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Abstract: Current STEM workforce issues and retention problems faced by postsecondary
STEM education have renewed research efforts in this arena. A review of literature on STEM
professors indicates that although this population reports difficulties integrating teaching and research
responsibilities, there have not yet been any qualitative studies conducted to deeply investigate the
complexities of managing teaching, research, and service. This work utilized a set of four
phenomenological case studies conducted over a 10-month period to address the following research
question: How do individuals in a sample of tenure-track science professors prioritize teaching
among their other professional roles and responsibilities? Contrary to literature speculation, the
results of this study indicate that the participants make decisions about the way they allocate limited
time in an unlimited work environment based on their intrinsic, personal career goals and aspirations
and appear to be only minimally affected by external pressures to “prioritize research over teaching.”
Furthermore, all of the participants in the study indicated that other than research training, they
received little to no preparation for their jobs. These findings provide discipline-based education
researchers with points of interest for further study and provide professional development
stakeholders with data for the design of educational support programs. # 2017 Wiley Periodicals,
Inc. J Res Sci Teach 54: 937–960, 2017
Keywords: professional development; science teacher education; sociocultural issues; teaching context;
case study

A potential shortage of science, technology, engineering, and mathematics (STEM)
professionals from the future American workforce is now recognized (President’s Council of
Advisors on Science andTechnology, 2012), although themagnitude of the problemvaries among
STEMfields (Bureau of Labor Statistics, 2015). Someworrisome statistics suggest that American
universities might not be able to provide a sufficient number of STEM graduates to keep up with
this projected demand. Fifty percent of students who begin a degree program in the sciences and
60 percent of students inmathematics drop out of STEMfields by their senior year, comparedwith
30 percent in social sciences and humanities (Committee on Science and Technology, 2010).
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Correspondingly, the United States has recently ranked 27th among 29 developed countries for
proportion of students receiving undergraduate degrees in STEM fields (“Rising Above the
Gathering Storm”Committee, 2011).

In light of these pressures, there is new interest in attracting and retaining STEM students in
higher education, and a general consensus emerging about how science should be taught:

! Research on STEM teaching and learning supports a curricular emphasis on discipline-
specific practices and greater attention to principles that cross disciplinary lines.

! Current and prospective STEM faculty need professional development to learn about and
enact research-based pedagogical practices.

! STEMcolleges need support to transform teaching practices (including assessment) into
onesmore closely alignedwith research on teaching and learning.

! Proposed changes will only take place in environments supported by administration
(“top-down”) and facultymembers (“bottom-up”).

These developments point to a need for more research on interventions that might improve
STEM faculty teaching practices at the college level, but developing interventions and
understanding their effects is predicated on better understanding professors’ values, beliefs, and
priorities, aswell as their origins.

The Link to Teaching Practices

Compared to their classmates, freshman STEM majors are not only more likely to change
majors, but also towithdraw from college altogether (Higher Education Research Institute, 2010).
Seymour and Hewitt (1997) showed that a staggering 90% of students leaving STEMmajors cite
poor teaching as one of their concerns, motivating educational researchers to investigate the link
between teaching quality and retention. Alternatively, STEM professors actively engaged in
improving undergraduate education argue that it is not necessary to establish that traditional
teaching practices contribute to student attrition; teachers have a responsibility to respond to a
growing body of research on the science of teaching and learning by modifying their practices
(Bradforth et al., 2015; Eddy&Hogan, 2014; Freeman et al., 2014).

Reasons for the persistence of traditional teaching at the college level remain speculative in
the literature. The Association for American Universities proposed that institutional emphasis on
research over teaching could partially explain this phenomenon (Association of American
Universities, 2011). In one survey of university professors, 48%of respondents indicated that for a
new professor hire, “a star researcher with significant research publications but who has no
significant teaching experience” would be favorable over applicants with either balanced
teaching/research experience or a “superb teacher[s]. . .with no significant research projects”
(Savkar & Lokere, 2010). Forty-one percent of respondents felt that their institutions valued
research over teaching. Surprisingly, 77%of respondents in the same survey reported that teaching
and research were equally important missions of their schools. One might speculate that
institutions view teaching as an easily attainable skill, a craft best learned by informal professional
development, or something best emphasized by faculty in other fields (or non-tenure positions in
the sciences). Other reports suggest that professors do believe that their institutions prioritize
research over teaching (American Association for the Advancement of Science, 2011, 2015;
Anderson et al., 2011). Bradforth et al. (2015) added that “research universities rarely provide
adequate incentives, support or rewards for the time that faculty members spend on improving
teaching.” As issues of postsecondary education culture are highlighted in the literature, there is a
need to deeply investigate their nuances to inform further research and practice.
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Sociocultural Theory

This research explores the professional experiences of four tenure-track science professors at
an R1 (highest research activity) university. The work is informed by a sociocultural
understanding of theway individuals experience theworld. Participants are not viewed as isolated
subjects but rather as members of complex social settings with rich personal histories and
connections. Sociocultural theoretical frameworks originate from the work of Vygotsky (1978)
and posit that people learn and develop through interactions embedded in social and cultural
activities. Such activities take place within “communities of practice” (Lave &Wenger, 1991) in
which new members of communities “legitimately and peripherally participate” in culturally
valued activitieswith the purpose of preparing them for “mature participation” (Rogoff, 1995).

Rogoff (1995) describes sociocultural activity from three different but connected perspec-
tives, which she calls “planes of focus”: apprenticeship, the community/institutional plane of
focus; guided participation, the interpersonal plane of focus; and participatory appropriation, the
personal plane of focus. A science professor might act as an apprentice within her department
when she asks a colleague for advice. However, in her research lab, shewould likely be acting as a
mentor to undergraduate and graduate students, post-doctoral researchers, and other personnel
who are then her apprentices. Guided participation refers to the “direction offered by cultural and
social values, as well as social partners” (Rogoff, 1995, p. 60). The cultural and social influences
for science faculty conceivably range from departmental and institutional norms to peer and even
student expectations. With respect to teaching, “participation” is problematic because professors
do not typically experience each other’s teaching, but tend to only hear or understand cultural
norms anecdotally and by reflecting on their own prior experiences as students. Finally, Rogoff’s
participatory appropriation represents “how individuals change through their involvement in one
or another activity” (p. 60). Rogoff emphasizes the importance of timewith respect to this concept.
One should not view the past, present, and future as discrete periods; rather, the past informs the
present,which guides individuals towards the future.

The Relationship Between Teaching and Research

An oft-discussed aspect of tenure-track science professors’ professional lives is the
relationship between their teaching and research roles. Work that examines this construct tends to
focus on the concept of balance between these two components, particularly with respect to time
management. There is general agreement in the literature that professors typically experience a
tension between these two components of their career, but it is much less clear how or even why
that tension is felt. Existing research suggests that science professors feel pressured to emphasize
their research over their teaching. In one study described earlier, which surveyed 450 university
science professors who had both research and teaching responsibilities, Savkar and Lokere (2010)
concluded that “although scientists personally value education as much as research, they
frequently align their decision making, both for themselves and on behalf of their departments,
with the needs of research rather than those of education” (p. 3).

Other research suggests that professors find it challenging to give what they consider to be
adequate time and attention to their teaching due to the cultural climates of research universities
(Anderson et al., 2011). Typically, researchers speculate that this imbalance is due to institutional
emphasis on research productivity, especially with respect to promotion and tenure (Bradforth
et al., 2015; Leslie, 2015; Light, Calkins, Luna, & Drane, 2009; Wright, 2005). One particularly
poignant account was coauthored by thirteen scientists who had all received science education
funding from the Howard Hughes Medical Institute (Anderson et al., 2011). The individuals
worked in awidevariety of institutions of higher education, yet all of them reported that the reward
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systems “heavily weight efforts of many professors toward research at the expense of teaching,”
and that “departmental and university cultures often do not adequately value, support, and reward
effective pedagogy” (p. 152).

