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ABSTRACT 

Research suggests that science, technology, engineering, and mathematics (STEM) depart-

ments are a productive unit of focus for systemic change efforts. In particular, they are 

relatively coherent units of culture, and cultural changes are critical to creating sustainable 

improvements. However, the STEM disciplines are often treated as a monolith in change 

literature, and unique aspects of these different disciplinary cultures—and consequences 

for change efforts—remain somewhat underdeveloped. This exploratory study focuses on 

similarities and differences among STEM disciplinary cultures, drawing on data gathered 

from scholars in discipline-based education research who attended two sessions at the 

2017 Transforming Research in Undergraduate STEM Education conference. Our analy-

ses of these data help begin to characterize disciplinary cultures using the theoretical lens 

of four frames: structures, symbols, power, and people. We find preliminary evidence for 

both similarities and differences among the cultures of STEM disciplines. Implications for 

change efforts and future directions for research are discussed.

INTRODUCTION

This exploratory study reports on findings from the 2017 Transforming Research in 

Undergraduate STEM Education (TRUSE) conference, designed to foster information 

sharing and cross-disciplinary collaboration among faculty in discipline-based educa-

tion research (DBER; National Research Council [NRC], 2012). The conference was 

organized to support discussion about systemic change in teaching and learning, an 

elusive goal for undergraduate education in science, technology, engineering, and 

mathematics (STEM) disciplines. For instance, a recent analysis of more than 100 

change efforts underscores the difficulty of achieving such change (Henderson et al., 

2011) and highlights the need for more contextualized theories about how change 

works in STEM departments. Further, this analysis showed that most efforts employ a 

single change strategy. Borrego and Henderson (2014) extended this work by propos-

ing eight change strategies that can be used in various combinations to more effec-

tively promote institutional change.

Decisions that guide a change effort should be informed by an understanding of the 

context in which change is being promoted. Change agents, both those in DBER and 

otherwise, are therefore faced with a complex puzzle, wherein they must understand 

and leverage the context of the department and institution to make meaningful 

change. We define a change agent as anyone who is dissatisfied with the status quo 

and who is seeking to implement reforms in a given context (Dunne and Zandstra, 

2011). A change agent in a postsecondary STEM education context could be a curric-

ulum developer, faculty member, department chair, administrator on campus, or 

any other relevant actor who is working to change instructional practice. Here, we 
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contribute to the study of change in higher education by focus-

ing on comparisons among disciplinary cultures. This prelimi-

nary study provides grist for future research, and we outline 

possible directions for such research in our discussion. Our 

analyses were guided by the overarching goal of understanding 

how similarities and differences between STEM disciplinary 

cultures may be consequential for educational change. The 

TRUSE conference was a useful context for our preliminary 

explorations, because it had the explicit goal of bringing 

together DBER researchers from different disciplines.

Culture is a cohesive force that brings stability to a group’s 

interactions (Schein, 2010). For example, while teaching loads, 

service expectations, meeting norms, and disciplinary identity 

may differ across departments, they tend to be relatively consis-

tent within a single department. Thus, an essential step toward 

designing effective change efforts is a deep understanding of 

departmental culture (NRC, 2012; Kezar, 2014; Froyd et al., 

2017; Stanford et al., 2017). If culture is ignored, given its sta-

bilizing properties, changes are likely to result in quick fixes that 

shortly revert back to the status quo rather than sustainable 

transformation (Reinholz et al., 2019b). Though departmental 

culture is not static, if the current culture and norms in a depart-

ment are ignored, change efforts are less likely to result in 

sustained adoption of the intended instructional practices 

(Henderson et al., 2015; Stanford et al., 2017).

Coined in the 1990s, the acronym “STEM” reflects common-

alities among this set of disciplines that, for instance, distin-

guish them from the humanities (cf. Becher, 1994). This focus 

on commonalities is reflected in the many calls to improve 

STEM education broadly (e.g., President’s Council of Advisors 

on Science and Technology [PCAST], 2012), but it seems likely 

that change theories will be developed that are only modestly 

contextualized if individual STEM disciplines are not taken into 

consideration. In this paper, we add nuance to the view of 

STEM as a monolithic culture by drawing attention to some 

aspects of the unique disciplinary cultures in four STEM 

disciplines (biology, chemistry, mathematics, and physics). To 

elaborate on differences and similarities in these disciplinary 

cultures, we draw on the four frames model of organizational 

culture (Bolman and Deal, 2008; Reinholz and Apkarian, 

2018). This model allows us to attend to differences in the 

organizational cultures of different STEM disciplines, so we are 

able to describe aspects of departmental operations that may be 

consequential for change. Recognizing that departments are 

embedded within postsecondary institutions (e.g., Lee, 2007; 

Laursen, 2016), we acknowledge that some departmental dif-

ferences may result from particular institutional norms rather 

than disciplinary culture.

Guided by these theoretical frameworks, we explored the 

results of two sessions at the TRUSE conference. The data col-

lected from these sessions were intended to provide formative 

feedback to the session organizers, but we chose to analyze 

them more deeply, because they provide insights from DBER 

scholars across a subset of STEM disciplines unpacking their 

disciplinary cultures. Drawing on these data, we begin to 

explore the following research question: How are the cultures of 

individual STEM disciplines both similar and different? Here, 

we offer a preliminary report of similarities and differences 

observed across four disciplines as well as a collection of 

questions that researchers may draw on to understand the local 

culture within a department. We also discuss emergent findings 

from the sessions with regard to aspects of culture that appeared 

to be a function of institution instead of discipline. This work is 

relevant for those engaged in DBER scholarship to understand 

change and change agents seeking to put theory into practice.

BACKGROUND

The need for systemic change in STEM departments is now 

recognized by a number of key institutions across the 

international landscape (e.g., Niss, 2011; PCAST, 2012; 

Commonwealth of Australia, 2015; European Parliament, 

2015). Alongside these calls, the quantity and quality of DBER 

research has increased significantly, resulting in a host of find-

ings regarding students’ conceptual understandings, learning 

processes, instructional strategies, and programs that support 

diversification and success in undergraduate STEM (e.g., NRC, 

2012; Docktor and Mestre, 2014; Freeman et al., 2014; 

Talanquer, 2014; Henderson et al., 2017). Large-scale transfor-

mation of undergraduate educational experiences in STEM has 

not, however, been realized (e.g., Blair et al., 2018; NRC, 2012; 

Stains et al., 2018). This is in part because change agents 

frequently rely on simplistic and implicit models for change 

(Borrego and Henderson, 2014) that are largely ineffective 

(Henderson et al., 2011) and unlikely to result in broad, desired 

changes (Fairweather, 2008; Austin, 2011; Kezar, 2011; Froyd 

et al., 2017). DBER scholars have begun to draw on organiza-

tional science as a means to translate theory into practice, with 

a focus on organizational culture and its relationship to change. 

There has been a rise in calls for the DBER community to 

engage in efforts to enact change in their respective STEM 

fields (e.g., Singer et al., 2013; Docktor and Mestre, 2014; 

Sohoni et al., 2017), and an understanding of the impact and 

variation of STEM cultures on the change process is critical for 

supporting this work.

