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THE GREAT DEBATE: THE EFFECTS OF TEACHING AND RESEARCH ON 
STEM GRADUATE STUDENT RESEARCH SKILL IMPROVEMENT 
 

Little is known about the nature and developmental trajectory of scientific 

expertise in science and engineering graduate students (Davis & Fiske, 

2001; Gaff, 2002), specifically to what extent students’ participation in 

teaching and/or research influences research skill development.  This 

preliminary study uses a multi-disciplinary, multi-method approach to 

inform an objective, rubric-driven evaluation of research skill with 

graduate students’ insights about their research skill development.  Results 

indicated that participation in research assistantships, year of 

matriculation, involvement in publication, and stability of research agenda 

were most highly related to students’ research skill development.  The 

effects of teaching on students’ research skill development appear to be 

more subtle.  A notable trend was the emergence of audience awareness. 

For a minority, the acts of translating and/or explaining their research to 

others stimulated reflection or insight which facilitated their research 

programs.  Implications for graduate education and research scientists, as 

well as college science teachers are discussed. 

 

Denise Strickland, University of South Carolina 

Briana Timmerman, University of South Carolina 

Michelle Maher, University of South Carolina 

David F. Feldon, Washington State University 

 

Study Problem and Purpose  
 

This preliminary study investigates the effects of participation in teaching and research 

activities on the research skill development of science, technology, engineering, and math 

(STEM) graduate students.  The study uses a multi-method, multidisciplinary approach to 

determine which experiences appear to impact the development of their research skills, as 

well as which experiences students perceive as affecting their development. 

 

The definition and development of expertise in general, and scientific expertise in 

particular, has been informed by a wealth of research (e.g., Schunn & Anderson, 1999; 

Shanteau, Weiss, Thomas, & Pounds, 2002). However, little is known about the nature 

and developmental trajectory of scientific expertise in STEM graduate students (Davis & 

Fiske, 2001; Gaff, 2002). Most graduate programs focus on the scope and sequence of 

coursework and comprehensive exams to train students, and rely exclusively on 

individual faculty advisors to provide mentorship (Carnegie Initiative on the Doctorate, 

2001; Mervis, 2000).   

 

Few efforts, however, have explored the potentially complimentary effects of 

participation in research and teaching activities on research skill development.  The dual 

demands of teaching and performing research are often seen as being directly 

competitive, both for faculty and graduate students (Luft, Kurdziel, Roehrig, Turner, & 
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Wertsch, 2004).  However, a recent study in a non-STEM discipline has demonstrated a 

connection between excellence in research and teaching (Becker & Kennedy, 2006).  In 

the STEM disciplines, the deep meta-cognition that is required in order to carefully 

scaffold inquiry activities (Berardi-Coletta, Buyer, Dominowski & Rellinger, 1995) may 

help graduate students further develop their own research skills and agenda (Chi, 

Bassock, Lewis, Reinman & Glaser, 1989; Chi, de Leeuw, Chiu & Lavancher, 1994; 

VanLehn, Jones & Chi, 1992). 

 

Recent preliminary data show that participation in teaching fellowship programs can 

improve the communication skills of graduate students (Lyons & Fisher, 2004).  It is also 

suggested that participants perceive their teaching experience as having a positive impact 

on their research skills (Lyons, Fisher & Thompson, 2005). 

This study uses graduate students’ own insights about their graduate school experiences 

of teaching and research to inform the results of an objective, rubric-driven evaluation of 

their research skills.  Specific study questions are:   

 

A) What types of teaching and/or research experiences most effectively 

strengthen students’ research skills? 

B) What, if any, connections do students make between their teaching 

experiences and their research skill development?   

C) What specific research activities lead to a substantial change in students’ 

research skills? 

 

Procedure and Analysis  
 

To investigate the development of graduate students’ research skills, this study uses a 

multi-method approach including written research proposals and interview narratives.  

Research proposals were selected as the data source for the measurement of research skill 

as they are the mechanism by which funding agencies commonly assess researchers’ 

competence, and thereby constitute an authentic and informative indicator of research 

skill. In the fall 2007 semester, participants received a list of criteria and asked to write an 

approximately five-page research proposal for a project they wished to pursue during 

their graduate program.  At the end of the spring 2008 semester, participants revised and 

updated their proposals based on their intervening experiences and training. Additionally, 

students were interviewed using a semi-structured format (Creswell, 1998). 

 
Participants 

 

The 14 study participants were all enrolled in graduate science or engineering (STEM) 

research programs at a single large research university in the southeastern United States.  

During the academic year, graduate students in this study served as research assistants 

involved in minimal or no teaching efforts (Research Only, n=4) or teaching assistants/ 

GK-12 participants who were required to maintain ongoing research efforts while 

teaching (Teaching and Research, n=10).  Within the Teaching and Research group, two 

participants were acting as teaching assistants in introductory biology lab courses.  These 

courses are designed to promote inquiry, but teaching assistants have little to no 
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opportunity to actually design laboratory activities.  The other eight Teaching and 

Research participants received fellowships through the Graduate Teaching Fellows in K-

12 Education (GK-12) or Partners in Inquiry (Pi) programs.  STEM graduate students in 

both programs work closely with K-12 science and math teachers over the course of one 

academic year in an exchange that is designed to develop teaching ability, increase 

STEM content knowledge among partner teachers, and increase student learning through 

the promotion of inquiry teaching.  The GK-12 program is more intensive, with students 

working 20 hours a week with their partner teacher.  The Pi program participants receive 

funding for only 10 hours of collaboration per week.  As seen in Table 1, participants 

represented a wide variety of STEM fields and were pursuing predominantly doctoral 

degrees. 

 

Table 1.  Departments/programs of graduate student participants.   

  Teaching & Research 

 Research 

Only 

GK-12 / 

Pi 

Teaching 

Assistant 

Biology 1 1 2 

Chemistry 2   

Marine Science  1  

Computer Science  1  

Geology  1  

Chemical Engineering  3  

Civil or Mechanical* Engineering 1 1  

Total 4 8 2 

*This student was the only individual pursuing a Master’s level degree.  The other 

participants were all doctoral students. 

 

Evaluation of Research Skill 
 

Research proposals were assessed via a modified form of a previously tested rubric for 

assessing scientific reasoning skills in written laboratory reports (Timmerman, 

Strickland, Johnson & Payne, 2009a).  Modifications were made using relevant research 

literature on professional peer review criteria (Cicchetti, 1991; Marsh & Ball, 1989; 

Marsh & Bazeley, 1999; Marsh & Bell, 1981; Petty, Fleming & Fabrigar, 1999), and by 

discussion and consensus within the rating team.  Table 2 shows the twelve criteria for 

research skill. 
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Table 2.  Rubric criteria used to rate student-submitted research proposals. 

Paper Section Specific Criteria 

Introduction Context 

 Hypotheses 

Methods Validity & Reliability 

 Experimental Design 

Results Data Selection 

 Data Presentation 

 Analysis 

Discussion Conclusions Based on Data 

 Broader Impacts 

 Alternative Explanations / 

Limitations 

Primary Literature  

Writing Quality  

 

Each criterion was rated on a scale from 0 to 3 (36 total points possible).  A rating of 0 

indicates that a given criterion was not addressed by the writer, while a 3 is indicative of 

a proficient performance for that criterion (Timmerman et al., 2009a).  Raters were 

allowed to assign pluses and minuses to their ratings, allowing for further specificity 

during rating (Penny, Johnson & Gordon, 2000). 

 

Research proposals were evaluated by two raters per paper coming to consensus by 

discussion (Johnson, Penny & Gordon, 2009).  Rating pairs were maintained from pre- 

(fall 2007) to post-proposals (spring 2008), and pre-proposals were available to the raters 

during rating of post-proposals.  This allowed for direct comparison and identification of 

changes, as well as the ability to monitor and improve intra-rater reliability.  Two of the 

original 16 proposals were deemed unusable during analysis due to their extreme brevity 

(less than 750 words), which indicated a lack of effort and did not allow for a meaningful 

evaluation of research skills.   

 

Interview data revealing graduate students’ perspectives of their research skill 

development and possible influences (teaching and/or research experiences) during the 

intervening year were then used to inform patterns of change detected in the proposals.  

In spring 2008, students participated in an individual, semi-structured interview designed 

to elicit rich, descriptive data (Creswell, 1998). 

 
Effects of Teaching and Research on Research Skill Development 
 

Overall, students in the Research Only group achieved a higher average gain in score 

from pre to post proposals (5.13 points) compared to other students (1 point), with the 

greatest gains occurring in the research skill development categories of Data Presentation, 

connecting Conclusions to data, explaining Alternatives and Limitations, and Writing 

Quality (Figure 1). While these differences are not statistically significant, these trends 

are expected to strengthen with increased sample size. 
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Figure 1. Comparison of pre and post research proposal scores by study group (n=14).  

Small sample size currently statistical significance. 

 

Students’ research tasks, and therefore proposal changes, were closely linked to their 

current year of matriculation.  First year students (n=6) made the greatest gains in Data 

Presentation and Analysis, as well as some improvement in their understanding of 

Validity and Reliability (Figure 2). These increases in Data Presentation and Analysis 

were most likely due to students’ inclusion of preliminary data in their post proposals.  

Students in general did not predict and discuss projected data well, and many students 

without preliminary data omitted these sections entirely in their pre proposals 

(Timmerman, Strickland, Maher, Hurst & Gilmore, 2009b).  It is surprising that first year 

students’ ability to explain their Experimental Design and to address its Limitations 

decreased from pre to post.  Second year students (n=6) did not appear to have one area 

where they greatly improved, but rather showed consistent gains across criteria.   