In a 2010 review of literature looking at faculty performance standards at research
universities, it was found thatmany factorswere strongly influenced by discipline (Hardr!e, Cox,&
Kollmann, 2010). For example, STEM evaluations focused heavily on items that could be
measured quantitatively, explicitly defined “scholarship” as “research,” and in some cases
“warned candidates against letting service or other pursuits get in the way of research
productivity” (p. 9). The NRC Discipline-Based Education Research (DBER) report similarly
acknowledges that science and engineering faculty engaged in educational (as opposed to physical
or natural scientific) research will face challenges associated with promotion and tenure
committees that might not value time spent engaging in DBER activities, evenwhen they result in
science teaching and learning publications (National ResearchCouncil, 2012, pp. 40, 188).

This apparent conflict between some professors’ professional preferences and those of their
departments generates questions about how professors actually prioritize and balance their many
responsibilities within research institutions, especially with respect to developing high-quality
teaching programs in a research-centered culture. Over the last two decades, research on
professors’ diverse research and teaching responsibilities has begun to accumulate. Some
quantitative studies seek correlations between teaching excellence and research productivity, but
this work reports a range of findings (Hattie & Marsh, 1996; Horta, Dautel, & Veloso, 2012;
Hurley, Bowling,Griffiths,&Blair, 2013;Marsh&Hattie, 2002; Zaman, 2004).

Hattie andMarsh (1996) explained in ameta-analysis of 58 quantitative studies that there are
multiple theoretical models that can be used to explain “many possible permutations relating the
quality of teaching and research” (p. 508, also see Cherastidtham, Sonnemann, & Norton, 2013;
Zaman, 2004). A scarcity model, for example, would assume that given limits on available time
and resources, teaching and research activities are necessarily oppositional. Alternatively, Hattie
and Marsh describe theoretical models that support the idea that teaching and research are
synergistic activities. The conventional wisdommodel suggests that teaching and research should
be complementary, and theGmodel associates similar personal and professional valueswith good
teaching and good research: “high commitment. . . creativity. . . investigativeness, and critical
analysis” (Hattie & Marsh, 1996, p. 512). In support of zero correlation between research and
teaching, Hattie and Marsh describe an unrelated personality model (opposing the differential
personality model) in which good researchers and teachers are “different types of people, and
theremay be fewpersonality traits in common” (p. 514).

In contrast, a different enterprises model explains that research and teaching are driven by
different, not necessary oppositional or cooperative, goals and professional traits. Such a model
does not assume teaching and research must have an absolute relationship; that is, the two
activities may be mediated by a host of variables. For example, Marsh’s (Marsh, 1979, 1984)
compensatory model argues that whereas some components of a professor’s job, such as time
spent on teaching and time spent researching, are oppositional, a positive relationship between
other variables might compensate for that loss in time. Similarly, Friedrich andMichalak’s (1983)
intervening variables model posits that some variables such as knowledge, ability, intellectual
involvement, organization, and others can intervene and alleviate tension between research and
teaching. The case studies described herein support the adoption of a different enterprise model,
thoughmore data is needed to favor one over the others.

In addition to the work already described, a number of studies discuss aspects of professors’
multiple responsibilities. Colbeck’s (1998) study used observation and activity logs to measure
the amount of time professors spend integrating teaching and research activities. The study did not
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probe the complexity of professors’ goals when engaging in various activities, nor did it address
the reasons behind those goals. Some accounts (e.g., Russell, 2009) on the multiple roles that
science professors take on are autobiographical and do not draw upon any formal research
techniques. Barrett andMilbourne’s (2012) regression analysis of data from 37 public Australian
universities reports that research environment (measured by research output, income, etc.) has “a
negative effect upon perceptions of good teaching. . .[and] a positive effect on. . .full-time
employment, progress rates and retention rates” (p. 77). The work did not, however, propose
explanations for why such relationships exist or how they are experienced by individuals in
Australian universities. Gess-Newsome, Southerland, Johnston, and Woodbury (2003) studied
three science professors creating and implementing a novel curriculum; this study primarily
examined the conditions required to support change in professors’ teaching belief systems.
Indeed, a host of similar studies might be described (Figlio, Schapiro, & Soter, 2015; Galbraith &
Merrill, 2012; Hurley et al., 2013). Each in its ownway contributes to the field’s understanding of
professors’ careers, but they lack the deeply descriptive power of case study or ethnographic
analysis.

Purpose of the Study

It is clear that educational stakeholders in the United States have a strong desire to increase
the number of college students entering and being retained by STEMdisciplines. Professional and
government agencies agree that the quality of university science teaching is a priority for targeted
improvement. Furthermore, STEM professors who publish educational research and commentar-
ies on postsecondary STEM education assert that their peers should implement research-based
teachingmethods as amatter of professional excellence. To that end, educational researchersmust
begin to investigate newways to train and support STEMprofessors as teachers. A logical starting
point for the thoughtful design of pedagogical interventions is a thorough understanding of the
current state of professors’ professional lives. This study contributes to gaps in the literature by
gaining a holistic understanding of professors’ professional lives. This research addresses this
question: How do individuals in a sample of tenure-track science professors prioritize teaching
among their other professional roles and responsibilities?

Methods

Research Site

The research site, dubbed “Large University” (LU) herein, is described by the Carnegie
classification system as a large, 4-year or above, public R1 institution in a primarily residential
area.1 Participants referred to the large student population and apparent homogeneity of
individuals on campus and explained that while most people on campus are “white,” there is a
range of socioeconomic statuses (from very poor to very wealthy). Participants also emphasized
the scientific excellence of their university. For example, one participant highlighted that “many
of our science departments are very highly rated” [Ben, Interview 4],2 with chemistry ranking
among the top 25 in the United States. The same participant explained the prominent role sports
play inLU’s culture, citing statistics about the size of one of the campus’s sports venues.

Participants

This research generated case studies of four participants: Henry, Ben, William, and Pierre
(pseudonyms). Inclusion criteria for participants in this study were as follows: (1) tenure-track
science (physical or natural, pure or applied) professor; (2) leader of physical or natural science
research group composed of at least two researchers (post-doctoral researchers, graduate students,
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or undergraduate researchers); and (3) teacher of at least one physical or natural science class
during the initial data collection phase of the study (Spring, 2015). For this study, “tenure-track”
was defined as pursuing or having already attained tenure within the professor’s current job. This
study did not attempt to focus on pedogically innovative professors, as the goal was to describe a
range of cases, whatever they may be, without assuming any degree of pedogical interest or
innovation.

Participants were selected in three stages. First, a solicitation with a brief description
of the project’s goals and time commitment was emailed to 50% of the tenure-track
faculty members (randomly selected) within each department of the college of science at
LU. Next, purposive sampling was utilized by contacting potential participants known by
the first author to have expressed an interest in educational research. Only one of the final
four participants (Henry) was a result of this purposive sampling. Though this study did
not seek to focus on pedagogical innovation, Henry was selected in order to provide an
opportunity for possible points of contrast to arise in the cross-case analysis. From the first
two recruitment steps, 13 individuals (11 men and two women) agreed to further discuss
the project. One woman was disqualified as she was not going to be teaching classes
within the project’s timeframe.