Change takes place at many different scales, ranging from 

individual faculty (Steinert et al., 2006) to entire postsecondary 

institutions (Elrod and Kezar, 2015). In the middle of this range 

is work that focuses on departments (e.g., American Associa-

tion for the Advancement of Science, 2011; Association of 

American Colleges and Universities, 2014). We focus on depart-

ments as the key unit of change because of their relative inter-

nal coherence in terms of policies (e.g., teaching loads and 

committee structures), norms, disciplinary content, and faculty 

interactions. Moreover, individual departments are generally 

responsible for designing their courses (Quardokus and 

Henderson, 2015) and socializing their students into their 

disciplines (Lee, 2007; Lee et al., 2007), so efforts to impact 

education in, for example, chemistry can be easily located 

within a chemistry department. Departments are relatively 

coherent units of culture and, given the stabilizing function of 

culture, they are important leverage points for sustainable 

change (Reinholz et al., 2019b).

Although departments are relatively consistent in their disci-

plinary cultures, subdisciplines exist within departments that 

may have different subcultures. For example, a mathematics 

department may have scholars of pure mathematics, applied 

mathematics, and mathematics education. While each of these 

groups will have a strong mathematics identity and emphasis 

on logical argumentation, pure mathematicians are most 

likely to prize proof above other groups, while applied 
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mathematicians may focus more on the practical implications of 

research. Similar subgroups exist in other disciplines.

There is no universally accepted definition of culture in the 

organizational change literature (Langan-Fox and Tan, 1997). 

Nonetheless, the various definitions do agree on some of the 

basic issues: 1) culture is stable and resists change, 2) it is often 

taken for granted and works implicitly, 3) it is given meaning by 

an organization’s members, and 4) it consists of a set of shared 

understandings (Langan-Fox and Tan, 1997). To move beyond 

this general characterization, we draw on the four frames 

model to define culture as follows (Bolman and Deal, 2008; 

Reinholz and Apkarian, 2018): Culture is a historical and 

evolving set of structures and symbols and the resulting power 

relationships between people. These four areas—structures, 

symbols, power, and people—are four frames for understand-

ing the culture of a department.

Structures are formal roles, responsibilities, practices, and 

routines. These structures organize who interacts and how. For 

example, department meetings, committees, and peer observa-

tions are relatively stable structures in most departments that 

help faculty members achieve their collective responsibilities. 

However, how these structures are enacted depends on a partic-

ular context (e.g., a department might meet monthly in meet-

ings, or only once per semester; voting could be based on a 

majority or consensus). In this way, how structures are enacted 

relies on other aspects of departmental culture, such as 

symbols.

Symbols relate to beliefs and meaning-making. To make 

meaning, individuals draw on cultural symbols, artifacts, 

language, myths, and values. For instance, faculty members use 

language that is discipline specific (e.g., emergent systems in 

biology and deductive arguments in mathematics), and there 

may be particular stories or events that are crucial to the 

discipline, such as Einstein’s development of the theories of 

relativity. This variation in symbols of a department influences 

how individuals in the department reason and what anchor 

points they have for conversations.

People are the members of a department, with individual 

goals, agency, needs, and identities. For example, tenure-track 

faculty, non–tenure track instructors, graduate students, and 

staff have different needs and goals. Finally, power mediates 

interactions through status, positioning, and political coalitions. 

In this way, the changes taken up in a department depend on 

the sanction of individuals and committees who have the power 

for decision making. 

In addition, culture is historical and evolving; it is grounded 

in the past and will continue to change in the future; that is, 

effective supports for enacting change within a given depart-

ment may change with time. Furthermore, we recognize that 

culture is semicoherent, with each individual in a department 

experiencing culture through these four frames somewhat 

differently than other department members, resulting in indi-

vidual perspectives and subcultures within a department. 

Despite these idiosyncrasies and individual experiences within 

a department, individuals share many commonalities resulting 

from the disciplinary, institutional, and department-specific 

factors within that department.

Our work in this exploratory study focuses on discipline, but 

here we briefly acknowledge the importance of other factors. 

Departmental culture also depends on institutional context 

(Lee, 2007). Institutions differ in a variety of ways, among 

them access (Chetty et al., 2017), religious identity (Mixon 

et al., 2004), funding structures (Levin, 2005), and support for 

students from diverse backgrounds (Hurtado et al., 2011). 

Individual institutions are idiosyncratic and have their own 

policies and norms, such as formal faculty positions and grad-

ing structures (Warren, 1971). Departments themselves also 

have idiosyncratic features such as the “no criticism zone” of the 

mathematics department at St. Mary’s College, MD (Kung, per-

sonal communication, July 27, 2017), which prescribes that 

faculty members should never publicly criticize students. Thus, 

while it is possible to gain deep insight into a department based 

on its disciplinary identity, it is important to consider other con-

textual factors that may impact the departmental culture when 

initiating a department-level change initiative.

There is evidence already that factors affecting change in 

education vary across disciplines (Matz et al., 2018). For exam-

ple, a study of 10 STEM departments in the early stages of a 

university-wide effort to shift instructional practice identified 

both barriers and drivers for change (Shadle et al., 2017). While 

many barriers and drivers were present across departments, the 

relative frequency of their mention by faculty members differed 

by department, indicating that departments at a single univer-

sity can have disparate cultures and benefit from distinct 

approaches to support sustainable change. There is also varia-

tion across DBER disciplinary fields, which has resulted in calls 

for more interdisciplinary collaboration and cooperation to 

understand what can and cannot be translated across disci-

plines to accelerate change in STEM education more broadly 

(Henderson et al., 2017). Our work is part of this interdisciplin-

ary DBER movement as we consider convergent and divergent 

aspects of culture among STEM disciplines. Here, we explore 

similarities and differences among STEM disciplinary cultures 

using the theoretical lens of four frames (structures, symbols, 

power, and people) for systemic change.

THE TRUSE 2017 CONFERENCE

Participants and Setting

Data for this exploratory study were collected during the TRUSE 

conference held in July 2017 at the University of St. Thomas in 

St. Paul, MN. The goal of the TRUSE conference was to inte-

grate DBER across STEM fields by networking DBER scholars 

from different disciplines together at the same conference. The 

meeting was attended by approximately 100 DBER scholars, 

primarily in the disciplines of biology, chemistry, mathematics, 

and physics, with a few participants from other fields such as 

psychology. Because of the focus of the meeting, most attendees 

were from research-intensive institutions.

Sessions and Data Sources

Data for this paper were collected from two sessions at the con-

ference, and IRB approval was received for all research we 

report on. The first was a 1-hour plenary session focused on an 

introduction to the four frames and their application to sys-

temic change. During that session, participants were given a 

brief survey (see the Supplemental Material) asking them to 

describe their disciplines according to the four frames model. A 

total of 78 participants from a variety of disciplines (Table 1) 

responded anonymously to the prompts using a Google Form 

(i.e., an online survey). All participants at the conference were 
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TABLE 1. Self-identified disciplines of respondents to the plenary 

survey

Discipline Number of respondents Percent of respondents

Biologya 12 15

Chemistry 28 36

Mathematics 13 17

Physics 25 32

Total 78 100

aIncludes three respondents who listed anthropology, biochemistry, and 

 entomology.

expected to be present at the session; the majority of those pres-

ent responded to the survey. The original purpose of this data 

collection was for formative feedback on the conference ses-

sion, not a full research study. However, we found that the per-

spectives offered by conference participants were valuable, and 

so we chose to analyze them as a preliminary form of data and 

potential precursor to more robust empirical studies.