More advanced students (n=2) showed the greatest improvement in their ability to 

explain the Broader Impacts of their research.  This may suggest that students who are at 

a more advanced point in their research agenda are developing expertise and more able 

frame their research within a larger framework by identifying key questions of wide 

interest (Chi, Feltovich & Glaser, 1981; Schunn & Anderson, 1999).  If this were true, 

one would expect to see a corresponding increase in the Context portion of proposals.  

This was not seen, with pre and post proposals for experienced students (n=2) earning 

Context ratings of 2.00, indicating that no substantial changes had been made.  This is on 

par with the average Context rating for all participants (pre 2.07, post 2.22).  Contrasted 

with their Context ratings, experienced students initial Broader Impacts averaged only 

0.88, allowing ample room for improvement from pre to post proposal.  Another possible 

explanation is that students who are preparing to finish their degrees have begun to think 

in more detail about the “marketability” of their work, leading to a better awareness and 

explanation of the Broader Impacts of their research. 
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Figure 2. Comparison of change in research skills over time (differences in pre- and post-

proposal scores per criterion) by time in program for students who maintained their 

original research topic (n=12).  Small sample size currently statistical significance. 

 

Beginning students’ initial research experiences also led them to report incidents that 

caused them to rethink the scope or topic of their projects.  Three students significantly 

narrowed the scope of their papers, one of whom explained: 

In my proposal, I had it all neat and organized and broken down by this is what 

I’ll do for the first paper, second paper, and third paper. It was really unrealistic, 

I’m seeing now. …I just didn’t realize how much of a monster that was and it’s 

not even realistic. Maybe for an entire Ph.D., but not just for a section. I scrapped 

that and I’ve learned that you can’t do everything. 

 

These three students were first or second year students in their current programs, but two 

of them self-reported significant prior research experience.  This would seem to indicate 

that students who are starting a new project may not be able to easily transfer knowledge 

from previous research experiences regarding feasibility of a research plan.  The 

experience with their project system in the first or second year may be necessary for this 

skill to develop. 

 

Two first-year students submitted completely new research proposals in lieu of revising 

their initial efforts. When these “theme changers” post proposals were scored, they 

showed a decrease in quality in Validity and Reliability, Data Selection, Data 

Presentation, and explaining the Broader Impacts and the Limitations of their research. 

First year students who had not changed their theme and instead revised their former 

proposals showed gains in each of these areas. Interestingly, for theme changers, 
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Experimental Design and Analysis skills increased, while other students showed a slight 

decrease in Experimental Design (Figure 3). 

 

With increased sample size, these data may be able to elucidate the process by which 

students transfer research skills when beginning new projects or entering a new subfield 

of study.  It is currently unknown if the beginning (first or second year) students with 

significant prior research experience were responsible for designing and planning their 

previous work or if this is their first attempt at organizing a research agenda.  Current 

research efforts include collection of these data and we hope to be able to address this 

question in greater detail in the future. 

 
 

 
Figure 3. Comparison of change in research skills over time (differences in pre- and post-

proposal scores per criterion) of first year students who changed their theme (n=2) and 

those that maintained the same theme (n=4). Small sample size currently statistical 

significance. 

 

Student Described Connections between Teaching and Research Skill 
Development 

 

The effects of teaching on students’ research skill development appear to be more subtle. 

Of the ten STEM graduate students who taught this year, nine reported a specific effect 

that teaching had on their research skills. Five described becoming more aware of their 

audience, such as one noting, “It [teaching] will just help me to explain my work if I were 

to present it.  Be able to make it friendlier for the audience to be able to understand it.”   

However, most students did not connect the concept of increased explanation and broader 

impacts to scientific writing, but rather reserved this increased clarity for the “lay” 

audience, as described by one, “It’s helped me explain to people not in my field what I 

do… you have to catch yourself and not talk jargon but make sense to normal people.”  
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There was no notable increase in proposal quality for students reporting more audience 

awareness with the exception of one student who applied this awareness very directly to 

her research proposal. She described specifically discussing her project with her students 

and their reactions: 

 

I told the kids about my research and let them ask any questions related to my 

research. And I didn’t know the answers to all of them so I had to look it up and it 

helped me realize there was more that I needed to know if I was presenting to a 

crowd that doesn’t know my research…It  helped me learn more general 

background about my topic. I had been a little too focused.   

 

This student increased the quality of her introduction, removed extraneous information, 

and expanded her explanation of the Broader Impacts of her research.   

The other responses varied widely: one student reported that their knowledge of their 

field had expanded due to teaching; one student made a connection between problem 

solving in their research agenda and in teaching, and another noted that organizing 

classroom activities had made them aware of the necessity of detailed planning.  Seven of 

the ten students made comments that indicated they saw teaching and research as 

competing for their time, with one GK-12 participant describing her advisor’s concern as 

well as her own.  Students display a wide range of attitudes regarding the relationship 

between teaching and research as early as the first year (Maher, Timmerman, Hurst & 

Gilmore, 2009). 

 

Even when students specifically described a teaching experience and how they thought it 

related to their research, this did not always manifest in improvements to relevant 

sections of their research proposal.  For example, the student who described classroom 

planning stated: 

 

I suppose you have to have the clear, the methodology or procedure to follow to 

get from an idea to a result.  I have to teach my students how to read a problem 

and then get the right approach to solve it.  I think the better way, well that is 

another way to learn, another very good way to learn.   

 

This type of analytical thinking did not result in improvements to the Methods criteria of 

his proposal, although it may have contributed to the 1.25 point increase observed in the 

Discussion: Conclusions Based on Data criterion, which specifically rates the logical 

connection of the student’s conclusions to their hypothesis, study design, and results 

(Timmerman et al., 2009a).  Graduate students do appear to make some connections 

between teaching and the development of their research skills (Maher et. al., 2009), and 

when the connections are explicit, they result in concrete changes to students’ research 

proposals.  Students’ concerns about managing the time demands of both teaching and 

research (often reinforced by their mentors), may prevent them from seeing possible links 

between their teaching and research experiences.  However, intervention that aids 

students in self-reflection and meta-cognition may be useful in helping them make the 

connections they’ve self-reported more explicit.   
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Research Activities Affecting Research Skill Development 
 

Across all student levels (in terms of prior experience and time in program), the most 

consistent predictor of proposal change was the process of writing, revision, and/or 

presentation of work. Students who reported being primarily responsible for three or 

more publications or presentations showed the most gains in the quality of their research 

proposals (7.25 points, n=3), while students who have not yet published or presented 

showed a slight decrease in overall score (-1.58 points, n=3). Students who reported 

publishing or presenting one or two times showed an intermediate increase of 1.69 points 

(n = 8). For those students who were responsible for multiple publications or 

presentations, gains were seen across all criteria (Figure 4), regardless of students’ level 

of prior experience, as students’ numbers of publications varied at all levels.  There does 

seem to be a correlation between year in program and number of publications / 

presentations, although it is not statistically significant (R
2
=0.22) (Table 3). 

 

Table 3.  Self-reported number of publications and/or presentations by graduate students 

which occurred during the study academic year. 

Pubs/Pres # 0 1-2 3+ Total 

First- year students 3 3  6 

Second-year students  4 2 6 

Third-year and above  1 1 2 

Total 3 8 3 14 

 

 

 
Figure 4. Comparison of change in research skills over time by number of publications 

and/or presentations during this year. Small sample size currently statistical significance. 
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Contribution   
 

Little is known about the developmental trajectory of science and engineering graduate 

students’ research skills, and little investigation has occurred regarding what specific 

influences teaching and research may have. Such knowledge will provide new insights 

into our understanding of how to aid students in balancing teaching and research while 

maximizing the benefits of both experiences.  In the ongoing debate regarding the value 

of these two experiences, both at the graduate student and faculty levels of expertise, 

these findings can help us recognize the potential benefits of engaging in these two 

complimentary activities.  

 

While this data set is preliminary, it is encouraging that students are making connections 

between their teaching and research experiences.  By describing the types of connections 

that are most easily made (i.e. audience awareness), (as well as those that may be more 

difficult), we may be able to help students process these connections more explicitly, 

thereby maximizing their benefit. 

 

Additionally, our data not only indicate that students enter graduate school with a wide 

range of existing skills (Timmerman et. al., 2009b), but that they develop different skills 

at different times in their graduate study in response to specific research experiences 

(beginning a project, presenting their work, etc.).  We hope that with a larger sample size, 

it will be possible to more clearly describe this trajectory.  Such a trajectory can then be 

used as a map of skill development that allows for “just in time” intervention, allowing 

departments and mentors to address specific developmental needs at appropriate points in 

a student’s graduate program.   
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DO RESEARCH EXPERIENCES ENHANCE THE INQUIRY-ORIENTED TEACHING 
SKILLS OF STEM GRADUATE STUDENTS? 

 

Faculty often view teaching and research as competing priorities of which 

teaching is the less valuable (Bianchini, Whitney, Breton, & Hilton-Brown, 

2001).  This adversarial relationship typically stems from the assumption that the 

required skill sets for teaching and research are unrelated (Hattie & Marsh, 1996; 

Seymour, 2001).   However, this assumption has rarely been tested or empirically 

confirmed.  This study reports quantitative and qualitative data which suggest that 

participating in research experiences actually enhances the development of 

graduate students’ inquiry-based teaching skills.  Participants’ teaching skills 

were assessed using RTOP rating of videotaped lessons, students reported 

experiences, and semi-structured interviews with participants.  Participants 

engaging in concurrent research and teaching experiences significantly improved 

their inquiry-oriented pedagogical skills over the course of an academic year and 

did so with significantly higher gains than participants in a comparison group who 

taught but did not also pursue research activities. 

 

Cindy Stiegelmeyer, University of South Carolina 

David F. Feldon, Washington State University 

 

 

Introduction 
 

Graduate students in STEM programs typically pursue a variety of careers upon the completion 

of their degrees.  Some intend to exclusively conduct research in their areas of specialization.  