Initial meetingswere conductedwith each of the 12 potential participants. The one remaining
woman in the pool elected not to participate due to concerns related to confidentiality and
promotion. From the remaining eleven professors, a range of subjects was chosen to “select cases
that show different perspectives on the” professional experiences of science professors (Creswell,
1998, p. 62). The initial six participants exhibited a variety of scientific disciplines, years of
experience, and progress through the promotion process. None of the participants voluntarily
withdrew from the study, but two of them were subsequently dropped due to scheduling
difficulties. Thus, four cases will be described herein. All four of the final participants in this study
described themselves aswhitemen. This lack of gender and ethnic diversitywas not an intentional
feature of thiswork.

There were no special efforts made to recruit individuals from underrepresented
groups of faculty for this project. Underrepresentation among science faculty is an active
area of research (Ceci, Ginther, Kahn, & Williams, 2014; Kaminski & Geisler, 2012;
National Science Foundation, 2016; Sheltzer & Smith, 2014; Shen, 2013; Williams &
Ceci, 2015), and future work will include targeted recruitment of female and other
underrepresented participants.

Interview

Each participant engaged with the first author in four 90minute interviews (for a total
of 7.5 hours) over the course of 10 months. The first three interviews followed (Seidman,
2006) “in-depth, phenomenological interviewing,” a combination of “life-history intervie-
wing. . .and focused, in-depth interviewing informed by assumptions drawn from phenome-
nology” (2006, p. 15). In this strategy, three 90minute interviews are conducted 3–7 days
apart. Occasionally, more than 7 days passed between interviews when it was necessary to
accommodate for participants’ schedules. The first interview focused on the professional
and personal histories of the participants. The second interview focused on the current
concrete professional experiences of the participants. The third interview asked the
participants to reflect on the meanings of the experiences discussed in the first two
interviews. After the first question of each interview, subsequent queries were derived from
the participant’s words rather than the researcher’s hypotheses. Thus, interviews began
with prompts such as, “How did you come to work at this university?” Follow-up prompts
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sought clarification or further exploration of participants’ ideas. Examples of follow-up
prompts include:

! Asked after a participant mentioned tenure: “Can you tell me more about the process of
applying for tenure?”

! Asked after a participant used the phrase “different types of schools”: “Can you tell me
what youmeanby ‘different types of schools?’”

Additionally, “contrast questions” were asked to explore relationships between constructs
(Spradley, 1980). Examples of follow-up contrast questions are as follows:

! “You mentioned that there is a difference between expert and novice learning. Can you
talkmore about that?”

! “You’ve mentioned two identities so far, astronomer and engineer. What are the unique
aspects of an astronomer versus someother type of scientific identity or career identity?”

The fourth interview took place at the conclusion of the study and allowed for follow-up from
thefirst three interviews andmember checking preliminary results (Maxwell, 2013, p. 126).

The first three interviews were audio-taped, transcribed, and coded for all participants.
Follow-up interviews were not recorded or coded because the intent of the interview was
to confirm or clarify the study’s conclusions. Field notes were taken throughout all four
interviews.

Observation

Participants were observed engaging in professional activities on up to 10 occasions.
Each observation lasted one half to two hours and involved either a class session or
research group meeting. The first author completed four observations in each category
(teaching and research) for each participant, and a fifth observation for each category was
completed if theoretical saturation had not been reached. Observations were informed by a
guide based on the research question and unique data for the participant being observed
(Mason, 2002). A typical observation guide asked: “In what activities is the participant
engaged? With whom is the participant interacting? What is the participant’s demeanor?”
During observations, field notes were hand written and subsequently transcribed and
expanded. Field notes included: initial impressions and photos of the observation setting,
notes on significant or unexpected occurrences, direct quotes from participants, and initial
analytical ideas (Emerson, 2011; Spradley, 1980). Observations were not video- or audio-
recorded in order to minimize interference with the regular activities of participants. The
primary purpose of observation data was to triangulate and corroborate claims made by
participants during interviews.

Document Collection

Before the study began and again during follow-up interviews, participants were asked
to provide documents they felt were pertinent to their jobs. Publicly available documents
were also retrieved. Examples include: graduate school, job, and award application
materials; partial tenure dossiers (within the scope of confidentiality limitations);
publications; syllabi; lecture notes and slides; personal and professional websites and
blogs; and departmental, college, and university statements on teaching and research.
Documents were coded and utilized for data triangulation.

Journal of Research in Science Teaching

TEACHING AND RESEARCH AT A LARGE UNIVERSITY 943



Data Analysis

The software NVivo 10 forWindowswas used for the transcription, storage, and organization
of field notes, interviews, documents, and photographs. Data were coded by the first author, and
NVivo was used to organize codes and theoretical memos. Categorical coding was utilized to
answer and generate analytic questions, deconstruct data to manageable parts, uncover themes
within and among cases, and contribute to answering the research question. In the tradition of
phenomenological research, targeted coding was not utilized to answer the research question.
Coding procedures followed a combination of the methods described by Spradley (1980) and
Strauss (1987). First, open coding (Strauss, 1987, p. 28) uncovered in vivo codes (Strauss, 1987,
pp. 28–30) and folk domains (Spradley, 1980, p. 90)—concepts labeled with vocabulary used by
the participants themselves; sociological constructs (Strauss, 1987, p. 34) and analytic domains
(Spradley, 1980, p. 91)—concepts labeled with vocabulary from existing literature; and semantic
relationships (Spradley, 1980, p. 89)—descriptions of the connections between coded concepts.
Second, NVivo software queries such as word count frequencies and word trees (diagrams which
display commonly utilized words as well as their contexts) were used to uncover themes missed
during open coding. Third, axial coding (Strauss, 1987, p. 32) was carried out for each code of
interest uncovered in steps one and two. In short, axial coding revealed a comprehensive
description of major themes. Finally, codes were organized into a cohesive story line for the
purposes of answering the research question and communicating findings. For brevity, only the
cross-case analysis is reported herein, but the full individual cases are available (Robert, 2016). As
a second opportunity for member-checking, participants were asked to read their full case studies
before publication.

Limitations

This study must be qualified in at least three ways. As an in-depth qualitative analysis of four
professors’ cases, the findings of this study should not be viewed as generalizable to the larger
population of science professors. Future quantitative analyses can use this study to inform large-
scale studies of professors’ professional priorities to obtain more generalizable data. Secondly,
professors in this study volunteered to participate; thus, the results of the cross-case analysismight
be biased in favor of professors who have an above-average interest in postsecondary science
education. Finally, with respect to diversity, all four participants in this study self-reported similar
descriptions of gender, race, sexual orientation, and other demographic factors. Future work will
seek to understand awider variety of professors’ experiences.

Results

Henry

Henry described himself in one source document as a White, 44-year-old male physics
professor. Simply stated, he is a teacher above all else: “As a professor, I view education as my
primary task. This may be an odd statement to make in a research proposal, but research is, after
all, discovery learning at its best” [Henry, Award Application].3 He joked that perhaps being a
teacher is simply a matter of genetics because his parents, sister, some grandparents, and some
aunts and uncles are teachers4:

I’m sure my father was a huge influence. . .Hewould spend every night reading essays and
writing responses which are probably longer than the original essay, red ink all over the
place and then typed notes, and. . .[he explained] why it’s important that the students learn
and that his feedback is really important to them. [Henry, Interview2]
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As an undergraduate at a large, private, R1 institution, Henry double majored in
physics and a humanities field. Getting a PhD was something he did to become a
professor; choosing his specific field of study was a secondary matter. Henry earned his
PhD at a large R1 institution with a reputation (according to Henry and other participants)
for producing STEM professors. During his first year and a half of graduate school Henry
engaged in a wide range of activities: teaching, research, and service endeavors such as
writing gradebook software and setting up a Web server for the department. At that point,
Henry’s PhD advisor told him, “It’s great that you’re really involved in a bunch of
different things. In five years. . .you’re not going to be near graduation and you’re going
to hate me, and so you need to stop doing all these things” [Henry, Interview 1].
Subsequently, Henry focused solely on research until he graduated.