The second session was a 90-minute follow-up breakout dis-

cussion targeted more specifically at disciplinary culture. This 

session was run parallel to a number of other breakout sessions, 

so the participants in this session were those who chose this 

particular session out of interest as a follow-up to the plenary. 

This session was designed to have participants think about the 

four frames in more depth and in a small-group setting. Partici-

pants (N = 36) were spread across the four disciplines listed in 

Table 1, with one additional participant from geology.

Participants were divided into seven small groups, each 

composed of members from a variety of disciplines so that par-

ticipants could compare and contrast their disciplines. In this 

session, the participants continued to describe their disciplines 

using the four frames, generating posters about disciplinary 

similarities and differences. After participants generated group 

posters, a gallery walk format was used so that participants 

could interact with each poster. Participants used free-form 

comments as well as positive and negative check marks to indi-

cate agreement or disagreement, respectively, with comments 

on the posters. Afterward, a session-wide discussion ensued.

The data from this exploratory study have not been made 

available to the public.

Identifying Themes

Our initial analyses consisted of R.L.M. and R.C. working inde-

pendently with the data to generate impressions and categorize 

the responses according to the research question: How are the 

cultures of individual STEM disciplines both similar and differ-

ent? R.L.M. worked primarily with the plenary session (survey) 

data, while R.C. worked primarily with the breakout session 

(poster) data. Each data set was reviewed and coded line 

by line into groups within each frame, creating new groups 

and reorganizing them as needed (Charmaz, 2006). Then, 

D.L.R., R.C., and R.L.M. collectively reviewed these interpreta-

tions and came to an agreement over what was represented 

in the data.

Throughout this process of viewing the data from multiple 

disciplinary perspectives, we met regularly to reconcile the 

nature of our approach. For example, we looked for the repeti-

tion of ideas; if a statement was provided multiple times in the 

plenary data, it was included in the analyses, but “one-off” 

comments were not included. Because responses on the posters 

represented a consensus of multiple individuals, they were 

included in the analyses unless other participants had chal-

lenged the responses; we note that many similar statements 

appeared across both the survey and poster data. After collabo-

ratively reviewing our interpretations of the data, we began to 

write themes that summarized the groups of data and would 

eventually form the basis for our reported analyses.

Here, we provide an overview of responses as well as narra-

tive descriptions of the most salient similarities and differences 

provided by respondents. Because respondents had limited 

exposure to the four frames, they occasionally miscategorized 

their responses. In the results, we associated these responses 

with our understanding of the appropriate frame. While institu-

tional differences were not an explicit focus of the sessions, 

some emerged in the findings, so we speak to them as much as 

the data allow.

DISCIPLINARY SIMILARITIES AND DIFFERENCES

Meeting participants reported a variety of similarities (Table 2) 

and differences (Table 3) across disciplines in both the plenary 

and breakout session data. These data show some strong simi-

larities between STEM disciplines. At the same time, the data 

suggest that unique disciplinary aspects may be lost in consid-

ering STEM disciplines as having a monolithic culture. To aid 

change agents working with STEM departments, we catalogue 

here the similarities and differences in disciplines noted by par-

ticipants and describe how they might impact the design of a 

change strategy. To increase the likelihood of sustained adop-

tion of educational innovations, it is important that change 

agents identify different aspects of the instructional system that 

are likely to impact propagation of an innovation (Stanford 

et al., 2016, 2017; Froyd et al., 2017).

Similarities across Disciplines

Respondents indicated that their disciplines had much in com-

mon (Table 2), which is consistent with typical perceptions of 

STEM disciplines. These similarities included structural aspects 

such as large introductory service courses with recitations or 

labs, and symbolic aspects such as the importance of subdisci-

plines and disciplinary representations. There were also similar-

ities in terms of the types of roles people hold in academic 

departments and typical power hierarchies.

In general, respondents were consistent in their reporting of 

similarities across their disciplines. Nevertheless, there were 

two instances in which a single outlier described a feature as a 

difference, while others described it as a similarity. One of these 

instances related to introductory courses, with geology using 

introductory courses for recruitment but other disciplines view-

ing them as service courses that often function as “gatekeepers” 

for other majors. The other difference was a respondent who 

described a department as embracing constructivism, perhaps a 

local idiosyncratic difference and not a disciplinary feature, 

given the relative dominance of the transfer model of teaching 

reported by others.

Structures

Introductory Courses Are Most often High-Enrollment Service 

Courses. A common response in both the plenary and breakout 

session data across all disciplines was that introductory courses 
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must accommodate large student enrollments with a “‘pack ‘em 

in’ model limited only by the number of seats in the room,” 

though participants said that, to some degree, this depends on 

the institution. Physics participants noted that though class 

sizes are large, graduate students usually run recitations in 

smaller sections, and this is often the case in chemistry and 

biology as well. It was also noted that “more advanced courses 

become more intimate” and that sometimes majors have their 

own smaller sections of introductory courses. Further, many 

participants discussed that the student population in these 

courses is composed primarily of nonmajors, which can lead to 

issues with nondepartmental majors influencing the curricu-

lum. For example, a chemistry participant said that introduc-

tory chemistry courses (i.e., general and organic) can either be 

separate for pre–health students and majors or “a course for 

both majors must be broad to incorporate goals for both types 

of students.”

Lower-Division Courses Often Use a Common Curriculum across 

Sections. Large-enrollment courses usually require multiple sec-

tions to facilitate scheduling and fitting students into class-

rooms, and many participants discussed the use of coordinated, 

common curricular materials across course sections. The degree 

of alignment across sections seemed to vary, with chemistry and 

mathematics participants often citing common syllabi, home-

work, and exams, and physics participants citing a required 

common textbook, “committee governance for large classes 

with multiple instructors,” and a codified “canon of what topics 

TABLE 2. Similarities across disciplines

Structures

•	 Student numbers drive the lower-division curriculum.

•	 Introductory courses are typically high-enrollment service 

courses.

•	 Lab/design courses are associated with learning content and 

techniques (for disciplines that use labs).

•	 There are set topics in courses (canon) with some level of 

 coordination for large, multisection courses.

•	 Faculty are expected to pursue and receive outside funding.

•	 Faculty members serve on a variety of committees (e.g., 

curriculum; reappointment, tenure, and promotion).

Symbols

•	 There are meaningful differences across subdisciplines.

•	 The discipline has a reputation as, e.g., rigorous, inaccessible, hard, 

or abstract.

•	 Faculty prioritize needs of 1) own students, 2) closely overlapping 

students, and 3) other students.

•	 Instructors have common beliefs about teaching:

 ◦ Teaching is an individual endeavor.