However, many also plan to dedicate part or all of their professional time to teaching STEM 

content at either the postsecondary or K-12 levels.  Regardless of their professional goals, many 

students also find themselves teaching undergraduate courses within their academic departments.  

Despite the variety of instances in which effective teaching skills would be beneficial for STEM 

graduate students, there are very few resources dedicated to their development (Luft, Kurdziel, 

Roehrig, Turner, Wertsch, 2004). 

 

Faculty often view teaching and research as competing priorities of which teaching is the less 

valuable (Bianchini, Whitney, Breton, & Hilton-Brown, 2001).  This adversarial relationship 

typically stems from the assumption that the required skill sets for teaching and research are 

unrelated (Hattie & Marsh, 1996; Seymour, 2001).   However, this assumption has rarely been 

tested or empirically confirmed.  It is our hypothesis that participating in research experiences 

actually enhances the development of inquiry-based teaching skills. 
 

Meta-analyses of research on this issue indicate no correlation between research publications and 

either teaching quality or teaching quantity for faculty in science disciplines (Feldman, 1987; Hattie 

& Marsh, 1996).  However, this result does not inform the value of research experiences for the 

development of teaching skills in graduate students.  Faculty members are more likely than graduate 

students to have reached the apex of their research skill development (Simonton, 2004), so changes 

in teaching load or student ratings would not covary with changes in skill level.  Further, these meta-



Proceedings of the NARST 2009 Annual Meeting 

analyses did not differentiate between pedagogical approaches or control for the level of overlap 

between research agenda and course content.   

 

Inquiry-based teaching (defined here as engaging students in authentic processes of science such 

as collaboration, hypothesis generation and testing, data collection, analysis and interpretation, 

and peer review) improves students’ scientific reasoning and critical thinking skills (Hogan, 

1999; Lawson et al., 2000; Osborne, Erduran, & Simon, 2004; Zohar & Anat, 1996).  The 

current study assesses the extent to which teachers’ involvement in research activities increases 

the frequency and success with which they use this pedagogical approach.  
 

Developing research skills and teaching using inquiry-based methods entail a considerable overlap of 

cognitive processes.  Researchers-in-training must reflect carefully on their own experiences and 

knowledge to refine their understandings of events in a similar way that teachers using inquiry-based 

methods must carefully analyze knowledge to scaffold students’ learning effectively.  Specifically, 

development of research-related metacognition is associated with the improved articulation of 

inquiry strategies on the part of the instructor (Berardi-Coletta, Buyer, Dominowski, & Rellinger, 
1995).  This finding is compatible with evidence of a strong correlation between instructors’ inquiry 

skills and their students’ gains in scientific reasoning (Adamson et al., 2003).   
 

This study addresses the following research questions: 

1) To what extent does an integrated teaching and research experience benefit the 

development of inquiry-based teaching skills? 

2) What facets of inquiry-based teaching skill improve as a function of participation in 

concurrent research activities? 

 

Procedure 
 

Using a mixed methods approach, we investigated the development of participating STEM 

graduate students’ inquiry-oriented teaching skills as a function of their research experiences 

over the course of an academic year.  Teaching skills were assessed from three perspectives— 

independent evaluation of videotaped lessons (Reformed Teaching Observation Protocol 

[RTOP]), opinions of students taught by participants (LEI), and participant self-reports 

(interviews; Learning Environment Inventory [LEI]).. 

 

Participants 
 

Participants were enrolled in either a STEM graduate degree program or an education graduate 

degree program in a STEM area.  Participants who participated in both teaching and research 

activities were two university teaching assistants (TAs) and 10 participants in the Graduate 

Teaching Fellows in K-12 Education (GK-12)/Partners in Inquiry (Pi) programs.  These 

programs employ STEM graduate students as resources for K-12 science and math teachers in a 

“classroom immersion” experience where they work directly with one or two classroom teachers 

and their students over an extended period of time.  Both programs promote inquiry as an 

instructional approach through extended collaborations between graduate students and grade 3-8 

teachers. The GK-12/Pi participants work with classroom teachers to develop teaching skills, 

foster STEM content understanding among teachers, and enrich students’ learning of relevant 

concepts and applications. The two programs differ in the time committed to them and the level 
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of support provided:  GK-12 participants receive funding for 20 hours of collaboration per week 

over the course of a calendar year with an extensive summer orientation program. Pi participants 

receive funding for 10 hours of collaboration per week over the course of an academic year with 

a limited fall orientation program. 

 

Data from these participants were compared to those who engaged only in teaching activities 

during the same timeframe
1
.  The teaching-only group consisted of four participants: two 

university TA’s and two middle school teachers enrolled in a PhD program in science or 

mathematics education. 

 

Instruments 
 
Reformed Teaching Observation Protocol (RTOP) 
 

RTOP provides standardized quantitative measures of inquiry-oriented, student-centered 

instruction in K-20 classroom instruction in science and mathematics based on videotaped 

lessons (MacIsaac & Falconer, 2002).  The 25 items on the RTOP instrument are partially 

derived from the principles of effective teaching as stated by the American Association for the 

Advancement of Science (1989) (Adamson et al., 2003) and the use of constructivist, inquiry-

based methods of teaching as advocated by professional organizations such as the National 

Council of Teachers of Mathematics and the National Association of Science Teachers 

(MacIsaac & Falconer, 2002).  Ratings on the 25 constituent items (each scored between 0 and 4; 

maximum total of 100) can be reduced to four indices: lesson design and implementation; 

instructor’s use of procedural content knowledge; communicative interaction; student-teacher 

relationship/classroom culture.  These indices have associated reliability estimates of 0.92, 0.95, 

0.91, and 0.87, respectively (Adamson et al., 2003; Piburn et al., 2000). 

 

The same items can also be grouped within themes that cut cross indices and have overlapping 

factor loadings:  pedagogy of inquiry; content pedagogical knowledge; reformed teaching; and 

community of learners (Piburn et al., 2000).  Statistics are calculated using both the RTOP 

indices and the RTOP groups.  Participants’ taught lessons were videotaped once in Fall and 

once in Spring.  These tapes were each coded by two trained raters (standardized inter-rater 

reliability using Cronbach’s alpha is α = .771), and final scores were determined by taking the 

mean rating for each item. 

 

Learning Environment Inventory (LEI) 
 

The LEI is a combination of items from two instruments—Constructivist Learning Environment 

Survey (CLES; Taylor, Fraser & Fisher, 1997) originally developed to assess the degree to which 

classroom practices support constructivist teaching practices and the What is Happening in this 

Class? Questionnaire (WIHIC; Aldridge, Fraser, & Huang, 1999) developed as a synthesis of 

past decades of learning environment instruments (Fraser, 2002).  The CLES has been used at 

both the college (McClure, Johnson, & Jackson, 2003; McClure, Johnson, Jackson, & Hoff, 

2000) and the K-12 levels (Haney & McArthur, 2002; Spinner & Fraser, 2002) and was 

originally validated in a cross national study between Australia and the United States (Taylor et 

                                                 
1
 There were originally 11 GK-12/Pi participants, but data from one was excluded from the study.  
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al., 1997).  The WIHIC has been validated in the US (Allen & Fraser, 2002; Pickett & Fraser, 

2002) and several other countries such as Singapore (Chionh & Fraser, 1998), Taiwan, and 

Australia (Aldridge et al., 1999; Huang, Fraser, & Aldridge, 1998).  

 

The 34 items ask students and their teachers to assess the frequency (almost never, seldom, 

sometimes, often, almost always) with which actions indicative of inquiry-focused and effective 

teaching actually occur in the classroom versus how often they would like to see those actions 

occur.  These are classified as ‘Actual’ results and ‘Preferred’ results.  For the current analysis, 

only the ‘Actual’ results were used.  The 34 statements are grouped into five categories that 

describe a classroom environment:  personal relevance (relating science to the world outside of 

the classroom), nature of science (opinion, cultures, and theories of science), student negotiation 

(interchange of ideas between students), investigation (analyzing, testing and discussing 

investigations) and involvement (teacher and student’s questions and explanations of ideas).  

Participants completed the LEI surveys the same day their lessons were videotaped and 

administered them to their students within two weeks.   

 

Interviews 
 

Subjects participated in semi-structured interviews at the beginning and end of the 2007-2008 

academic year.  Questions emphasized highly contextualized descriptions and explanations of 

participants’ perspectives on the development of their teaching and research skills.  Table 1 

shows the subset of questions specifically relating to participants’ teaching skills from both the 

fall and spring interviews.   

 

Table 1.  Teaching skills interview protocol. 

Fall Interview Questions (Pre) Spring Interview Questions (Post) 

1. How have your teaching skills changed over 

time? 

1.  How have your teaching skills changed 

since last September?   

2.  What types of experiences have helped you 

become a better teacher?   

2.  What experiences have helped you to 

become a better teacher since last September?   

3.  What teaching skills do you consider to be 

your strongest?   

3.  What teaching skills do you consider to be 

your strongest?   

4.  How do you think your teaching skills will 

change while you participate in the GK-12 

program? 

4.  How have your teaching skills changed 

since last September?   

 

Results 
 

RTOP and LEI data reflected no statistically significant differences in quality of teaching during 

the Fall semester between the Teaching Only and Teaching and Research groups.  However, the 

Teaching and Research group did improve significantly from Fall to Spring in several areas.  A 

Wilcoxon test of dependent samples (two-tailed) for RTOP data showed significant positive 

growth on the Content Pedagogical Knowledge group (Z = -2.060, p < .05) and the RTOP Total 

Score (Z = -1.826, p <.05) (see Figure 1).  A Wilcoxon test of dependent samples (two-tailed) for 

LEI data showed positive growth on the actual Personal Relevance (Z = -2.429, p < .05) and 

actual Student Negotiation (Z = -1.955, p ≤ .05) factors as reported by the students of the 



Proceedings of the NARST 2009 Annual Meeting 

participants (see Figure 2).  There were no statistically significant gains for Teaching-Only 

participants on either the RTOP groups and index measures or the LEI measures. 