Immediately following graduate school, Henry spent two years as a postdoctoral researcher
in a government lab—“a fantastic place to work. . .a very different culture than an academic
culture. . . They believe that people should go home and bewith their families” [Henry, Interview
1]. His first faculty position was at a large R1 institution in the Northeastern United States. During
this time, he became involved with a large-scale research-based physics curriculum reform effort
in collaborationwith his colleagues. This wasHenry’s first exposure to education research, and he
greatly enjoyed the experience. At the same time, he was developing his research program and
participating in service. Henry did not receive tenure during this first faculty position. He was
asked, “When youwere describing your time at [your previous institution] it sounds like youwere
doing a lot of things outside of your research. . .Do you think that hurt your tenure process at all?”
Henry responded:

No. I mean, the number of people who came to me and said. . . you need to just focus on
research, it’s the only thing anyone cares about, just buckle down, do research, get it done,
certainly I had that conversation multiple times with department heads, other faculty
members. So I would say they probably think that’s the case. . . I mean this comes down to
the question of what my advisor in grad school told me to do, right? Essentially they’re
saying the same thing that he’s saying which is, do one thing and focus on it and do it really
well, and then you can get tenure, and then what? And then you keep doing this one thing?
. . .The fact that [my research] was controversial and a lot of people didn’t believe in it at the
time would have still been the case whether I was in there doing the research myself or not,
so I don’t honestly think it would have really made a difference. Maybe would have had
more papers out, but I don’t know that that would have changed anything. And I was a lot
happier thisway, so there’s a lot to be said for happiness.

Henry subsequently spent 1 year as a visiting scholar at a large, private, R1 institution
before applying to LU and being offered a position with tenure. At the time of the study,
he had been an associate professor at L.U. for almost 5 years teaching introductory physics
courses; in fact, he has only ever taught introductory courses throughout his career. He
explained that he truly enjoys teaching introductory physics and working with freshmen.
Furthermore, he recognizes that it is rare for faculty to enjoy teaching introductory courses
as much as he does, and so he is happy to continue doing so. Henry also leads a group of
researchers (ranging from the undergraduate to the postdoctoral level) in basic physics
research; that is, it does not necessarily have a direct application to solving problems but
can be used to develop such technology. Finally, Henry serves on the advisory board for a
STEM-specific teaching and learning center, an introductory physics course committee, a
diversity committee, and others. He expressed that he participates in committee work in
order to support the department and improve the culture of the community.
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Ben

Ben, a chemistry professor at LU, described himself as aWhite male raised in a small, White
community outside of the United States. Ben emphasized his cultural history, particularly with
respect to his understanding of educational systems. According to Ben, schools in his country are
well-funded andmore rigorous thanAmerican schools.

Above all, Ben is a scientist, and he has made most of his educational and
professional decisions based on his desire to do great research. He described his family
as “very blue-collar” and explained that he was “pretty much the first person in my
family who went to university” [Ben, Interview 1]. In the same interview, he said that he
“didn’t even think about going to graduate school, I didn’t even really know what that
was when I started my undergrad.” However, research experience as an undergraduate
student ignited his interest in pursuing a science career, and all of his subsequent
academic and career decisions have been governed by his efforts to join labs engaging in
research of interest to him.

Throughout Ben’s time in graduate school (5 years), he served as a teaching
assistant and worked 60–65 hours a week in his research lab. He explained that
although he was not required to TA for funding purposes, it was the culture of the
university for students to teach throughout their graduate careers. Ben described his
time in graduate school as highly productive; he published approximately 10 journal
articles as a graduate student and felt that he became an independent scientist during
this time.

After graduate school, Ben worked for 4 years as a postdoctoral researcher for a group at a
private, very small liberal arts5 institution in theUnited States.He reflected on this time:

The postdoc. . .can be a highlight of a young scientist’s life because they don’t have to take
classes, they don’t have to TA. . . And so you don’t have all these other worries, and so for
your postdoc you just focus on the research and just focus on your own research. [Ben,
Interview1]

After his postdoctoral fellowship, Ben searched for faculty positions that would best
match his research interests. He accepted his current position at LU because he felt that
the school not only met his research needs, but he also believed that the surrounding area
would be a supportive environment for his family. At the time of this study, Ben was in
his eighth year at LU and was awarded tenure during the period of this study. Ben often
described challenges unique to early career chemistry professors, particularly the need to
learn most skills on the job and the drive to attain tenure. He explained that his job has
changed over time:

In the beginning of my time. . . I was much more in the lab more days doing science, doing
science experiments, but as the lab grows you’re sort of more in charge of more and more
people and as well at that point we have to take all the science experiments and start writing
research papers, start writing research grants so that we can get money to do more
research. . . The best person to write the papers and to write the grant is myself. . . Until
recently I’ve gotten out of the lab more and more doing research experiments
myself. . .spending more time just sitting at my computer and doing lots and lots of writing
when I’mnotworrying aboutmy teaching obligations. [Ben, Interview2]

In addition to research, Ben teaches undergraduate chemistry and engages in service
committees (mainly undergraduate advising and an instrument steering committee).
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William

William is an astronomy professor at LU. During this study, William was in his 6th year of
teaching at LU and received tenure several months into the study. During the follow-up interview,
William described himself as a professor of astronomy who does research, teaches classes, and
advises students. He added that he is a husband and father, male, and “I don’t know if I’mmiddle-
aged yet.Maybe I am” [William, Interview 4].William experiences a strong sense of personal and
professional identity as an astronomy researcher. He does not come from a family of scientists, but
developed an interest in astronomy in grade school through popular culture and textbooks:
“Discovery Channel, you know. . . I mean you read the kids’ science books and it says,
‘Astronomers know that. . .’ And there it is, that’s the job I want. I want that job” [William,
Interview1].

Across his educational career,William continually developed as a researcher with strong ties
to his professional community. As an undergraduate, he was an astronomy major and engaged in
astronomy research. He attended graduate school at a highly rated, public, R1 institutionwhich he
says is known for producing tenure line faculty members. In addition to research and service,
William engaged in teaching assistantships throughout his time in graduate school because he
enjoyed teaching and knew that the experience would be good for future job applications. During
his first semester in graduate school he also took a pedagogy course designed for astronomy
graduate students—the only pedagogical training he and his cohort received, “which is more than
a lot of students get” [William, Interview 1]. He recounted his first year of teaching as a graduate
student:

I had no idea what I was doing. The first semester they just throw you in. . . So you’ve been
there just as long as the freshmen have been there, and you’re supposed to start going over
homeworkwith them. . .that very firstweek. [William, Interview1]

After earning his PhD, William spent a year and a half as a postdoctoral researcher with his
graduate school advisor. He subsequently took a postdoctoral position at a private, R1 institution
for a year and a half. There, William described a period of significant professional development.
This professional development is something that William currently tries to pass on to his own
graduate students by presenting similar topics during group meetings: “learning a new computer
language. . .how do you get Hubble space telescope time. . .how do you make a good conference
poster. . .the stuff you actually spendmost of your time on” [William, Interview2].

During his time in graduate school,Williammet Karen (pseudonym), who hemarried shortly
after graduation. William’s relationship with his family plays a significant role in the way he
manages his career. When applying for jobs after graduate school, he explained, “The two body
issue guided everything” [William, Interview 1]. William is also more cognizant of his time
management now that he has children. He chooses not to work between 4 and 7:30 PM because
this is family time.William does not engage in personal activities at work and only works at home
after the children havegone to bedwhen it is absolutely necessary.