 ◦ Instructors have pedagogical autonomy.

 ◦ Instruction should focus on knowledge acquisition.

 ◦ The transfer model for teaching dominates.

 ◦ Introductory courses are gatekeepers.

•	 There is an extensive use of representations and symbolic 

 manipulations.

People

•	 Various roles include

 ◦ Chairs/administrators

 ◦ Tenure-track faculty

 ◦ Non–tenure track faculty

 ◦ Staff

 ◦ Postdocs

 ◦ Graduate students

 ◦ Undergraduate students

•	 People coalesce within subcultures (e.g., by subdiscipline, 

by senior vs. junior faculty status).

Power

•	 White men tend to have the most power.

•	 Research status (grants and publications) leads to departmental status 

(e.g., in terms of teaching assignments).

•	 There are academic hierarchies:

 ◦ Research prestige over teaching

 ◦ Traditional areas of research over DBER (some institutional variation)

 ◦ Tenured over tenure-track over non–tenure track faculty

 ◦ Faculty over staff

 ◦ Seniority

•	 Subdisciplines compete for status.

TABLE 3. Differences across disciplines

Structures

•	 Course ownership (by individuals vs. divisions vs. department)

•	 Structure of department (existence of divisions vs. no divisions)

•	 How teaching assignments are made (research/subdisciplinary 

specialty vs. general)

•	 The existence of developmental courses (mathematics vs. others)

•	 How upper-level courses are sequenced

•	 How first-year placement exams are used

•	 Level of collaboration in research

•	 Department management

Symbols

•	 Attitudes toward the discipline—perception as elite (mathemat-

ics, physics, chemistry)

•	 Emphasis on theoretical vs. empirical

•	 Focus of pedagogy (content knowledge vs. application)

•	 Teaching of models, theories, and certainty

•	 Who is prioritized beyond own students/majors

•	 Role of technology in supporting learning

People

•	 Gender balance

•	 Balance between tenure-track and non–tenure track faculty

•	 Support staff (e.g., for labs)

•	 Role of graduate students

•	 Responsibility for service courses (tenure-track faculty vs. lecturers vs. 

adjuncts)

•	 Presence or absence of professors of practice/teaching

Power

•	 Hierarchies between subdisciplines. Some disciplines noted 

“pure” research as more prestigious than “applied” (e.g., math), 

while others were the opposite (e.g., chemistry).
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go in which course.” Breakout session participants agreed that a 

related, common issue in these courses is dealing with pre- and 

corequisite sequencing issues. For example, a change to the 

order of introductory biology courses would likely affect enroll-

ments in prerequisite general chemistry courses.

Common Expectation to Pursue and Maintain External Fund-

ing.  Issues related to research, particularly securing outside 

funding, appeared consistently throughout both the plenary 

and breakout session data and across all four frames. Partici-

pants discussed the typical expectation that faculty maintain 

externally funded research groups with the ability to pay 

graduate student research assistants and other personnel 

from grants. Participants also discussed how inconsistent or 

declining external funding affects not only the individual fac-

ulty member (e.g., teaching responsibilities may be increased), 

but also the department or unit as a whole (e.g., teaching 

assignments can become more tenuous). Research activity 

and, in particular, obtaining outside funding are highly 

valued by colleagues and seen as contributing to prestige. 

While the participants at the conference were primarily from 

research-intensive universities, a disproportionate emphasis 

on research is common even at primarily undergraduate col-

leges and universities, though the expectations for external 

funding are not as high.

Symbols

Differences across Subdisciplines Are Meaningful. Across all of 

biology, chemistry, mathematics, and physics, participants 

agreed that meaningful differences exist between subdisci-

plines. For example, participants discussed “biochemistry versus 

physical chemistry,” “experimental versus theoretical physics,” 

“pure versus applied” (from a mathematics participant), and 

that “biology is fragmented rather than a single discipline that 

has any consensus.” Sometimes the subdisciplines (e.g., experi-

mental and theoretical physics) were noted as complementary, 

but in other comments, the participants either implied or stated 

a difference in rank among subdisciplines. For example, both 

chemistry and physics participants discussed a perception that 

interdisciplinary chemistry and physics are not as “pure” as, 

respectively, research at the molecular level and “traditional” 

physics, in which models for understanding phenomena are 

very precise. Respondents also described the organizational role 

that subdisciplines play in departments in terms of formal struc-

tural divisions, creating subgroups of people, and in power hier-

archies. These responses highlight that, while each discipline 

may have relative similarities in its culture, it is also important 

to consider existing subcultures.

Beliefs about Teaching. Across the disciplines, participants 

reported common beliefs about teaching such as valuing ped-

agogical autonomy, believing in “personal empiricism” (anec-

dotes), and teaching as an individual endeavor, focusing on 

knowledge acquisition and behaving as a “sage on the stage.” 

In valuing autonomy, participants discussed that faculty often 

do not want to teach the same things or teach the same ways 

as one another, regardless of what that means for students 

earning the same credit in different sections of a course. 

Individual beliefs and anecdotes tend to limit productive dis-

cussions about teaching and learning; one participant put it 

succinctly that faculty can be “evidence-based except when it 

comes to teaching.” Further, in some departments, there is 

little formal discussion of teaching at all, based in part on the 

faulty assumption that knowing a subject is all that is required 

to teach effectively.

People

Most Departments Have a Similar Mix of Roles. Respondents 

across both the plenary and breakout session data reported a 

typical mix of roles in their departments regardless of disci-

pline: department chairs and other administrators, traditional 

tenure-track faculty, non–tenure track faculty, support staff, 

postdoctoral research associates, and graduate and under-

graduate students. The non–tenure track faculty group seemed 

to exhibit the widest variation, with many types of roles fitting 

this category. Functionally, these roles include stable and 

contingent teaching faculty, clinical faculty, and research 

faculty, although the associated particular job titles, affor-

dances, and constraints appear to be institution (rather than 

discipline) specific. A few participants specifically noted the 

presence of DBER faculty as a resource for ideas about improv-

ing teaching and learning, but the presence of DBER faculty in 

departments was not a universal theme across disciplines in 

these data.

Power

What Levels and Courses Do Faculty Teach? Participants consis-

tently reported that research-active faculty tend to teach 

upper-division and graduate-level courses, and fewer courses 

overall, while non–tenure track teaching faculty tend to teach 

introductory courses. Course teaching assignments are gener-

ally made using a “top-down model,” in which graduate and 

upper-division undergraduate courses are assigned first, with 

lecturers, visiting faculty, and adjuncts “filling in” whatever 

teaching assignments remain. As research faculty secure more 

external funding, they are “released” from teaching courses, 

and as a research group “winds down,” the principal investiga-

tor is often subject to an increased teaching load. Participants 

also reported higher teaching loads for faculty teaching low-

er-division courses and that a consistent “churn” of instructors 

through introductory courses can make course improvements 

and pedagogical changes at scale difficult.