 

Figure 1.  Change in Teaching & Research group RTOP scores by Groups from Fall to Spring.  

Bars are standard errors. 
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Figure 2. Change in Teaching & Research group LEI scores from Fall to Spring.  Bars are 

standard errors.                                                           
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Further, a Mann-Whitney test (one-tailed) indicated that the gains exhibited by the Teaching and 

Research group were significantly higher than those of the Teaching-only group.  On RTOP 

measures, the following differences were obtained: Content Pedagogical Knowledge group (Z= -

2.010, p < .05) and RTOP Total Score (Z = -1.791, p< .05) (see Figure 3).  On LEI measures, the 

following differences were obtained:  actual Personal Relevance reported by students (Z = -

1.757, p < .05) (see Figure 4), actual Personal Relevance self-reported by teachers (Z = -1.644, p 

≤ .05), and actual Nature of Science as self-reported by teachers (Z = -1.879, p < .05) (see Figure 

5). 

 

From the interview data, there were two major themes that emerged from each of our groups.  In 

the Teaching & Research group, the first theme emphasized changes in participant’s ability to 

adapt to students’ questions and prior knowledge.  The second theme described improvements in 

teaching confidence and overall comfort level in the classroom.  For the Teaching Only group, 

the first theme emerged from the participants experienced in teaching describing their struggle 

with implementing inquiry-based teaching skills into their classroom.  The second theme 

involved the participants with less teaching experience and their awareness of their own 

limitations in their teaching skills. 

 

Figure 3. Gains in Teaching & Research group versus Teaching Only group for RTOP scores.  

Bars are standard errors. 
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Figure 4. Gains in Teaching & Research group versus Teaching Only group for LEI categories – 

Student Responses.  Bars are standard errors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Gains in Teaching & Research group versus Teaching Only group for LEI categories – 

Teacher Responses.  Bars are standard errors. 
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Discussion of Results 
 

The RTOP results depict skill development in the Teaching & Research participants’ use of both 

content and pedagogy in planning, implementing and evaluating lessons.  The Content 

Pedagogical Knowledge group on the RTOP “reflects the teacher’s ability to understand 

students’ preconceptions and prior knowledge, and to respect that when designing a lesson,” 

(Piburn et al., 2000, p. 22).  This group also includes encouraging conjectures, challenging ideas 

of peers and the teacher, and valuing alternate solutions and alternative ways of interpreting 

evidence. 

 

The LEI results display an increase in the category of Personal Relevance for both the 

participants and their students in the Teaching & Research group.  Students were learning how 

science can relate to their lives outside of school and how they can integrate their class work 

with the world outside of the classroom.  The second LEI category that showed an increase in 

skill development for the Teaching & Research group is Student Negotiation.  Students were 

working and sharing their ideas more frequently in the spring than in the fall.  They were sharing 

their problem-solving techniques and questioning each other, which is indicative of an inquiry-

based classroom.  The Teaching Only group did not show statistical significance in this area.  

However, the experienced teachers in this group did display student sharing of ideas in the fall 

LEI and RTOP measures.  The less experienced teachers did not have these skills in the fall nor 

did they show as much improvement as the Teaching & Research group from fall to spring.           

 

The participants’ descriptions of their skill development in the interview data led to several 

emerging trends and themes.  The first theme in the Teaching & Research group highlighted the 

ability of participants to adjust instruction to meet the needs of their learners.  One participant 

stated, “Students are different so to make the students learn and to have them pay attention I 

think I had to make my lesson plans cater to those things.” Adapting to students during the 

teaching of the lesson was highlighted by several participants:  “Most of the time I’m able to 

modify the lesson plan depending on how the students react… I think I can modify the lesson 

plans on the go” and “I learned…to see that they were following or that they weren’t following 

and I learned about 50 different ways to change my lesson while it was going on which I 

couldn’t do last year.”  The second theme concerned an increase in comfort level and confidence 

in the classroom.  In one participant’s words, “I could feel myself getting more comfortable in 

front of you know, 40 pairs of eyes.  My confidence and even my eloquence has sort of 

improved.  I’m not “um” “um” “um” so much.”  Quantitative data for the two participants who 

emphasized basic teaching mechanics and comfort speaking in front of a class as their 

improvement areas were lower than their peers in the Teaching and Research group.  This 

suggests that there may be a minimum threshold of confidence before the benefits of combined 

teaching and research activities can be realized. 

 

Interviews from participants in the Teaching Only group revealed two general themes.  The first 

theme centered around experienced teachers describing their struggle with how to improve their 

inquiry-based teaching skills.  One participant stated, “I’m trying to use the inquiry skills that I 

feel comfortable with in science, but trying to figure out how to use that in mathematics.”  Less 

experienced teachers provided the second theme concerning the awareness of their own 

limitations in their teaching skills.  Another participant contributed, “I’m starting to become 
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impatient…it’s not really much of an impatient thing going; I think it’s pretty much setting my 

standards a little higher for my students instead of allowing them to slide by.” 

 

Results of this study suggest that teaching and research efforts can have mutually beneficial 

outcomes.  Not only did participants in the Teaching and Research group improve their inquiry-

based teaching skills over the course of the academic year, but they also improved at a greater 

rate than participants in the Teaching-only condition.  The primary areas of differential 

development were those that accommodated student to student interaction and inquiry as driving 

forces during pedagogical interactions.  Further, triangulation of the interview data with the 

quantitative findings reflected this trend for most of the participants.   

 

Contribution 
 

To date, much is assumed but very little is known about the relationship between teaching and 

research activities in the development of STEM graduate students.  This study provides initial 

evidence that research and teaching experiences can be mutually beneficial rather than 

detrimental.  As students prepare to take on professional roles in the STEM community, some 

may feel pressured to specialize in either teaching or research to the exclusion of the other.  The 

findings presented here suggest that those who engage in research can also benefit their inquiry-

oriented teaching skills. 
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PROFESSIONAL IDENTITY DEVELOPMENT IN TEACHERS  
OF SCIENCE, TECHNOLOGY, ENGINEERING, MATH,  

AND SCIENCE AND MATH EDUCATION  
 

Much of the science education community has advocated for a new vision of 

instruction emphasizing inquiry-based teaching (National Research Council, 

1996). Unfortunately, as Anderson (2002) notes, many science teachers are not 

adopting inquiry-based teaching practices for a variety of reasons such as that 

teachers commonly favor text-book approaches to instruction. To facilitate the 

adoption of reformed teaching, Luehmann (2007) argues that teacher education 

must address the development of one’s professional identity as a teacher. 

Unfortunately, little is known about the beliefs, values, experiences, and ways of 

acting and interacting that teachers in science and related fields use to form their 

professional teaching identity. Through repeated interviews with 18 graduate 

students who taught science and related disciplines, this study outlined 

generalizations defining the developmental trajectory of science educators’ 

professional identity. In general, for less experienced teacher participants,  one’s 

own experiences as a student were particularly influential in learning how to 

teach, while for more experienced teacher participants, coursework, self-

reflection, professional development experiences, and the review of professional 

journals were influential to skill development.  Study results generally reflected 

the trajectory of teacher development (from teacher-centered concerns to student-

centered concerns) put forth by Fuller and Bown (1975).  More detailed findings 

indicated, however, that co-teaching experiences may have assisted teachers in 

moving from more teacher-centered concerns, including a focus on one’s 

personality characteristics and ability to develop and implement engaging 

instructional activities, to more student-centered concerns, such as adjusting 

instruction to meet students’ needs and facilitating student investigations.  

Therefore, in this study, participants’ co-teaching experiences positively impacted 

their developing professional identities as inquiry-minded teachers.  

 

Joanna Gilmore, University of South Carolina 

Melissa Hurst, University of South Carolina 

Michelle Maher, University of South Carolina 

 

Introduction 
 

The science education community has advocated for a new vision of science instruction 

emphasizing inquiry-based teaching (American Association of Advancement of Science, 1993; 

National Research Council, 1996). Inquiry-based teaching is defined here as engaging students in 

authentic scientific processes such as developing hypothesis, collecting, analyzing, discussing 

and interpreting data. Previous research indicates that the use of inquiry-based teaching improves 

scientific reasoning and achievement for all students (Schroeder, et al., 2007, Shymansky, et al., 

1983).  
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Given previous research which indicates that prior beliefs about the nature of effective 

instruction, teacher affect, self-confidence, and ability to reconcile experience with theory 

influence one’s likeliness to adopt theory-based practices, Luehmann (2007) argues that teacher 

education must address the development of professional identity (defined by Luehmann as 

including professional philosophy, passions, commitments, ways of acting and interacting, 

values, and morals) in addition to the cognitive aspects of teacher education such as knowledge. 

Research by Forbes and Davis (2007) supports Leuhmann’s assertion that teacher identity has 

important implications for participation in reform efforts, specifically for how pre-service 

teachers engage with new curricula in the science classroom.   

 

Numerous scholars have theorized about identity and identity development (e.g., Erikson, 1968; 

Mead, 1934) and specifically teachers’ professional identity, presenting the research community 

with several ways of defining and investigating identity (see Beijaard et al., 2004 for a review). 