As for his current job responsibilities, William engages in research, teaching, service, and
interactionwith the greater community of astronomical researchers:

I advise students and postdocs and research associates. I teach, and I do some service for the
department sometimes, the college or university. Advising students is most of the research I
do, but I do some research on my own. . . I also collaborate with other people and interact
with the rest of the astronomical community. . . I think that hits all the main pillars of what I
do. [William, Interview2]
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William’s research program is the cornerstone of his professional life, and his identity as a
researcher can be seen in all aspects of his career.

Pierre

Pierre (pseudonym) describes himself as an early career interdisciplinary scientist whose
research is a combination of laboratory and international fieldwork, and as aWhitemale in hismid
to late 30 s. During this study, Pierre was in his fourth year at LU and not yet eligible to apply for
tenure. Because of Pierre’s unique combination of fields of study, theywill only be referred to as a
humanities and a biological science to protect his confidentiality. Pierre more closely identifies
with his humanities field: “Although [a biological science tool] is my primary research tool, I
consider myself a [humanities researcher] rather than a [biological scientist], which I hope is
apparent frommy research approach” [Pierre, Document 02].6 Thus, references to Pierre’s field of
study pertain to his humanities specialization. Pierre is an assistant professor in both of these
departments and advises graduate students frommultiple disciplines.

As an undergraduate student at amedium-sized, R27 institution, Pierre began his studies as an
undecided major before switching to his humanities field: “I had never heard of [my field], and I
took an introductory class. . . And I was like, ‘This is just amazing’” [Pierre, Interview 1].
Although he was excited about research, he decided to take a break from academia to work in a
corporate job before attending graduate school at a large, public, R1 institution:

As an undergrad I did some research and got experience. I was like, “I think this is what I
want to do for my career.” But I wasn’t ready to do it yet. . . I wanted some other experience
first. [Pierre, Interview1]

Hewas a consultant for three years in a “great job. . .workedwith great people in amuchmore
teamwork-oriented environment than what you find in academia” [Pierre, Interview 1]. Finally,
Pierre went to graduate school: “in the end it was about making money for whatever company I
was consulting for. . .and you know Iwasn’t passionate about that” [Pierre, Interview1].

Unlike most graduate students in his field, Pierre initiated research during his first year of
study: “I [wanted] to learn things in the lab, so then I practically did that rather than as kind of a
requirement or a standard” [Pierre, Interview 1]. His first year also involved taking courses, and it
was through this experience that Pierre discovered his interest in the biological sciences. From that
point, Pierre was able to pursue multidisciplinary work. After earning his PhD in his humanities
field, he took a postdoctoral fellowship in his biological science of interest at a large, well-funded
lab at a private, R1 institution because he wanted to learn new skills in that area. Pierre indicated
that overall, he valued the experience he gained as a postdoc because it helped him build the
foundation for his career as a research professor.

During the last few years of graduate school and into his postdoctoral fellowship, Pierre
explained that a combination of his intrinsic motivation and external influences drove him to take
onmore andmorework as timewent on:

I was super passionate about what I was doing. . . I had some confidence because I knew that
I was doing pretty well, but you never know. You start realizing how rare these jobs are,
etc. . . But then. . . You never know if it’s enough. . .to get hired. You never know if you’re
doing enough. . .And that sort of realization seeps in and becomes this stress that reinforces
morework, but it gets toomuch. [Pierre, Interview1]

After his postdoctoral fellowship, Pierre decided towork at LU in a joint appointment in both
of his fields of interest. He described hismotivation for becoming a professor:
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Just the passion for the questions. I always wanted to, from the time I got into [this field]
knowmore. I have these questions, and doing science and being an academic and so on, that
was the way to answer this question. . . I wanted to make a difference in people’s lives. I
think that was themotivation. . .and I saw teaching as away to do that. And Iwasn’t thinking
at the time about outreach and so on, and now I’m thinking more and more about that, but
teaching is a way to do that in a way that my professor had made a difference in my life.
[Pierre, Interview1]

Cross-Case Analysis

Intrinsic Motivation: Participants’ Career Decisions are Motivated by Intrinsic Goals and
Desires Rather Than External Factors Such as Institutional Culture or Peer Expectations. An
initial aim of this study was to see whether and to what extent the research-intensive R1 culture
would influence the way professors chose to allocate their resources across the various aspects of
their jobs. An unexpected finding of the study was that the participants consistently reported that
the cultural backdrops of their departments and colleges and the university did not actually impose
much influence on theway they engaged in their jobs.

Henry indicated that even in caseswhere his goals donot alignwith cultural norms, he pursues
his own interests rather than conforming to those norms. For example, he explained that at his
previous institution many colleagues encouraged him to focus solely on his research to the
exclusion of teaching and service activities. However, he chose not to follow their advice: “I don’t
want to do one thing. I want to do three things. I wanna teach, I wanna do service, I wanna do
research” [Henry, Interview 1].Apart from thewayHenry allocates this time, he feels that inmany
ways his goals for his teaching and research are in alignment with his institution’s goals: both
Henry and the institution want classroom students to learn and want research students to become
independent scientists. The difference between Henry’s goals and the institutional culture only
lies in Henry’s emphasis on student happiness; Henry indicated that the institution tends to
emphasize productivity and efficiency.

Ben indicated that therewas very close alignment between his goals for teaching and research
and his institution’s goals. As Ben feels that the institution favors research productivity over
teaching efficacy or servicework, evidence of the alignment of Ben’s goalswith this culture can be
seen in his personal desire to focus on prioritizing his research above all else:

I think our department does a really good job of supporting assistant professors. . . They try
to limit the amount of servicework. You’re still teaching, but they set you upwith the course
that you teach a few times to sort of help. [Ben, Interview2]

During the follow-up interview, Ben was explicitly asked about this intrinsic motivation
theme. He confirmed that theway he hasmanaged his career has been driven by his personal goals
and that those goals happen to be in alignment with academic culture rather than imposed by
academic culture. He reiterated: “research number one, teaching number two and everything else
number three” [Ben, Interview4].

William’s prioritization of research over the other components of his job is very similar to the
wayBen prioritizes hiswork. This is evidenced inWilliam’s statements regarding research aswell
as tenure. AsWilliam talked about theway he has structured his time as a pre-tenure professor, he
indicated that he made research a priority and that his department supported this effort: “The pre-
tenure faculty are busy earning tenure, so my department head was just very conscientious of not
giving me too many new teaching assignments and not overloading me with committees”
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[William, Interview 2]. When asked if his goals were in alignment with the university’s goals, he
explained:

I think they’re well aligned. I think they were pretty clear. Especially just coming from
tenure, I have a good sense ofwhat they appreciate. The universitywants to seemehaving an
active research group, publishing papers, graduating students, and getting citations. The
university wants to see me bringing in grant money and supporting people. [William,
Interview3]

During the follow-up interview, William was asked to confirm that academic culture did not
heavily influence his career choices. He indicated that he largely agreed, though in some cases he
did modify his behavior in order to attain tenure. He provided one example: before he received
tenure, he spent more time traveling to give research talks than he would have liked because this
activity would bolster his tenure application. He said that other than this instance, his intrinsic
motivations and goals are in alignmentwith the culture of his institution.