Social Identity Can Affect Who Has Power in a Department. Par-

ticipants across disciplines reported that different aspects of 

social identity can affect who has power in a department, and 

these data were particularly centered on gender, race/ethnic-

ity, and age. Mathematics and physics participants were 

straightforward, with comments like “mathematics is a highly 

masculinized, white endeavor” and “physicists must code 

male and masculine as much as possible,” implying that phys-

icists who are women or gender nonconforming (e.g., not 

appearing or “coding male” in a traditional masculine way) 

face barriers of not being welcome in the field. Additionally, a 

chemistry participant noted that women instructors may not 

be taken as seriously as men. Seniority was also discussed as 

an influence on power, with older faculty sometimes being 

“stuck in their ways” and having the ability to “shut down” 

younger faculty who are open to new ideas. A mathematics 

participant wrote that visible social markers (e.g., race and 
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gender) may also be a source of prejudice against particular 

faculty members.

Tenured Faculty Are Most Highly Regarded in the Academic Hier-

archy. Participants consistently reported across all disciplines 

that people with formal administrative roles, external funding, 

and tenure have the most power and agency in departments, 

followed by tenure-track faculty, continuing non–tenure track 

faculty, adjuncts and staff, and students. One participant went 

so far as to write that both students and staff have “no power,” 

and others wrote that graduate students can have trouble 

adopting innovative teaching methods because of pushback 

from course instructors. Because it is common for non–tenure 

track instructors and “lower-status” faculty to teach introduc-

tory courses, instructors may limit innovative teaching methods 

to help ensure that students do not complain and that “service 

courses do not become a problem.” Despite being close on the 

perceived “hierarchy,” a mathematics participant wrote that 

“tenured faculty even exert influence over not-yet-tenured fac-

ulty,” and a physics participant noted that “you earn your right 

to power by getting tenure and being top in your research field, 

not by considering students.”

Research Is Valued over Teaching. Consistently across disci-

plines, participants reported that research is valued over 

teaching in terms of awards, job security, reputation, and 

even personal wealth. A biology participant described, for 

example, how research universities compete for faculty with 

medical schools and research institutes, which have very low 

or nonexistent teaching loads, so there is competition for 

teaching loads at universities to be correspondingly low. 

Others described teaching as something that faculty only 

need be “competent” at, whereas in research they have to be 

“stellar,” and that how few courses someone teaches is an 

indirect measure of their research prowess. A mathematics 

participant offered the interesting comment that teaching 

lower-division courses as a service department is merely the 

“price we pay for bigger departments with more hiring lines,” 

meaning that because mathematics departments serve so 

many nonmajors, they are able to hire more faculty to cover 

this high teaching load.

Subdisciplines Compete for Status. Many participants reported 

implicit competition among subdisciplines for prestige (e.g., 

experimental and theoretical physics) and, because of the 

nature of the TRUSE conference participants, the vast majority 

of these comments included comparisons involving DBER. 

Though some institutional variation was noted, most compari-

sons ranked DBER researchers and scholarship as less powerful 

than more traditional subdisciplines. Participants cited DBER 

scholars being perceived as “just there to help with teaching” 

and reported confusion about why a faculty member in DBER 

would need to have a research group with graduate students. 

Some participants noted the close relationship between DBER 

and social sciences contributing to a perception that education 

research is “easy and without standards of practice.” Despite a 

lack of understanding about how DBER faculty conduct 

research, the national conversation about the importance of 

STEM education and scientific literacy has provided some path-

ways for DBER faculty positions.

Differences across Disciplines

Participants also noted moderate to substantial differences 

across disciplines according to the four frames (Table 3). For 

instance, participants described structural differences in how 

courses were assigned and whether certain faculty members 

had “ownership” over courses, as well as symbolic differences 

related to beliefs around teaching in courses. Participants noted 

differences in the representation of department members from 

different groups (e.g., by gender) and that power hierarchies 

between pure and applied fields may differ by discipline. Partic-

ipants further noted some differences that they later decided 

through discussion were more likely to be institutional rather 

than disciplinary.

Structures

Background Required and Expectations for Teaching Assign-

ments. In some disciplines, teaching assignments are frequently 

based on subdisciplinary expertise. The area of preparation 

(e.g., organic chemistry) for a particular instructor would typi-

cally define what courses he or she would teach, though the 

first-year introductory course could be taught by anyone in the 

department. That is, only organic chemists would typically 

teach organic chemistry. Mathematics faculty reported similarly 

that “PhDs and doctorates are valued over MS degrees” and that 

some tension exists around faculty crossing subdisciplinary 

boundaries to teach (e.g., “Do mathematicians have the philo-

sophical background to teach statistics?” “Is statistics even con-

sidered a part of mathematics?”). In contrast, in both breakout 

and plenary session data, participants reported that physicists 

“are expected to be able to teach any core undergrad course,” 

and furthermore, that they typically rotate through these 

courses, corroborating prior work (Chasteen et al., 2015). A 

cheeky participant who identified as a chemist wrote that 

“unlike physicists, chemists do not (and should not) teach any 

and all of the courses in their undergraduate curriculum.” 

Relatedly, some breakout session participants noted their expe-

rience that chemistry and biology courses tend to be owned by 

individuals or divisions, while physics courses tend to be under 

broader departmental control, though participants also 

expressed that this varies by institution.

Level of Collaboration between Faculty. The degree to which fac-

ulty collaborate with one another in research projects appeared 

to differ somewhat by discipline. Biology faculty reported their 

discipline as “very collaborative” and “inherently collabora-

tive,” whereas chemistry and physics faculty described a wider 

range of behavior. Chemistry faculty reported collaboration “in 

small groups” and within various branches of chemistry, but 

fewer cross-disciplinary collaborations. Physics faculty reported 

that “both large collaborations and single investigator modes 

exist” and cited cross-disciplinary collaborations with engineer-

ing departments. Mathematics faculty primarily discussed 

working “as individuals, not in teams” and in “low collabora-

tion” environments, corroborating a study of coauthorship 

networks that found mathematics papers to have the smallest 

average number of authors in comparison with biology and 

physics (Newman, 2004).

Curriculum. Participants perceived less course sequencing 

in upper-division chemistry and biology courses than in 
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mathematics and physics courses. Mathematics was described 

as exhibiting a number of pedagogical and curricular differ-

ences compared with science disciplines: mathematics plays a 

large role in K–12 education, placement exams are typical, 

mathematics departments often offer developmental or precol-

lege courses, and many science courses are associated with cor-

responding laboratory courses, while this is rarely, if ever, the 

case for mathematics courses.

Symbols

Disciplinary Perceptions. Faculty reported different perceptions 

and realities for their disciplines, with biology and chemistry 

comments being somewhat similar and mathematics and phys-

ics comments being somewhat similar. A biology participant 

reported, for example, “math anxiety” and a “social perception 

that biologists are not good at math,” and a chemistry partici-

pant reported that instructors “often use complex mathematical 

concepts and processes but do not have the background or 

depth of understanding to communicate them well when stu-

dents have questions or get stuck.” In contrast, mathematics 

participants reported the perception that “math knowledge and 

intelligence is still largely treated as innate” and a myth that 

“age and gender make a difference, i.e., if you haven’t proven 

anything significant before age 25, you never will.” Physics par-

ticipants similarly reported belief in the “innate genius of prac-

titioners,” a “physics trumps all” mentality, a self-perception of 

being elite, and that “physicists are smart and know everything, 

and also know everything about education.”

