated in the introduction, reflections are becom-
ing a center-piece of new teaching evaluations and are
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seen as a mean to help instructors improve their teaching
practices (Simonson et al., 2022; The University of Kansas
Center for Teaching Excellence, 2024). Our data suggest
that this requirement alone is insufficient to achieve this
goal and that training instructors is necessary. This is also
in-line with prior research on reflective practice (Belvis
et al., 2012; Dinham et al., 2021; Zahid & Khanam, 2019).
Our data points to the need to train instructors in rec-
ognizing and unpacking critical topics and in considering
students more holistically. Trainings should also provide
instructors with educational resources and trusted net-
works of pedagogically-trained colleagues that they can
leverage to gain insight about their particular situation
and identify strategy to mediate similar future situations.

A more extensive research agenda around STEM
instructors’ reflective practice is needed to design effective
training

This study is one of the first studies to characterize the
nature of STEM instructors’ reflections on teaching. Con-
sequently, more studies ought to be conducted to charac-
terize the generalizability of these results across STEM
fields (we only have physics and astronomy instructors in
this study) as well as a range of teaching experiences and
contexts (e.g., type of course, class size, type of institu-
tion). Extending this research agenda is essential to assist
institutions and teaching and learning centers in the
development of training programs that cater to the need
of the different types of populations of instructors.

Limitations

The exploratory nature of this study limits the generaliz-
ability of the results. Indeed, the sample size is small and
only represents a particular slice of the STEM teaching
professorate (i.e., physics and astronomy assistant profes-
sors). Thus, extrapolation to other STEM and non-STEM
disciplines is not supported. Moreover, the participants
in this study voluntarily chose to attend this pedagogical-
focused workshop. Consequently, they may not represent
typical new instructors in physics and astronomy. Finally,
as reflective practice is inherently personal, it is possible
that participants were not inclined to write about critical
scenarios or to include controversial topics despite the
confidential nature of this study.

Conclusion

This study is one of the first to provide an insight into the
nature of STEM instructors’ reflections on their teaching.
The results show that physics and astronomy instructors
with limited teaching experience are mostly unable to
write reflections at a level that would promote pedagogi-
cal growth. This study thus points to the need to support
and train STEM instructors on their reflective practices,
especially if the intent of the inclusion of reflections in
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teaching evaluation processes is to promote instructional
transformation.
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