Pierre’s career goals were similarly alignedwith those of the institution. As Pierre is currently
working towards achieving tenure, he is acutely aware that he must prioritize his research
productivity for this purpose. He reported that he chose to work at a research-intensive institution
with “eyes wide open” [Pierre, Interview 3] because the institutional culture is in alignment with
his personal career goals.He explained:

There is amatch between" it’s not perfect, it’s not linear" but there is amatch between the
university and department and how they set you up to succeed in your career and in your
research career. The resources available, the quality of the grad program, the funding
opportunities, the clearing of the bullshit that keeps you from being successful. There is a
near linear relationship, imperfect but a strong positive relationship between that and the
expectations of the university. . .Ultimately for me part of it was that my particular research
program. . .is very expensive. . .Either I go all in and do it theway I think it needs to be done
or not at all and do something pretty different. [Pierre, Interview3]

Thus it is evidenced that not only are Pierre’s goals in alignment with his institution’s goals,
but he chose his institution based on that alignment.

Students: The Participants Support All Types of Students at Their Institution. All four of the
professors who participated in this study indicated that helping students (at all levels) is one of
their primary professional responsibilities. Henry was perhaps the most student-centered
professor in the study. Henry’s characterization of the similarities between his teaching and
research goals provides an apt representation of this theme: “I want to help these students get to
where theywant to go. . .Similar aims, helping people basically” [Henry Interview3].

Benwas less explicit about this priority in his career, but it was evident inmany of his actions.
For example, in his research lab, Ben emphasizes helping his research students become
independent scientists instead of enabling them to “keep askingwellwhat should I do,what should
I do, what should I do” [Ben, Interview 1]. In the classroom, Ben appears to be a reflective
practitioner, as he expressed that he is always seeking ways to improve his teaching. Finally, Ben
explained that he chose towork with undergraduate students as part of his service responsibilities
even though most new professors prefer to work with graduate students for recruitment purposes.
He did this because his experience as an undergraduate student at a largely undergraduate
institution instilled in hima passion for assisting undergraduates to find research opportunities and
for providing themwith career advice.
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William’s emphasis on student support can most clearly be seen in his commitment to the
scientific community at large. From the time he was in graduate school, William saw value in
fostering a sense of community with his colleagues, and as a professor he views his students—at
least his research students—as his colleagues.When asked how he scheduled his days, he made it
clear that his research students’ needs comefirst:

Students are important. Even if the particular thing they’re working on isn’t important, they
are important and so if the student were knocking on my door, I always try to answer it and
deal with it. So if I’m looking atmy inbox to try to figure out what thing to deal with next and
the door [knocks] and it’s a student, the student comes in. [William, Interview2]

William’s respect for students also extends to his classroom, where he emphasizes the
importance of providing students with the tools to either make career decisions or learn important
professional skills (depending on the course).

Pierre’s commitment to his students is similar to William’s. With respect to research, Pierre
prioritizes training his students to be independent researchers, and in the classroom he teaches his
students to think like scientists. In the third interview, Pierre summarized this theme: “Training
students is both an important part of the job as a research professor and educator.” Pierre also seeks
to assist students by engaging in service work that will help both undergraduates and graduates
have a better experience at the university.

Throughout the observations of all four of these professors, their actions suggested that they
could all be described as student-centered teachers. Each of them consistently made efforts to
engage with their students during class by asking probing questions, making eye contact,
following up on student questions, checking for understanding, etc. All four of these professors
indicated that they received positive feedback from their classroom students and that this feedback
was an important metric for them to reflect upon their practices. Similarly, during observations of
the participants engaging in research meetings with their students, all four of the professors
exhibited student-centered behavior. It was typical for the professors to ask questions about the
students’ research, but the tone was always supportive and conversational; students never
appeared to feel uncomfortable or defensive. Instead, research students appeared to be relaxed as
they engaged in scientific discussions with their advisors. Thus, all four participants not only
claimed that they desired to support students during our interviews, but the interactions observed
during classes and research groupmeetings supported the participants’ claims.

Lack of Pedagogical Training: Participants Had Little to No Training for Any Professional
Activities Other Than Scientific Research. Whereas all of the participants in this study
acknowledged that they are highly trained research scientistswith positions in competitive science
departments, they also volunteered that they experienced little to no preparation for any of the
other responsibilities of professors, such as teaching andmanaging research groups.

Even thoughHenry had tutoring experiences from the time hewas in high school and engaged
in service and research activities from the time hewas an undergraduate, he explained that none of
those experiences prepared him to be a professor. He expressed dissatisfaction with the lack of
training professors receive to do anything other than research:

I mean we talked about the fact that preparation for teaching for example is pretty
lamentable. And preparation for being a group leader is not existent, so definitely there’s a
difference between, as a researcher, as a graduate student, where you can just worry about
the problem and as a professor where you have to worry about how am I going to fund the
problem (laughs), how am I going to pay for my students, where are we going next. I can’t

Journal of Research in Science Teaching

TEACHING AND RESEARCH AT A LARGE UNIVERSITY 951



really be thinking about this problembecause I gotta be thinking aboutwhat arewe gonna be
doing in six months so that we can keep going and things like that, so yeah there’s a big
difference in thatway. [Henry, Interview3]

Ben expressed a very similar sentiment. He said that sometimes he feels like other professors
have all the answers, but he is still trying to figure things out.He explained:

Well as I said you know physical science you are taught your graduate work and your
postdoctoral work primarily teaching you to be a bench level scientist, so coming in and
becoming a professor you have all these things that there’s no formal teaching about. So I
talk aboutmebeing amanager of scientists, dealingwith these social interactions, so not just
thinking about the science but thinking about the people doing the science. But then there
are things like coming up with a budget, no one ever taught me how to come up with the
research budget before I camehere, and again you knowcoming inyou know I never taught a
full course before. . . You’re not taught how to teach. You’re just you’re taught how to do
research on a bench and then you’re given all these other responsibilities and hopefully you
learn. [Ben, Interview2]

Of all the participants,William is the only onewho expressed having any training in anything
other than engaging in research.He stated:

[My postdoctoral advisor] taught me a lot about how to be – a lot about the details of doing
astronomy: how to be shrewd about getting proposals accepted, how themoneyworks, how
money flows, what overhead is, and the things like that that I had no exposure to [as a
graduate student]. [William, Interview1]

On the topic of professional identity, William was asked if he quit his job tomorrow,
would he still identify himself as a teacher? He responded: “No. No because my training’s
not in teaching. I have almost no training in teaching. So I haven’t spent years of my life
learning to be good at it. It’s definitely a profession and not an identity for me” [William,
Interview 3].

Throughout Pierre’s interviews, the only career preparation he discussed was research
training. When he was a graduate student he was concerned that his lack of teaching experience
would impede his job search:

I actually never TAed in grad school. . . I was a littleworried about that at the time. I said, “Is
this something that’s going to hurt me when I apply for jobs?” And my advisor and
advisors. . .were like, “No, not having any TA experience doesn’t matter. People are gonna
hire you based on your research you’re producing, good papers, etc. Just keep focusing on
that.” [Pierre, Interview1]

Pierre did not explicitly address a lack of preparation for leading a research group, but he
often made references to the fact that he has been trying multiple methods for mentoring his
students and is still learningwhatworks and doesn’twork.

Time Management: Prioritizing Professional Responsibilities and Managing Time Are
Common Challenges for the Participants. All of the participants in this study consistently
commented on the time cost associated with various activities. They are all actively aware of their
limited time resources in an environmentwhere theirworkload is truly endless.

During Henry’s interviews, he described how being a professor is not a 9-to-5 job because
being a professor ismore an identity than a job:
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I have friends for example who have jobs where it’s like five o’clock, that’s done,
now I can go be myself. And that is definitely not my life in any way, shape, or
form. And partly because I am doing physics at 2 AM and I take it home and I think
about it all the time and think about how to teach better, think about how to solve
some problem in the lab, how to write some paper. That consumes me. So partly it’s
that, but it’s " I love it. [Henry, Interview 3]

While discussing what he would have to do in order to take on more responsibilities, he
remarked:

I do a lot of things. In order to domore things, I have to give up something. It could be sleep I
suppose, but I’m already giving up a lot of sleep, so I’d have to figure out what to jettison, or
change anyway, shrink. [Henry, Interview3]

Henry never seemed dissatisfied with the amount of time he spends working; he is simply
aware that he hasmany responsibilities and a limited amount of time.