Empirical and Theoretical Considerations. Biology and chemis-

try participants almost unanimously reported that empirical 

evidence is most highly valued in these disciplines, whereas 

physics respondents more consistently referred to both “empiri-

cal and theoretical” subdisciplines. Pure mathematics stood out 

as a deductive, rather than empirical enterprise, with mathe-

matics participants reporting that “theory trumps practice,” 

“deductive reasoning is most important,” and that “capital T 

truth (via logical succession) is how mathematicians identify 

results.” Similarly, breakout session participants reported differ-

ences across disciplines in the nature of representations, 

whether the laboratory is central to student learning, and 

teaching about models, theories, and certainty, all of which 

reflect how theoretical and empirical work can be valued differ-

ently.

Pedagogy. Pedagogies that are valued in each discipline were 

reported to differ in some ways. For example, biology partici-

pants reported “lots of emphasis on memorizing the material 

and not much emphasis on application,” and they emphasized 

the importance of the discipline being “jargon heavy.” Chemis-

try participants noted that courses “focus on chemistry knowl-

edge that benefits chemistry majors” but such knowledge may 

not be pertinent to nonmajors, and physics participants noted 

that conceptual understanding is valued only when “accompa-

nied by significant symbolic manipulation or rigorous experi-

mentation.” Mathematics participants emphasized “objective 

grading through focusing on computational procedures and 

final answers” and an “aversion to technology,” stating that 

students should not be able to use calculators in lower-divi-

sion courses.

Specific Models, Frameworks, Languages, and People. Participants 

from the different disciplines naturally cited specific frame-

works, models, languages, and people particular to the area of 

study, such as triangulating between macroscopic, microscopic, 

and symbolic representations (Johnstone’s triangle) in chemis-

try; and a reductionist approach (i.e., toy models and the spher-

ical cow) in physics. Physics participants also repeatedly cited a 

“myth of ‘heroes’ (e.g., Newton and Einstein),” the “great man/

lone genius model,” and a “creepy devotion to a ‘great men’ 

mindset.” Breakout session participants identified physics and 

chemistry, and mathematics to a lesser extent, as having a 

“weapons history” but recognized that faculty in all disciplines 

have to consider the ethics of their work.

People

Instructor Roles. The biology, chemistry, and physics partici-

pants in near unanimity reported that graduate students teach 

laboratory sections and recitation sections for lecture courses 

and that sometimes they serve as teaching assistants (TAs) for 

upper-division or graduate-level courses. Rare exceptions 

included “teaching upper-level laboratories” (chemistry partici-

pant) and teaching “intro courses over the summer, or during 

Fall/Spring if there are funding shortages for faculty” (physics 

participant). In contrast, mathematics participants reported 

that graduate students often teach service courses as instructors 

of record, though “even this group is extremely diverse in that 

we have young master’s students who have just finished their 

bachelor’s and have no teaching experience, and we also have 

fourth-year math education PhD students who may already 

hold a master’s in teaching and have years of experience in the 

classroom as an instructor and student of pedagogy.”

Demographic Variation. Differences in the representation of 

women in the disciplines were reported in both the plenary and 

breakout session data. Biology was reported as being “much 

more gender balanced,” while physics was described as being 

both “all white/male” and as having a “large percentage of 

international faculty.” Mathematics was also reported as being 

male dominated, with chemistry falling somewhere in between. 

Differences in the ratio of tenure-track to non–tenure track or 

contingent faculty also emerged in the breakout sessions, 

although details were not provided as to which disciplines have 

a higher ratio. It is our perception that mathematics tends to 

make the highest use of contingent faculty.

Power. Power is the one frame in which clear differences 

between disciplines did not arise. One tentative idea mentioned 

in both the plenary and breakout sessions is that some disci-

plines, such as mathematics, value “pure” research over applied 

research, while this was not observed in other disciplines. There 

were also reported differences in how decisions get made in 

departments, but these appeared to arise from institutional 

rather than disciplinary differences.

RECOMMENDATIONS FOR CHANGE STRATEGIES

These preliminary findings have potential implications for 

designing and implementing change strategies. Given the tenta-

tive nature of this study, we provide provisional recommenda-

tions for change agents. Participants across the disciplines 

reported a number of similarities regarding instruction in their 
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disciplines: instructors have pedagogical autonomy, instruction 

is teacher-focused, and early courses play a gatekeeping role. 

These beliefs reflect the views of faculty members who are 

content experts and who appear to desire considerable control 

over teaching and learning in their courses (Reinholz et al., 

2019a). For this reason, it is important to give faculty some 

ownership in any change process. Change imposed on faculty is 

not likely to be successful. Instead, faculty should be active par-

ticipants in learning about and adopting new ways of teaching 

(Quan et al., 2019).

At the same time, the participants described a number of dif-

ferences that we conjecture have important implications for 

change efforts. We recognize that other viable recommendations 

can be made from these data but have limited this discussion to 

maintain brevity. To highlight how change agents might approach 

and involve particular disciplines differently, we organize the dif-

ferences from the previous section into tables by frame and disci-

pline (Table 4). We do not suggest that this is a conclusive or fully 

accurate depiction of the culture of each discipline, rather that it 

provides an adequate basis for future work. These preliminary 

data and analyses suggest that these disciplines have meaningful 

structural and symbolic differences. The most notable differences 

in the people frame concern the role of graduate students, with 

mathematics being distinct from other STEM fields. Power 

dynamics do not appear to differ appreciably by discipline. Here, 

we describe two potential strategies as related to three of the 

four frames: structures, symbols, and people.

Background Required and Expectations for Teaching 

Assignments (Structures)

Of particular interest in the structural frame is the nature of 

how teaching assignments are made with respect to the instruc-

tor’s disciplinary background. Physics stands out as a discipline 

in which faculty are expected to be able to teach across the 

undergraduate curriculum regardless of their particular research 

areas or graduate school training, and they regularly rotate 

through different courses (Matz et al., 2018). This expectation 

might lead to different—perhaps more collaborative and dis-

tributed—structures for course ownership in physics compared 

with biology, chemistry, and mathematics and would differen-

tially impact efforts to change physics curricula. For instance, 

compared with other STEM departments participating in the 

Science Education Initiative, the physics department at the 

University of Colorado–Boulder made some of the most exten-

sive revisions to the learning goals and teaching techniques 

used in its courses, and the frequent rotation of faculty mem-

bers was cited as one relevant supporting factor (Chasteen 

et al., 2015). However, it also means that sustained changes to 

instruction in a given course require support from the majority 

of the department rather than a subset of faculty; curricular 

changes might therefore take more time to implement in 

physics than other disciplines.