Common among teacher professional identity definitions is the notion that it is (1) a process 

involving ongoing reflection upon experience with the underlying questions “who am I?” and 

“who do I want to be?,” (2) developed through the interaction between the individual and the 

context of their experiences, (3) multifaceted consisting of sub-identities which may correspond 

to different contexts and relationships, and (4) constructed through the activity of the learner 

(Beijaard et al., 2004). Luehmann (2007) more recently described five necessary processes in the 

development of a professional identity as a reformed science educator, including (1) reconciling 

prior beliefs with reformed teaching, (2) locating identity within a community of practice, (3) 

managing emotional aspects of identity formation, (4) integrating experiences and theory, and (5) 

developing a sense of self-confidence. 

 

Though research on these five aspects of professional identity development as a teacher exists, as 

Adams and Krockover (1997) discuss, it is generally not specific to science or mathematics 

teachers. For example, Goodson and Cole (1994) explored identity development among new 

college instructors with no preparation, and Mawhinney and Xu (1997) studied foreign-trained 

teachers intending to teach in the UK. Some researchers, however, have specifically studied 

aspects of identity development among science educators, such as Maor and Taylor (1995), who 

examined science teachers’ beliefs about the nature of learning as they related to incorporating 

technology during inquiry teaching. Although these exploratory studies provide some 

information for teacher educators, as Volkmann and Anderson (1997) note, specific knowledge 

of how science teachers construct professional identities is scarce.  

 

One comprehensive view of teacher identity development, conceptualized over three decades 

ago, is based the work of Fuller and Bown (Fuller, 1969; Fuller & Bown, 1975). This view 

proposes that teachers undergo a series of developmental stages
1
 characterized by unique 

concerns. In the first stage, Fantasy, which occurs prior to actual teaching, prospective teachers 

romanticize about the experience ahead. Fuller and Bown (1975) note that in this stage, the pre-

service teacher can better identify with the students’ perspective than the teachers. Thus, students 

in this stage are often overly critical of their own teachers, or of teachers who they observe 

during early field experiences.  The Survival stage begins after entering the classroom and 

                                                 
1
According to Fuller and Bown (1975) the changes that they investigated in teacher’s concerns may be stages or 

may be better described as clusters of concerns. (p. 37).  
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encountering a crisis usually related to classroom management or mastery of content. During this 

stage, the teacher struggles to achieve a sense of worth and identity.  This struggle usually 

translates into concerns about class control, being liked by students, or evaluation from other 

educators and administrators. The third stage, Mastery, occurs as teachers begin to develop 

mastery over their content and pedagogical knowledge adaptable to different situations. The 

teacher in this stage is able to engage in more systematic reflection about their instructional 

practices. As Fuller and Bown (1975) note, however, these stage indicators focus on the 

teacher’s own performance, not on indicators of student learning. In the Impact stage, the 

somewhat more experienced teacher is better able to focus on individual students and their 

needs; rather than being concerned about the evaluation of others, he or she is mostly concerned 

with self-evaluation (Fuller, 1969).  

 

The researchers of this current effort found it helpful to consider how Fuller and Bown’s (1975) 

developmental trajectory was related to discussions of teacher-centered or student-centered 

instruction
2
 where in student-centered instruction, students have considerable control over what 

they learn and how they learn. In the process, the researchers created Figure 1.  As Figure 1 

shows, beginning teachers are highly concerned with students. However, this concern decreases 

after entering the classroom.  The teacher becomes focused initially on his or her own identity 

and knowledge (survival) and then becomes concerned about his or her teaching methods 

(mastery).  After a fair amount of teaching experience, the teacher becomes less concerned with 

him or herself and is better able to focus on individual students and their learning outcomes.  

Though the authors were unable to depict the qualitative differences between stage 1 and stage 4 

in this figure, it is important to remember that teachers’ student-centered concerns of Stage 1 

differ from those of Stage 4 in that these concerns are largely unrealistic; they are based on the 

pre-teacher’s experiences as a student alone and expectations for student learning at this stage are 

not understood in terms of teaching practices. 

 
 

Figure 1. Relationship Between Fuller and Bown’s (1975) Stages of Teachers’ Concerns and 

Notions of Student- and Teacher-Centered Instruction 

                                                 
2
 Some researchers use the terms teacher-directed and learner-directed however, because as Ormrod (2006) notes, 

most instructional strategies “focus on the student’s learning; the essential difference lies in who has control of the 

instructional activity” (p.435).  
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Although Fuller and Bown’s work (1975) provides a framework for understanding how the 

concerns of teachers change with experience, their theory was formed based upon observations 

of pre-service educators, and the stages that these authors proposed are not specific to science 

educators.  However, some research on teacher identity development has been conducted 

specifically with science educators. For example, the work of Volkmann and Anderson (1997) 

represented an initial contribution to understanding how science educators construct professional 

identities. The study used an in-depth phenomenological approach, which has become common 

in studies exploring teacher identity development (Carter & Doyle, 1996). Though the work of 

Volkmann and Anderson (1997) provided knowledge about the struggles encountered by a single 

beginning science teacher and her constructed personal narrative, these authors were unable to 

make generalizations about the developmental trajectory of science educators’ professional 

identity though their study generally supported Fuller and Bown’s framework. Thus the purpose 

of this study is to determine how well Fuller and Bown’s framework could capture important 

aspects of teacher identity development among several teachers from STEM-ED disciplines.  

 
Method 

 
This study, part of a larger project investigating a multitude of factors affecting the development 

of graduate student research and teaching skills, explores how professional identity as teachers is 

shaped among graduate students who teach in science and related fields including technology, 

engineering, math, and math and science education (STEM-ED).  

 

Given the need for instructors to conceive of themselves as inquiry-minded teachers 

(Leuhmman, 2007), it is important to understand the development of teaching identity as a 

reflection of values in the STEM-ED disciplines. It has been argued that part of the support 

necessary to encourage the adoption of inquiry teaching practices includes preparation that 

encourages students to reconsider and integrate their values, beliefs, and experiences, in the 

formation of a new professional identity (Forbes & Davis, 2007; Leuhmann, 2007).  

Unfortunately, this poses challenges to individuals who prepare future educators because little is 

currently known about the beliefs, experiences, values, commitments, and patterns of interaction 

that science educators, and specifically graduate students, bring with them to their studies.  

 

This study will provide insights about STEM-ED teachers’ identity development and formative 

experiences through examination of four research questions including: 

 

(1) How do participants believe they learned how to teach/teachers learn how to teach? 

(2) How do participants describe themselves as teachers and their strengths as  

teachers? 

(3) What changes are observed in participants’ identity as a teacher and teaching skills 

over the course of an academic year?  

(4) What experiences contribute to changes in teaching skills or identity?  

 

A fifth research question will determine how well the developmental trajectory put forth by 

Fuller and Bown describes the observed changes for a group of graduate students in STEM-ED 
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fields (Fuller, 1969; Fuller and Bown, 1975):  

 

(5) How do responses to the previous questions compare for experienced vs. less 

experienced teachers?   

 
Participants 

 
The 18 graduate student participants were enrolled in either Masters or Doctoral programs in 

STEM-ED fields at a single large, Tier-I research university in the southeastern United States. 

More information about the degree that the 18 participants were seeking during 2007-2008, as 

well as the participants’ gender, field of study, and year in the current degree program are shown 

in Tables 1 through 4.  As table 5 shows, of the 18 participants, 11 participants were GK-12 and 

Pi Fellows
3
 who co-taught with a partnering teacher in a K-12 setting as part of their fellowship 

programs. Three participants served as university teaching assistants which included teaching 

introductory-level undergraduate courses in their field of study.  Four of the participants in this 

study had autonomous teaching positions which included working as a K-12 public school 

science teacher, teaching introductory science courses at a local teaching college, and teaching 

undergraduate courses as well as working as a liaison for a professional development school.  

Participants’ prior teaching experience varied greatly, from veteran teachers with 30 years of 

experience to individuals who had never taught in a formal instructional setting. 

 

Table 1. 

Current Degree of Study Participants 

Degree Number 

Masters   3 

PhD 14 

EdD   1 

Total 18 

 

 

Table 2. 

Academic Field of Study Participants 

Field Number 

Engineering   6 

Physical/Biological Sciences   6 

Education   5 

Computer Sciences   1 

Total 18 

 

 

 

 

                                                 
3
 GK-12 is a fellowship program funded by the National Science Foundation (NSF) designed to prepare future 

faculty in Science, Engineering, Computing, and Math. The Pi program is a University of South Carolina funded 

program that mirrors the NSF GK-12 program where graduate students and middle school science teachers are 

partnered for one academic year. 
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Table 3. 

Year in Current Degree Program 

Year in Current Degree 

Program Number 

First Year   5 

Second Year   4 

Third Year   4 

Six Year   2 

Eighth Year   1 

Year Unknown   2 

Total 18 

 

 

Table 4. 

Gender of Study Participants 

Gender Number 

Male   9 

Female   9 

Total 18 

 

 

Table 5. 

Teaching Assignment of Study Participants 

Teaching Assignment Number 

GK-12   7 

Pi   4 

University Teaching Assistant   3 

Autonomous Teaching Position   4 

Total 18 

 

Data Collection 
 

Students participated in semi-structured interviews in early fall of 2007 and late spring of 2008. 

Initial interview data served as a baseline to examine changes in these areas over an academic 

year. Interviews were about 30 minutes in length and examined participants’ co-teaching 

experiences, mentoring experiences, identity as a teacher and researcher, teaching and research 

skills and views related to teaching and research. All interviews were audio recorded.  

 

Data reported in this paper came from four interview questions including (1) How did you learn 

how to teach (or in the case of participants who did not feel they had learned how to teach, how 

do you think teachers learn how to teach?), (2) How would you describe yourself as a teacher?, 

(3) What are your strengths as a teacher?, and (4) What experiences have helped you become a 

better teacher? Considerable overlap emerged between the categories that resulted from coding 

responses to interview questions 2 and 3 as well as between the responses of each individual to 
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items 2 and 3.  Since the authors did not feel that these items yielded unique, independent 

information, they decided to analyze the data to questions 2 and 3 jointly in order to gain a fuller 

picture of each teacher’s preferences, skills, etc.  