Ben expressed similar feelings about his limited time resources when asked about
collaboratingwith other educators on campus:

The issue is I have a variety of different responsibilities, andmaybe it’s an excuse, but I only
have so much time in the day. If I really wanted to I think I would have to focus a lot more
attention onwhat’s going on. I mean certainly we do have resources [here], like the [science
teaching and learning center]. There’s other centers. I guess I could reach out to other
departments. I know there’s reading through say Science magazine or Chemistry and
Engineering News. . . I’m sure there’s more information within the education-based
journals, but I just haven’t found the time to further search them. [Ben, Interview3]

He further explained:

There’s only somany hourswithin the day. I know that I do consider the research to be a little
bit more important to get the grants written, gettingmore andmore funding, supervising the
lab and so on.And so sometimes I have to think about how Iwant to dividemy time andwhat
will push the science forward. And so sometimes again there are these time constraints.
[Ben, Interview3]

William also expressed the need to manage his time carefully. As he talked about
managing his research group, he explained that he didn’t want his group to become so
large that he would not have time to provide individual attention to all of his students:
“It’s hard, the group just keeps growing and I need some people to graduate to free up
some time so that I can give people more individual attention” [William, Interview 2].
William indicated that it is harder for him to manage his time when he is teaching classes:
“Summertime is better. I tend to have more time on the whole because no teaching. Like
this last fall was dead because I had to do new class prep, and that just eats up all the
time” [William, Interview 2].

Pierre’s comments on time management were typically connected to his desire to balance his
workload. He explained that there was a time as a graduate student when he was working almost
constantly, but that he has recently been learning to manage his workload: “I’m learning how to
managewhat I say yes and no to and the consequences of starting a new project, how that’s gonna
pile on together 16 months from now or something” [Pierre, Interview 2]. Later, he offered a
detailed description of the challenges associatedwithmanaging time as a professor:
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All that stuff during the school year that adds up on top of the teaching and everything else. . .
I’ve got my class schedule, I’ve got my teaching, I do these other major things, like the
department stuff, this stuff that you know just has to get done. . .meetings, that sort of stuff. I
work on my emails. I literally mean that. I get my emails that come in every day and I’ve
gottamanage that process right? Like small amounts ofwork associatedwith these emails is
my work. Email is kind of like my to-do list, and in fact I send myself emails. . .And then I
try to carve out time half an hour here 15 minutes here an hour here to work on the science
productivity. . . Making comments on a paper that my postdoc has drafted, advancing my
own papers and analyses. . . I kind of make sure that I’m prioritizing that and I’m moving
forward. . . The sum total of that makes it hard to fit everything into a day without letting it
bleed into the evening or the class prep for the next day bleed into the evening and so on. So
that’s probably not a very unique answer on what it’s like during the semester but that’s,
that’s the truth. [Pierre, Interview2]

Answering the Research Question. The purpose of this study was to answer the research
question: How do individuals in a sample of tenure-track science professors prioritize teaching
among their other professional roles and responsibilities? A sociocultural theoretical framework
(Rogoff, 1995) was utilized to interpret case study data through the lens of understanding
individuals as members of communities and social events. The first three cross-case themes
described above offer the answer to the research question. For all of the participants except Henry,
it was clear that their professional priorities were research, teaching, and service—in that order.
This prioritization was a result of multiple factors. First, the participants in the study all expressed
an intrinsic motivation to engage in scientific research. Again, with the exception of Henry, the
participants were simply more interested in their research than theywere in their teaching. This is
not to imply that the participants were not at all interested in teaching. On the contrary, the second
cross-case theme (a desire to help all types of students) explains why the participants still made
efforts to be what they considered good teachers, even if it was a second priority. Thus, Ben,
William, and Pierre expressed that teaching was their second priority after research because they
are intrinsicallymotivated to pursue their research first. In contrast, Henry expressed that teaching,
research, and service were all equally important to him because he enjoys engaging in all three of
themequally.

Considering Rogoff’s framework for understanding social phenomena, it is notable
that the participants in this study did not report that their institutions, departments, or even
colleagues had any appreciable impact on their daily choices. None of the participants
implicated current sociocultural influences such as disciplinary or institutional norms,
promotion and tenure guidelines, or professional development as explanations for the way
they prioritized the components of their jobs. There is some evidence to suggest that for
Ben, William, and Pierre, a lack of early experiences with pedagogical training (the third
cross-case theme) or research-based teaching could partially explain their lack of interest
in such endeavors now. Henry’s case is again distinctive as he was engaged in the culture
of teaching at a very young age within his own family and again at early stages in his
career. In this way, all four cases point to the notion that early apprenticeship and guided
participation might have had a more significant impact on participants’ current goals and
desires than any recent experiences.

The fourth cross-case theme concerning time management does not directly serve to
answer the research question. That is, given the importance of intrinsic motivation for the
participants, even if they had more time available, they would likely still allocate it in the
same manner they do now.
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Discussion

This set of case studies deeply examined the professional lives of four science professors in
order to gain a better understanding of the way they prioritized and engaged in teaching among
their many other roles and responsibilities. This work was based on a sociocultural framework for
understanding the way individuals interact with each other and their environments. A cross-case
analysis of the data revealed that the participants: made professional choices based on intrinsic
motivations and desires, emphasized the importance of helping their students in all areas of their
jobs, identified a lack of pedagogical training despite extensive scientific training, andmaintained
an awareness of limited time resourceswhile engaging in unlimitedwork activities.

Two of the findings from the cross-case analysis are in alignment with some literature
described earlier. First, participants in this research indicated that their current and previous
institutions placed a greater emphasis on research activity than on teaching responsibilities,
confirming assertions from literature discussed above (Bradforth et al., 2015; Leslie, 2015; Light
et al., 2009;Wright, 2005). This was particularly evident as they discussed their lack of training to
do anything other than scientific research. Other comments regarding their current institution’s
goals and promotion and tenure processes also supported this conclusion. The second finding of
this study that is aligned with previous literature is the participants’ comments regarding time
limitations. In essence, professors’ jobs are composed of three pillars of activity: research,
teaching, and service. However, each of these roles presents limitless opportunities for the
introduction of new work. That is, professors are always able to do more research, interact more
with their students or course work, and engage in more service. Thus, in order for a professor to
engage in a new professional activity, there is almost always the need to eliminate or reduce an
existing activity. In fact, with the exception of competing time commitments, participants in the
study rarely described any situations or constructs to suggest that teaching and research have any
particular relationship to each other. This finding supports a different enterprises model as
described previously (Hattie&Marsh, 1996).

Two of the themes revealed in this study’s cross-case analysis are novel in light of previous
literature speculation. First, contrary to assumptions that departmental or institutional culture
exerts a significant influence on professors’ career decisions (Anderson et al., 2011; Hardr!e et al.,
2010), the participants in this study indicated that they made decisions based on their intrinsic
goals. Although their choices were typically in alignment with institutional norms and goals, they
viewed this alignment as incidental rather than causal. Second, whereas previous literature has
largely been silent on the role of professors’ relationships with students in professors’ decision-
making regarding careermanagement, the participants in this study all emphasized the importance
of their students’ success in every aspect of their jobs. The disagreement between these findings
and previous work presents an opportunity for future researchers to question assumptions
made about how and why various sociocultural factors influence typical professors’ beliefs
and practices.