In disciplines with a stronger culture of stable teaching 

assignments based on subdisciplines, it might be necessary to 

consider the approaches and expectations of faculty who tradi-

tionally teach a narrower range of courses. For example, a 

change agent might need to consider specific differences 

between organic chemistry and physical chemistry to ensure 

that a non–course specific approach would make sense to fac-

ulty in both contexts. In departments in which faculty are less 

likely to teach across the curriculum, it may also be harder for 

instructional approaches to spread across the department, 

because there may be fewer opportunities for “cross-pollina-

tion” through collaborations in teaching. This may require 

TABLE 4. Disciplines characterized by frame

Biology Chemistry Physics Mathematics

Structures •	 Very/inherently 

collaborative research

•	 Courses are somewhat un 

sequenced

•	 Groups of collaborative 

researchers, primarily 

within branches of 

chemistry

•	 Subdiscipline affects what 

courses someone can 

teach

•	 Varied levels of collabora-

tion, some with 

engineering

•	 Any faculty member can 

teach any introductory 

course

•	 Individual research

•	 Courses are highly 

sequenced

•	 Moderate impact of 

background on teaching 

assignments

•	 No/few laboratories

Symbols •	 Mathematics anxiety/

perception that biologists 

are not good at math

•	 Value of empirical 

research

•	 (Generally) an emphasis 

on memorization

•	 Value of empirical 

research

•	 Introductory courses 

designed for chemistry 

majors

•	 Coordinating macro-

scopic, microscopic, and 

symbolic representations

•	 Weapons history

•	 Innate and lone genius of 

physicists

•	 Physics trumps all other 

fields

•	 Conceptual understand-

ing only valuable if 

accompanied by 

procedural skill

•	 Reductionist approach

•	 “Hero worship”

•	 Weapons history

•	 Mathematical ability/skill 

is innate and present at 

an early age

•	 Deductive/inductive 

reasoning valued over 

empirical data

•	 Aversion to technology

People •	 Graduate students teach 

labs and recitations

•	 Graduate students teach 

labs and recitations

•	 Graduate students teach 

labs and recitations

•	 Graduate students are 

commonly instructors of 

record for introductory 

courses

Power No differences reported •	 Pure mathematics more 

“important” than applied
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change agents to consider how to promote exchange of experi-

ences and support if instructors are teaching different courses. 

This consideration is particularly important, as change efforts 

are more likely to succeed if they impact the culture of depart-

ment as a whole, rather than being siloed within small parts of 

the department (Reinholz et al., 2019b).

Level of Collaboration between Faculty (Structures)

Participants noted how these STEM disciplines differ in terms of 

how collaborative the research tends to be. For instance, disci-

plines differ in how many authors are likely to be present on a 

single publication (Newman, 2004; Bozdogan and Akbilgic, 

2013); some collaborative physics research is conducted in 

immense research teams, including, for example, more than 

5000 authors on a single paper (Aad et al., 2015). Given that 

disciplines such as physics, biology, and chemistry may be more 

collaborative in research, it may be easier to translate these 

types of collaborations to the settings of teaching, learning, and 

institutional change. In contrast, mathematics (especially pure 

mathematics) tends to be less collaborative, so additional effort 

may be required to build collaborations between mathemati-

cians in a department. This pattern suggests that change efforts 

in mathematics departments may need to invest additional 

effort into building collaborative structures, whereas other 

STEM departments may have more access to leveraging exist-

ing structures and collaborative habits.

Disciplinary Perceptions (Symbols)

The STEM disciplines differ considerably in terms of their 

societal perceptions. Both mathematics and physics are collo-

quially considered to be disciplines for “geniuses” (i.e., people 

having innate brilliance), which has been shown to reduce 

diversity in those fields (Leslie et al., 2015). The common 

myth that mathematicians must do their best work while 

young, or not at all (Hardy, 1940), reinforces a fixed mindset, 

which posits that intelligence is largely innate, rather than 

developed through hard work (Dweck, 2006). This perspec-

tive has serious pedagogical implications. From the fixed per-

spective, it is the job of an instructor to support the “strong” 

students to be successful while simultaneously “weeding out” 

the weaker students. This ideology is largely inconsistent with 

research in STEM education reform and equity (Ladson-Bill-

ings, 1995). Yet, because of the prominence of these ideolo-

gies in fields that have ingrained narratives about brilliance, 

educational change will require grappling with these deep-

rooted ideas about how students learn, and who can learn 

mathematics or physics. These perceptions imply that an effort 

to introduce new teaching practices in physics or mathematics 

might need to be paired with a corresponding effort to change 

perceptions about students, the nature of learning, and narra-

tives about intelligence.

Empirical and Theoretical Considerations (Symbols)

A noted key difference in terms of symbols is that pure mathe-

matics is deductive rather than empirical, indicating that how 

mathematicians think about evidence at the disciplinary level 

appears to be unique within STEM. Mathematicians talk about 

ideas such as “existence proofs” for change or wanting irrefut-

able evidence, whereas those in science disciplines may be bet-

ter positioned to think about the nuances of data collection and 

analysis, because empirical study is part and parcel of what they 

do in their everyday work. These differences might have impli-

cations for change efforts, because mathematics departments 

may respond to evidence (or even data-driven design) differ-

ently than science departments. Research on persuasion shows 

that the influence of evidence on beliefs is situational (i.e., 

under some circumstances, individuals are more likely to be 

convinced by evidence rather than other factors), suggesting 

that the value attributed to empirical evidence may reasonably 

differ by discipline (Petty et al., 1981; Petty and Cacioppo, 

1986). Another unique factor of mathematics departments is 

their emphasis on “problem solving,” which may make them 

less likely to engage with change processes focused on generat-

ing shared visions for an outcome to be achieved, in contrast 

with the more typical view of finding problems and making sure 

they are addressed (Reinholz et al., 2019c). These differences 

indicate that it may be useful for change agents to determine 

what would serve as necessary and sufficient evidence to 

encourage instructors in a department to change their instruc-

tional practices.

Instructor Roles (People)

One commonality across the STEM disciplines surveyed is that 

they tend to have large-enrollment introductory courses. These 

courses serve a large number of students, both majors and non-

majors. They also serve as an entry point into STEM majors and 

so play a critical role in student persistence (PCAST, 2012). For 

these reasons, change in introductory courses can have a large 

impact (Matz et al., 2018), which is why these courses are a 

typical focus for change efforts. Finally, introductory courses 

often have some structure for coordination across multiple sec-

tions with multiple instructors, graduate TAs, and undergradu-

ate learning assistants. A coordination structure is a powerful 

leverage point for supporting collaboration and sustainability of 

educational improvement, because the change does not reside 

in the practice of a single individual (Mestre et al., 2019).

However, differences in who is assigned to teach these 

courses could reasonably impact the selection of appropriate 

change strategies. Graduate students in science disciplines 

tend to teach discussion or laboratory sections of large-enroll-

ment courses; graduate students in mathematics are more 

likely to be the instructor of record for one or more sections of 

a multisection introductory course. This practice has implica-

tions for the degree and nature of TA training required for 

sustained changes in instructional strategies and affects who 

has the authority to make decisions regarding instructional 

practice. Graduate and undergraduate students teaching labo-

ratory sections generally have very little voice in curricular 

decisions and primarily focus instead on supporting and mon-

itoring students. This suggests that changes in laboratory 

instruction, particularly in institutions that rely on TAs, must 

consider issues related to TA training and buy-in in addition to 

supporting instructors. For changes that would primarily 

impact discussion, change agents must determine their target 

audience (course instructors, TAs, both) and the differing 

ways to reach and support them. In cases in which graduate 

students are the instructors of record, in addition to convinc-

ing them to adopt strategies, support must also be provided to 

ensure that these adopters will have buy-in from others with 

more power in the department. Departments must also have 
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adequate resources to provide appropriate professional devel-

opment opportunities for these novice instructors to effec-

tively implement evidence-based strategies where they are 

responsible for more aspects of the course.