 

Analysis 
 

The process of transcription served as a preliminary level of analysis of the semi-structured 

interviews.  Following transcription, a domain analysis to explore for relationships between 

terms for inclusion in a category was conducted (Spradley, 1980). For example, statements such 

as “talking with students,” “relating to students,” and “caring about students” were all coded as 

“ways of building relationships with students.” Numerous changes were made to the coding 

scheme as analysis unfolded, resulting in a grounded theory of similarities and differences 

among participants’ experiences and views (Glaser & Strauss, 1967). All codes were then 

reviewed using the revised coding scheme. 

 

All participants were categorized based on level of prior teaching experience. Ten participants 

were categorized as less experienced teacher (LET) participants and eight were categorized as 

experienced teachers (ET) participants. LET participants included five students who had not 

previously taught in a formal instructional setting and five students with some teaching 

experience, generally about one academic year in length. Participants categorized as ET 

participants had between three and 30 years of experience. The decision to analyze the data in 

light of previous teaching experience was informed by research (Fuller & Bown, 1975; Ryan, 

1986) indicating that beginning teachers experience distinct challenges from experienced 

teachers. Examining participants’ identity formation as a function of prior experience also 

highlighted differences between novice and experienced teachers, which may provide insights 

into the developmental trajectory of STEM-ED teachers’ identity, and which may provide 

implications for differential professional preparation. According to Fuller and Bown’s (1975) 

categorization, all participants in the LET group are in the survival stage, and participants in the 

ET group would likely be concerned with issues associated with the mastery or impact stages.  

 

After all coding was finalized and all participants were categorized as either LET or ET 

participants, the frequency of each code was calculated for both groups. The process of data 

transformation allowed the researchers to capitalize on the strengths of both quantitative and 

qualitative research methods. Specifically, quantitizing qualitative data assisted in identifying 

patterns in the data and maintaining analytical integrity which are common reasons for engaging 

in data conversion (Teddlie & Tashakkori, 2009). In terms of identifying patterns in the data, 

quantification assisted the researchers in making inferences about the most commonly held views 

both within and across participant groups. In terms of analytic integrity, quantification assures 

that the researchers have not “discounted” important data which can occur when vivid responses 

are allowed to outweigh other accounts or when data are ignored, underweighed, or “cleaned up” 

(Sandelowski, 2000). The results of the analysis are presented in the following section. Tables 

that summarize participants’ responses only include codes that were represented at least two 

times in the data.  

 
Results and Discussion 
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Learning to Teach 
At the initial interview, students described how they learned to teach. Overall, both LET and ET 

teachers tended to discuss learning to teach through informal methods such as through trial and 

error or experiences as a student rather than formal methods such as coursework.  In part, this 

may reflect the nature of the participants included in this study, many of whom have not taken 

courses in schools of education.  Table 6 displays emergent themes with associated frequencies.  

 

Table 6. 

Participants Beliefs about How they Learned to Teach 

 

LETs  ETs  Tota

l N 

Trial and error/practice 
 4  6 

 
10 

Observing my 

teachers/Experiences as a student 
 5  2 

 

7 

Course work/practicum 

experiences 
 2  5 

 

7 

Observing family member 

teaching 
 2  2 

 

4 

Collaborating with others 
 1  2 

 
3 

Tutoring siblings or peers at an 

early age 
 2  1 

 

3 

Observing teachers in the field 

(not my teachers) 
 0  2 

 

2 
Note. The sample size for LET and ET participants is 9.  The frequency represents number of individuals rather than 

number of instances in which each code appeared.  

 

Almost all of the participants in this study recognized learning to teach as a process and their 

responses as a whole depicted learning to teach as a cycle of implementation, feedback, and 

adjustment, or trial and error. One LET participant described learning to teach through practice 

in the following quote:  

 

Mostly going through it, doing it…[that is helpful in] just developing the skill and also 

making sure you maintain it because it’s something if you, and there are times where it 

might be a year and a half before where I wasn’t tutoring anyone or doing anything and 

try to pick that back up is always a little harder and so just maintaining some kind of 

education work is always important I think. 

 

An ET participant explained, 

 

Where I really learned how to teach, that was on the job…I learned to teach after I got 

into teaching, not necessarily through a formal, well developed education program. 

 

Both groups of participants talked about observing their own teachers as a source of information 

about learning how to teach. As one ET participant said: 
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I had a Geology professor and my science methods instructor who were very hands-on 

teachers. They are the ones that really turned me on to wanting to teach science and so I 

think I’ve learned a lot from the way they taught and how they modeled. 

 

Another LET participant stated, “I learned how to teach, I guess from my undergrad instructor 

and they were just an excellent example of what I think a teacher should be…” Overall, LET 

participants tended to discuss learning how to teach through observing teachers in the field much 

more frequently as compared with ET participants.  This finding is consistent with Fuller and 

Bown’s (1975) description of the process of learning to teach as well as previous research by 

Eraut (1985), Goodman (1988), and Bullough (1991) which indicates that educators are guided 

by powerful images from events experienced as a student which influence their desire to teach, 

desired teaching location and field, expectations, interpretations, and behaviors as a teacher. 

Bullough (1991) hypothesized that these images of self developed through experiences as a 

student are a necessary prerequisite to the development of teaching identity and skills.   

 

Both LE and ET participants described drawing upon coursework or practicum experiences in 

learning how to be a teacher, although ET participants discussed the importance of these 

experiences more commonly. As one ET participant stated: 

 

Honestly, the courses that I’m taking, the courses I’m selecting, this program is a big, big 

help. Especially when I have courses like Social Class & Diversity, those things actually 

help me a lot. From last year to this year, I could see changes just based upon that one 

particular course. 

 

The fact that more LET participants described ways in which coursework or practicum 

experiences have influenced their ability to teach may reflect the nature of the LET participants. 

Specifically, LET participants in this study were generally from Science, Technology, 

Engineering, and Mathematics backgrounds and had not had the opportunity to take courses in 

education.  

 

Both LET and ET participants described how early experiences observing family members teach 

have impacted them. As one LET participant said: 

 

I watched my aunt, she was a teacher and she allowed me to grade papers for her and 

things like that.”  Similarly, LE and ET participants talked about how early experiences 

tutoring peers or siblings impacted their ability to teach. As one ET participant explained, 

“I have four brothers and my mother and father, neither graduated from college or high 

school…And I would help my brothers with their homework…So, I think it came 

naturally because I was the only girl and my brothers, they really needed help. I did that. 

Being grown up in a rural area, not too many things to do but play teacher. So, you know 

teach my little brothers about ABC’s and things that I knew because three of them are 

younger than I am. That helped out a lot. 

 

Two ET participants and one LET participant also identified collaboration as a strong influence 

on their ability to teach. As one of these ET participants explained: 
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One thing I love to do is to share my experience with other teachers and try to learn a lot 

from other teachers. Every time I have to deal with a teacher that is successful, I get to 

learn. I always have to learn, tell me what is the secret. How he does it in class? What 

kind of plan can we use to deal with at this time, to touch our students? 

  

Two ET participants also talked about the value of observing teachers in the field other than 

one’s own instructors.  As one of these ET participants explained: 

  

I think supervising student teachers has helped and watching people do things right or 

wrong, watching how it plays out, and then being able to analyze other people’s teaching 

and then you see why it is good or bad to do a certain thing. 

 

In part, ET participants may have cited interactions with other educators more frequently as 

compared with LET participants because ET participants may have had more opportunities to 

engage with other professional educators. Alternatively, ET participants may have been better 

able to make use of these opportunities for collaboration. Support for this hypothesis comes from 

previous research which suggests that critical examination of teaching is an essential element of 

improving instruction through teacher collaboration (as cited in Borko, 2004). Findings also 

suggest that critical assessment of teaching is rare and challenging to foster, requiring the 

establishment of trust, communication norms, mutual respect, and the ability to critique 

instruction (as cited in Borko, 2004). Thus, even when provided with opportunities that allowed 

them to engage in professional collaboration, LET participants may not have been as capable of 

critically assessing instruction and thus the collaboration may not have been as fruitful.   

 

Identity and Strengths as a Teacher 
 

All participants were asked to describe themselves as a teacher and describe their strengths as a 

teacher during both interviews.  Emergent themes in response to these questions along with 

associated frequencies are presented in Table 7.   

 

Table 7. 

Self-reported Aspects of Participants’ Identity and Strengths as Teachers 

  Initial Interview   Final Interview 

  LETs ETs   LETs ETs 

Engaging class in instruction  
 5 6  2 2 

Adjusting instruction  
 1 3  3 4 

Encouraging student discussions 
 2 3  2 2 

Facilitating student investigations 
 1 3  3 2 

Establishing relationships 
 3 1  1 3 

Providing comprehensible explanations 
 3 1  4 0 

Nurturing aspects of personality 
 3 1  1 1 

Dynamic aspects of personality  
 3 2  1 0 
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Organization/Ability to plan for instruction 
 3 0  1 1 

Providing feedback to students 
 1 1  1 2 

Content knowledge 
 0 2  0 2 

Identifying and addressing student 

misconceptions 
 1 1  1 1 

Developing as a teacher 
 3 1  0 0 

Patience/use of wait time 
 2 0  3 0 

Positive image of self as teacher in general 
 0 1  1 1 

Using a variety of approaches 
 0 0  1 1 

Collaboration (with individuals other than 

students) 
 0 1  1 0 

Encouraging multiple problem solving 

approaches 
 0 1  0 1 
Note. The sample size for LE and ET participants is 9.  The frequency represents number of individuals rather than 

number of instances in which each code appeared.  