It was apparent that early apprenticeship and guided participation may have been more
influential for participants in this study than recent experiences. Future research should more
deeply investigate the relationships between professors’ choices and the diverse components of
their past and current professional settings. This holistic view of past and present circumstances is
in accord with Rogoff’s participatory appropriation (1995). For example, what types of past and
present experiences influence science professors to adopt more research-based pedagogies? Only
one of the participants in the study described herein (Henry) self-identified as actively engaging in
research-based pedagogy. From Henry’s case, researchers might speculate that early career or
even family experiences could be highly influential in forming professors’ desires to pursue
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research-based pedagogies. Longitudinal phenomenological work or case studies that begin
tracking participants in graduate school would give rise to a better understanding of the
relationship between early-career apprenticeship/guided participation and later career
prioritization.

The diversity of activities within professors’ teaching duties is another factor which warrants
further consideration. Beyond classroom instruction, participants in this study also engaged in
mentoring and training graduate students and postdoctoral scholars, advising undergraduates, and
sponsoring independent study. Further empirical and theoretical work is needed to refine the
field’s scholarly definition of “teaching” at the postsecondary level. Considering the various types
of teaching as sociocultural constructswithinRogoff’s participatory appropriation developmental
process would allow researchers to understand how engaging invarious types of teaching changes
practitioners and their career goals. Amore complete description of teaching activities could also
lead to practical implications such as integrating a wider variety of teaching activities into
promotion and tenure guidelines, yearly teaching requirements, etc.

Expanding the field’s understanding of professors’ teaching activities is in alignmentwith the
Carnegie Foundation’s evolving concept of the scholarship of teaching. The scholarship of
teaching was first identified as one of fourmajor functions of university professors (alongwith the
scholarships of discovery, integration, and application, Boyer, 1990) in Scholarship Reconsid-
ered: Priorities of the Professoriate. Boyer described teaching: professors must, “above all,” be
well-versed in their own content knowledge areas; professors plan and constantly reexamine
discipline-specific pedagogical activities intended to stimulate active learning; professors are
learners in the sense that teaching is “not only transmitting knowledge, but transforming and
extending it as well” (pp. 23–34). In a follow-up to Boyer’s work, Hutchings, Huber, and Ciccone
published the Carnegie Foundation report, The Scholarship of Teaching and Learning
Reconsidered (2011). The modification of vocabulary here reflects a change that has taken place
on a widespread level; the community has evolved from thinking of a university as a provider of
knowledge to thinking of a university as a place of learning (Barr & Tagg, 1995; Hutchings et al.,
2011, p. 4). As this understanding has been refined, so too has the community’s understanding of
the ways in which this scholarship of teaching and learning can be utilized. One of the most
valuable applications for a scholarly approach to the role of teaching for science professors is
improving their own teaching practices. Hutchings et al. (2011) hope the scholarship of teaching
and learning can bring to higher education classrooms “a set of practices that have traditionally
been missing. . .habits of inquiry, analysis, exchange, and knowledge building” (2011, p. 41) by
challenging the assumption that the only preparation professors need to teach is expertise in
content knowledge.

The differences between the findings reported herein and previous work also support
broadening the scope of discipline-based education research to include more descriptive,
phenomenological studies. Whereas it is a clear goal of discipline-based education research to
advance the teaching and learning of science and engineering, this field has expressed relatively
little interest in generating socioculturally informedunderstandings of holistic human experiences
(Coppola & Krajcik, 2013; National Research Council, 2012). Descriptive studies offer a deeper
understandingof participants’ naturalistic experiences, and this is rarely a feature of interventional
designs which, by nature, seek to change a situation and then measure or study that change.
Without a baseline understanding of participants’ authentic lives, interventional studies risk
failure based on false premises and assumptions. As this work shows, previous assumptions about
professors’ careers do not hold true for at least some professors. In particular, many of the models
described byHattie andMarsh assume significant tension between teaching and research activities
(e.g., intervening variables, differential personalities, and divergent rewards as described above).
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In this way, descriptive methods (phenomenology, case study, etc.) provide a means for
researchers to learnmore about participants and designmore targeted interventional studies.

Professional development stakeholders can use the knowledge gained in this study to inform
investigations into the types of pedagogical and professional development interventions science
professors would be willing to utilize. There is no silver-bullet solution to the challenges faculty
face when attempting to balance the diverse components of their jobs. However, creatively
designed pedagogical support can help them excel at teaching without compromising their core
values. For example, given the insights into participants’ desires to help their students, it seems
that science professorsmight bemorewilling to adopt interventions that are clearly designed to be
student-centered. Furthermore, understanding that science professors at large research universi-
ties are likely unwilling to detract time from their research activities, creatively designed
interventions that do not require large time investments might be more popular among these
professors. The participants’ stories point to the possibility that more formal efforts to integrate
research and teaching activities could prove to be one entry point to providing professors with
more pedagogical support. All of the participants described efforts to use their research to inform
their teaching or use their teaching roles to strengthen their research activities. These efforts were
exhibited in different ways for each participant, but across the cases, synergistic connections
between research and teaching at both the undergraduate and graduate levels were seen. This
natural synergy indicates that efforts to coordinate research and teaching might be well received
by science professors at large. Beyond these specific connections, a more general implication of
this work for professional developers is to design socioculturally informed training and support
for professors. This approach is analogous to (and could be coordinated with) current efforts to
implement the socioscientific issues framework in STEMclassrooms (Zeidler, 2016).

This work also has implications for the preparation of new science professors. The training
of future professors during the graduate or postdoctoral years should be considered separately
from support for the existing professoriate. Some recent research suggests that professors who
are exposed to research-based teaching strategies at earlier stages in their careers (e.g., graduate
school) are more likely to utilize those strategies later (Lund & Stains, 2015). In light of the
cross-case themes reported herein, it is possible that this phenomenon is a result of early
experiences exerting an influence on professors’ intrinsic goals and motivation. Future faculty
training could make significant advances toward reducing traditional teaching practices in favor
of research-based pedagogies by explicitly targeting long-term goals and motivational factors.
Other cross-case themes from this study suggest that training programs should also consider
emphasizing student-centeredness and time management skills. Furthermore, it is of interest to
note that this study only examined the positive cases: individuals who received doctoral
degrees in physical and natural science and now maintain careers in the professoriate. More
information could be gained by studying individuals who began an academic career track (i.e.,
obtained doctoral degrees) and at some point chose not to pursue (or discontinued) careers in
the professoriate. Future studies might ask whether the diverse demands of professors’ careers
serve as a barrier for qualified candidates and whether programs aimed at training new
professors might mitigate that barrier. For example, might we better support our professoriate
by encouraging them from earlier stages to engage in a wider variety of professional activities?
After all, in Henry’s words: “I wanna teach, I wanna do service, I wanna do research. . . And I
was a lot happier this way, so there’s a lot to be said for happiness.”

Notes
1
http://carnegieclassifications.iu.edu/. Only 40 US institutions match this description, so

further geographical data are not included here.
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2
Bracketed citations represent references to transcripts, documents, andfield notes.
3
To protect participants’ confidentiality, documents will be given generic labels that have

beenmutually agreed upon by the participants and the researchers.
4
Theword “teacher” is used here because that is the vocabulary Henry used. Throughout this

study, participants used the words “teacher,” “professor,” and “mentor” interchangeably. To the
greatest extent possible,wording ismatched to that of the participant.

5
TheCarnegie classification for the school isBaccalaureateColleges–Arts&Sciences.
6
Documents associated with Pierre’s case have been labeled with a generic numbering

scheme instead of more specific identifiers as in other cases. This has been done to address a
specific confidentiality concern unique to Pierre’s case.

7
R2 is theCarnegie description forDoctoralUniversity (higher research activity).
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