Demographic Variation (People)

While all of the STEM disciplines struggle with diversity in both 

the faculty and student populations, some disciplines struggle 

more than others. For example, there are considerably more 

women faculty in the life sciences as compared with the physi-

cal sciences or engineering (National Academy of Sciences, 

2007). At the same time, research shows that, when instructors 

and students are aligned according to a variety of demographic 

characteristics such as gender and race, it improves student out-

comes (Dee, 2004) and experiences (Egalite and Kisida, 2018). 

When students have instructors who are more “like them,” this 

provides them with instructors who can more easily serve a role 

models and who also are more likely to understand the particu-

lar racialized or gendered experiences of the students.

Given the general lack of diversity in STEM, this systemic 

problem creates a challenge for supporting and diversifying the 

population of STEM students. This problem will be especially 

profound in disciplines such as engineering and computer 

science, where there is striking homogeneity in the faculty 

population, and suggests that additional effort around training 

to recognize implicit bias and develop cultural competence may 

be needed to support faculty learning in such disciplines. While 

similar development would still be beneficial, for instance, in a 

life sciences department, building on the existing (relatively 

greater) diversity provides an entry point for working with 

students.

LIMITATIONS

These results, as noted previously, are based on comments from 

a self-selected group of DBER researchers who attended the 

TRUSE conference. While our respondents were relatively 

evenly spread across certain STEM disciplines, we did not have 

respondents from all disciplines (e.g., computer science, all of 

the earth sciences, and the array of engineering disciplines), so 

we do not claim that these findings represent all STEM disci-

plines. Given that our data were collected primarily from DBER 

scholars at a research-focused conference, our sample is further 

biased toward research-intensive institutions and faculty with a 

deep interest in teaching and learning. There are also limita-

tions to the poster data: handwritten comments were inter-

preted out of the context of the group discussions (though with 

the aid of field notes), and one differences poster was lost in 

data collection.

There are also ideas for which we have data from members 

of some disciplines but not all (e.g., the extent to which intro-

ductory courses are sequential). These notions of disciplinary 

differences suggest the utility of future work to better catalogue 

differences and similarities in disciplinary cultures and to 

investigate the implications of those differences in relation to 

teaching, learning, and change in STEM fields. Thus, we 

acknowledge that these are preliminary results, not intended to 

reflect a full study. For these reasons, the generalizability of our 

findings is limited. Still, we contend that these are compelling 

data that provide grist for future research, and we provide 

examples of questions that would support such research in 

Table 5. We elaborate these future directions in the following 

section.

In addition to disciplinary differences, it emerged through 

discussions and notes on the posters that some differences were 

likely institutional or departmental in addition to disciplinary. 

The institutional differences noted by participants included: 

course ownership, use of placement exams, collaboration, 

departmental management, and the existence of teaching pro-

fessors (or professors of practice). This list is far from exhaus-

tive, because institutional differences were not the focus of the 

session. Nevertheless, the brief discussions from participants 

highlight that institutional differences are an area of focus for 

future work.

RECOMMENDATIONS FOR RESEARCH

As suggested by our results, the STEM disciplines surveyed in 

this paper appear to share a variety of common characteristics. 

At the same time, there are also apparent differences across dis-

ciplines that warrant deeper investigation. For instance, a 

change agent who is familiar with mathematics may be sur-

prised to encounter the somewhat more collaborative nature of 

a biology department, the specific subdisciplines of chemistry, 

or the rotation of faculty teaching courses in physics. We pro-

vide a short sample of preparatory questions in Table 5 to help 

change agents work across disciplines and probe departmental 

context and culture.

TABLE 5. Questions for understanding disciplinary culture

Structures

What are the teaching loads?

Who “owns” courses?

What types of courses exist?

How does recruitment take place?

How often do people meet?

What are the committee types/structures?

Symbols

What subdisciplines exist?

What societal narratives exist?

What is the view of intelligence/learning?

Are there standards or accrediting bodies?

Is the work empirical/deductive/design?

What are the disciplinary settings?

People

Who are typical students in the major?

What is the role of TAs?

Who teaches introductory courses?

What is the diversity of faculty?

What are the goals of students/faculty?

What is the nature of collaboration?

Power

What is the status of subdisciplines?

What is the status of research vs. teaching?

Who gets to vote?

What is the role of “superstars”?

What is the status of education?

How do committees influence governance?
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In addition to supporting investigation of disciplinary differ-

ences, these questions might be used to understand more about 

departmental and institutional idiosyncrasies, support sustain-

able change by helping to uncover relevant aspects of culture, 

and thus support external change agents by helping them 

understand other departmental cultures. These questions can 

support internal agents by helping them better recognize the 

unique strengths of their own departments.

These preliminary findings suggest various productive areas 

for future research. For example, we have hypothesized a num-

ber of possible strategies that may work more or less effectively 

with particular disciplines, and it would be valuable to the com-

munity to more deeply explore the use of particular strategies in 

different disciplines. Apropos to this, we offer the following 

research questions:

1. Which change strategies work most effectively in particular 

STEM disciplines?

2. What would be required to leverage discipline-specific ways 

of thinking and change strategies that have been developed 

in one discipline to affect another discipline?

3. What change strategies are effective generally across disci-

plines yet customizable to the specific context of an individ-

ual disciplinary department?

CONCLUSION

This conference report provides three key insights. First, STEM 

disciplines cannot always be adequately treated as having a 

monolithic culture; these data highlight differences between 

disciplines that may have important implications for change 

efforts. While previous studies have contrasted STEM with the 

humanities and social sciences (Becher, 1994; Lee et al., 2007; 

Kezar, 2011), differences in the adoption of evidence-based 

teaching strategies have also been observed across STEM 

disciplines (Lund and Stains, 2015; Shadle et al., 2017). These 

and other studies have indicated the importance of consider-

ing the contexts that influence faculty decisions, including 

departmental culture. Our use of the four frames model 

pushes the field forward by elaborating some of the poten-

tially meaningful differences between STEM disciplinary 

cultures. For any change agent interested in working with 

STEM departments, these analyses provide a starting place for 

considering the different disciplines they may work with and 

how their approaches to change might differ by discipline. 

Second, this work draws attention to some key ways in which 

disciplines are similar. Third, even without a full classification 

of different STEM disciplines, this paper suggests potentially 

useful questions for understanding departmental culture. 

These questions may be useful, because even with a general 

description of disciplinary culture and institutional types, fur-

ther inquiry is always helpful, given the uniqueness of each 

department. This process of inquiry also plays a role in the 

change process, because it is a means of showing interest in a 

department and beginning to build trust within the local 

community.
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