 

Participants in both the ET and LET participant groups noted that they excelled at engaging their 

class in instructional activities, although they neglected to identify specific instructional 

strategies used. Instead, participants who cited this ability generally emphasized utilizing 

techniques that spark and retain students’ attention such as one LE participant who said: 

 

I like to get up and move around. I like to get the students involved. I like to do things 

they don’t expect, trying to get their attention. 

 

As compared with LET participants, ET participants more frequently cited the ability to adjust 

instruction to meet students’ needs as a teaching skill or an aspect of their identity as a teacher. 

These individuals talked about adjusting instruction based on students’ cultural background, 

level of prior knowledge, motivation, and rate of comprehension. As one ET participant stated at 

the final interview: 

 

so I think I present my information in the content of science in a way where students can 

understand. I like to refer to it as culturally relevant. I teach a lot of minority students at 

Kaplan and certain things in science are so hard to grasp and I like to tie things back to 

their home life or I love to make jokes, sometimes they laugh, sometimes they don’t. 

 

The fact that more ET participants cited this ability at the time of the initial interview is 

consistent with Fuller and Bown’s (1975) theory in that these teachers are likely in the mastery 

stage in which teacher are becoming more knowledgeable about the tools to use in a given 

instructional situation or the impact stage of teaching in which they are hypothesized to be more 

concerned about the impact of teaching methods on students and more concerned about the needs 

of students. It is somewhat unexpected for the three LET participants to have reported this ability 

by the time of the final interview. For one of these participants, this finding could be reconciled 

by the fact that he had had a fair amount of teaching experience including serving as a teaching 
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assistant for three academic semesters. The other participants, however, had either no or minimal 

teaching experience prior to 2007-2008.  Both of these participants, however, were GK-12 

students: thus, they may have been able to develop the ability to adjust instruction due to the 

nature of the co-teaching experience. For example, the partner teacher with whom one of the two 

specified LET participants was paired may have provided assistance in terms of facilitating an 

effective learning climate and establishing classroom management procedures. In turn, this may 

have allowed the LET participant to more quickly shift his focus from behavior to instruction 

and specifically to adjusting instruction to meet students’ needs. 

 

Several participants in both groups also talked about engaging students in classroom instruction 

through encouraging discussion between students, between teacher and student, or both. 

Numerous theorists and scholars have emphasized the critical role of providing opportunities for 

discussions with and among students in the development of scientific reasoning skills, such as 

Vygotsky and Piaget. Vygotsky’s cultural historical theory states that all higher psychological 

functions begin as social activities (Gredler, 2005). Thus collaboration between individuals and, 

specifically, interaction with highly capable individuals, generally the teacher, is essential to 

cognitive development in Vygotsky’s theory (Gredler & Shields, 2007). Piaget also ascribed an 

important role to social interaction and collaboration among learners, indicating that “knowledge 

acquisition is in fact a co-construction in collaboration” (as cited in DeVries, 2006). In Piaget’s 

theory, collaboration promotes advanced reasoning because individuals present alternate 

worldviews or perspectives. When the learner considers the other’s point of view, they may 

experience cognitive conflict or disequalibration which Piaget theorized promotes cognitive 

development as the learner searches for logical coherence and equilibration.   

 

One LET participant who did not talk about the ability to encourage student discussions at the 

time of the initial interview stated at the final interview: 

 

I am really open with my class this year I don’t have so many behavioral problems to 

deal with so I can be really laid back and open and let the kids have kind of an open 

forum and we have a lot of class discussions so I guess more than a teacher I feel like I’m 

kind of a facilitator. 

 

At the time of the final interview, this participant had just completed his first year of co-teaching, 

which represented his first formal teaching experience. Thus, the change in focus from an 

emphasis on classroom management to an emphasis on instructional practice is consistent with 

change in concern hypothesized by Fuller and Bown (1975). This participant, however, may 

have reached this stage somewhat more quickly than expected given that he had only had 

engaged as a course instructor twice per week for one academic year. This premature change, 

however, may reflect the benefits of co-teaching. Research by Eick, Ware, and Williams (2003) 

supports this notion. From their study of pre-service educators who engaged in co-teaching 

experiences with K-12 teachers, they concluded that: 

 

Greater assuredness in interacting with classroom students now is evidence of the 

beginning development of classroom management and discipline skills. This coteaching 

arrangement appears to have begun this process of development in a teacher-supportive 

environment. This earlier development of the experiential knowledge of managing 
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students may allow student-teachers to move to other concerns or issue in their teaching 

sooner (p. 82).  

 

Another strategy that several teachers reported using to increase student engagement was 

encouraging student problem-solving, exploration, and investigation. One LET and three ET 

participants discussed this ability during the initial interview. As one ET participant explained: 

  

I like to present problems to the students that let them discover the answers, and let them 

be the problem solvers. I have been fortunate in that’s pretty easy for me to do teaching 

just math and science…my district uses the…delta science modules and even though I 

have those and I use those I don’t go step by step with the teachers guide. I might present 

a lesson but then allow the children an opportunity to come up with their own 

investigations. 

 

Although only one LET participant cited this ability during the initial interview, several LET 

participants discussed the importance of student investigations during the final interview, 

providing some indication that these participants have developed more inquiry-minded 

instructional practices.  Comparison of the LET and ET participants’ descriptions of facilitating 

student investigations revealed some important differences.  Specifically, the three LET 

participants who were coded as placing importance on student investigations during the final 

interview discussed encouraging students to be hands-on and thinking of themselves as hands-off 

teachers. The ET participants who described this strategy at the final interview more 

comprehensively depicted inquiry teaching including a discussion of having a lesson objective in 

mind in terms of what students will learn from their investigations and having the children 

develop their own research questions. As one of these ET participants said,: 

 

In the classroom I see myself more as a facilitator and definitely not a teacher that sees 

herself just as a transmitter of the knowledge or the great knowledge holder that you give 

to all the children. My children tend to be very involved in discovery based learning, as 

much inquiry as I possibly can. I really work hard with them to get them to solve their 

own problems…allowing them the time to come up with a plan to investigate it or a plan 

of where are they going to go to find the information and then also giving them time to 

come back together and talk about what they found and start making connections. I am 

not the type of teacher who you are going to find in the front of the classroom just giving 

a lecture. 

 

The ability to build relationships and relate to students was also discussed by several LET and 

ET participants. Interestingly, at the time of the initial interview, more LET participants 

identified this strength while more ET participants identified this ability at the time of the final 

interview. According to Fuller and Bown’s (1975) theory, ET participants would be more likely 

to be concerned about establishing individual relationships with students. Analysis of these 

participants’ responses, however, indicated that the ET participants who described the ability to 

establish relationships with students noted this ability in terms of going beyond classroom 

instruction. For instance, one ET participant whose response was coded as “good at establishing 

relationships with students” said: 
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I am very approachable, and so therefore the students ask me whatever questions they 

have, they feel comfortable asking that question. They always spend time with me after 

class trying to get more – asking me, ‘what would you do in this situation?’ 

 

while an LET participant who was identified as such stated:  

 

Well, I’ve think I got now where I can communicate with the students very well. I think I 

do a good job relating, they seem to, but, I mean, I just don’t know. You don’t get a 

whole lot of feedback about it. I think I relate well – they seem to know when I try to 

give examples or connect things. They seem to understand what I am saying. 

 

LET participants commonly identified one of their teaching skills as the ability to provide 

understandable explanations including using multiple means to describe phenomenon, providing 

clear descriptions, using numerous examples, and providing analogies. One LET participant who 

was described this ability stated that: 

 

I am able to break down the information so they can understand it. I give a lot of 

examples so even if they don’t see it they are able to relate it to things outside the 

classroom, I would say.  

 

Three LET participants described this ability at the time of the initial interview and four LET 

participants noted this ability at the time of the final interview. This provides some indication 

that the teaching experiences of these LET participants facilitated their ability to communicate 

their subject matter. Other researchers who have studied the impact of participating in the GK-12 

program have similarly reported that following participation, GK-12 participants are better able 

to communicate about their own research (as cited in Sevian & Gonsalves, 2008). The lack of ET 

participants reporting this ability was unexpected.  

 

Several participants also identified nurturing characteristics of their personality that they felt 

were fundamental aspects of their professional identity (such as being helpful, caring, friendly, 

approachable, patient, kind, respectful, encouraging, or personable) or dynamic aspects of their 

personality which allowed them to get students’ attention (such as being enthusiastic, 

captivating, goofy, or energetic).  Almost all of the participants who discussed these personality 

characteristics were LET participants, and they generally only described personality 

characteristics as part of their identity as teacher during the initial interview. Fuller and Bown’s 

(1975) theory of teacher development indicates that teachers in the survivial stage, which occurs 

during the first year of teaching, are experiencing serious crisis about their identity and sense of 

worth (Ryan, 1986). This concern with self may explain why many of these participants 

(particularly at the initial interview which occurred about one or two months into their teaching 

experiences) reflected on their personality and possibly were reconstructing or reconsidering 

their personality and personal identity as well as developing the professional teaching identity.   

 

Only ET participants talked about mastery of their subject area as an aspect of their teaching 

identity and/or strengths as a teacher.  The fact that no LET participants identified themselves as 

having expertise in their subject-matter may reflect the Fuller’s (1969) finding that new teachers 

are often concerned about the adequacy of their subject-matter knowledge.  
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Organization or planning for instruction was a skilled that was almost exclusively discussed by 

LET participants.  Rather than interpreting this finding as evidence of differential ability, the 

authors of this study believe that this difference reflects that LET teachers are much more 

concerned with planning for instruction as compared with ET teachers. This is consistent with 

the work of Adams and Krockover (1987) who found that beginning teachers were often highly 

concerned with preparing for instruction including concerns about organization, timing, 

sequencing, and presentation of content. Other qualities that participants described as primary 

components of their identity as teachers can be seen in Table 7. 

 
Experiences that Improved Teaching 

 
In both the initial and final interview, students described experiences they felt had improved their 

teaching during the academic year. Table 8 shows emergent themes with associated frequencies.  

 

Table 8. 

Participants’ Experiences that Improved their Teaching 

 Initial Interview  Final Interview 

 LETs  ETs  LETs  ETs 

Co-teaching with my 

partner teacher 
 2 

 

1 

 

2 

 

3 

Interacting with 

students/ Feedback from 

students 
 3 

 

2 

 

2 

 

2 

Classroom-level 

challenges  
 0 

 

0 

 

2 

 

3 

Students who present 

challenges (academic 

and behavioral) 
 0 

 

2 

 

2 

 

0 

Observing my 

teachers/experiences as 

a student 
 2 

 

0 

 

1 

 

0 

Reflecting on one’s own 

teaching experiences 

 0 

 

2 

 

0 

 

1 

Talking with 

peers/colleagues 
 1 

 

1 

 

1 

 

0 

Reading journals/books 

in field  
 0 

 

1 

 

0 

 

1 

Professional 

development 

experiences 
 0 

 

2 

 

0 

 

0 



Proceedings of the NARST 2009 Annual Meeting 

 

 16 

Note. The sample size for LET and ET participants is 9.  The frequency represents number of individuals rather than 

number of instances in which each code appeared.  

 

The most commonly cited formative experience was co-teaching with a partnering teacher. 

Eleven of the students interviewed engaged in this experience as part of their graduate 

fellowships, seven
4
 of whom identified this experience as particularly influential on their 

teaching skills during the initial and/or final interview. Many of the participants also described 

specific aspects of their co-teaching experience that were beneficial in the development of their 

teaching skills. LET participants discussed the benefits of being able to facilitate student 

investigation and experiencing challenges in doing so such as dealing with students who were 

not engaged in the lab which resulted in developing strategies for cooperative learning.  Another 

student noted the challenge she experienced when implementing a lab which took more time than 

expected. This LET participant discussed how she learned to better plan for instruction and 

realized the need to be able to adjust instruction frequently. She contributed acquiring this 

knowledge, in part, to her co-teacher’s willingness to allow her to make mistakes in the 

classroom. As she explained: 

  

[My partner teacher],…he basically let me screw up a couple of times and like there’s 

one time where I roasted, ran over time and we didn’t have time to finish about half the 

activities that we planned but he says “that’s ok, that happens,”…I learned a lot working 

with [my partner teacher] – that just nothing tends to go as planned and that’s going to be 

ok and …you just have to be able to adapt like ultimately the classroom as the 

responsibility of the teacher… 

 

Similarly, two ET participants identified the benefits of addressing student and classroom 

challenges when facilitating student investigation.  Other benefits cited among the four ET 

participants included being able to jointly reflect on teaching practice and outcomes, and  

development of new instructional activities and knowledge about a related content area and 

students’ cultural background.  Comments about the experience of teaching with partner teachers 

reveal some differences in the kinds of co-teaching experiences that the participants’ found 

beneficial. For example, the ET participant who discussed developing new instructional activities 

and knowledge emphasized how important it was to her that her partner teacher “tells me the 

truth,” while the LET participant who was previously quoted and one ET participant seemed to 

find their partner teacher’s willingness to allow them to “try things out” and make mistakes as a 

benefit. Opportunities to try things out and “fail on occasion” were documented as important to 

beginning teachers in Fuller’s (1969) study.   

 

Both LET and ET participants discussed the benefits of interacting with and receiving feedback 

from students. Of the LET participants who noted the importance of feedback at the initial 

interview, only one identified adjusting instruction based on student input, which involved 

speaking more slowly. Both ET participants who discussed the importance of receiving student 

feedback at the initial interview discussed adjusting instruction accordingly. One ET participant 

who described using student input to adjust instruction explained: 

 

                                                 
4
 One of the ET participants cited co-teaching as particularly beneficial during both the initial and final interviews. 
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The feedback from the students is I guess the most important because you have to cater to 

the students at the end. I usually talk to my students at the beginning of the semester, at 

the middle of the semester and then at the end of the semester so that I know what kind of 

students I am supposed to be teaching. For example, if I am teaching most non-biology 

students a biology course, then I orient my course that way…I would try to approach 

them from a different point of view.  

 

Additionally, at the time of the initial interview, all three of the LET participants identified 

informal methods of gaining student feedback about instruction such as “Reading the student’s 

faces and seeing where they are, if they are lost and if there is an interest in their eyes, in their 

attitude.” ET participants who mentioned the importance of receiving feedback cited both formal 

and informal methods of gaining feedback about teaching.  

 

Both LE and ET participants discussed improving their teaching as a result of addressing 

classroom-level challenges (such as unexpected interruptions, schedule changes, or when 

experiments go “wrong” or are more timely than expected) as well as challenges that individual 

students present (including academic and behavioral challenges). One ET participant described 

why she believes that these experiences can improve one’s teaching. As she explained, “Usually 

the best experiences are things that go wrong because you are more likely to remember them and 

remember and learn from them.” 

 

Similar to findings related to learning how to teach, LET participants uniquely identified 

experiences as a student and the opportunity to observe their former and/or current teachers as an 

experience that has improved their teaching. Only one teacher (an LET participant) cited this 

experience as significant at the final interview, which may reflect changes in the experiences that 

these participants perceive as pivotal to their professional identities.   

 

Both LE and ET participants cited professional experiences, such as talking with colleagues, 

reading professional journals or books, and professional development experiences as pivotal in 

the development of their teaching skills and/or professional teaching identity, although ET 

participants cited these experiences much more commonly.  Similarly, ET participants uniquely 

identified reflection upon teaching as a method of improving their teaching abilities.  This 

finding is consistent with that of Fuller (1969), who found that self-evaluation is of primary 

importance to experienced teachers. 

Conclusion 
 

Consistent with past studies demonstrating the positive impact of observing experienced science 

teachers using inquiry-teaching (Eick, Ware, & Williams, 2003), graduate students who 

participated in co-teaching experiences in middle school science classrooms in this study also 

viewed the experience as rewarding and, possibly as a result, the focus of their professional 

identities transformed. Specifically, several LET participants who had not mentioned 

encouraging student investigation during the initial interview described this practice as being a 

part of their identity as a teacher at the final interview. This change provide some indication that 

many of these teachers are reconciling their prior beliefs with views of inquiry-based teaching, 

which Leuhmann (2007) identified as an essential step in becoming a reformed teacher.  
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Findings of this study somewhat supported the trajectory of concerns depicted by Fuller and 

Bown (1975). Specifically, LET participants were more likely to describe their identity as a 

teacher in terms of personality characteristics (at the time of the initial interview) which is 

consistent with the identity crisis that occurs during the survival stage. ET participants more 

frequently recounted their ability to adjust instruction based on students’ cultural and academic 

background, which is also consistent with Fuller and Bown’s assertion that teachers in the 

mastery stage are more knowledgeable about the tools to use in a given situation.  Given that 

some of the LET participants (such as the participant with minimal prior teaching experience 

who identified being able to adjust the pace and depth of instruction to meet students’ needs) in 

this sample progressed to these concerns perhaps faster than predicted by Fuller and Bown 

(1975), further research should investigate if/how co-teaching experiences can assist student 

teachers in minimizing classroom management concerns and allowing them, instead, to focus on 

facilitating student investigation. 

 

One of the primary tasks of teacher education is to assist students in integrating their personal 

experiences with their content and pedagogical knowledge. Thus, effective teacher educators and 

teacher education programs should provide opportunities for students with all levels of 

experience to reflect on their salient educational experiences.  Unfortunately, this poses 

challenges to individuals who prepare future educators because little is currently known about 

the beliefs, experiences, values, commitments, and patterns of interaction that science educators, 

and specifically graduate students, bring with them to their studies. Though this study had 

several limitations, of which the most significant may be its exploratory nature, small sample 

size, and reliance on self-report, this study nevertheless provided key insights into STEM-ED 

teachers’ identity development and formative experiences.   

 

Overall, study findings indicate that one’s personal experiences as a student may be important 

sources of identity and teaching skills for LET participants, while coursework, professional 

development, reading professional journals, and observation of teachers in the field may be more 

important to ET participants’ identity and skill development. Findings also show that Fuller and 

Bown’s (1975) model of teacher development is somewhat applicable to a sample of graduate 

student teachers, with some exceptions.  Some of these exceptions may be attributable to the 

impact of co-teaching experiences.  More research on teacher identity development, specifically 

among science teachers, may assist in improving the preparation of science educators and their 

willingness to participate in reform efforts. Additionally, more research on the nature and impact 

of co-teaching experiences is also warranted including an investigation of when, during teacher 

preparation and development, it is most productive for teachers to have opportunities to 

collaborate.  
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EXPLORING THE PROFESSIONAL IDENTITY DEVELOPMENT OF RESEARCHERS 
IN SCIENCE, TECHNOLOGY, ENGINEERING, MATH, AND SCIENCE EDUCATION 

 
This study explores factors shaping the development of graduate students’ 

professional research identity in science, technology, engineering, math, and 

science education disciplines. Informed by qualitative data, this study attempted 

to formulate generalizations about the development of graduate student 

researchers. Study results suggest that graduate researchers generally learn about 

conducting research through interactions with advisors/mentors, through trial and 

error, and through participation in a research community of practice. Students 

often drew upon professional development experiences and collaboration with 

peers and professional researchers to improve their research skills. Implications of 

these findings as they pertain to graduate education across academic disciplines 

are discussed.  
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Introduction 
 

A researcher’s identity consists of several components, including knowing one’s self (Roberts & 

McGinty, 2005), participating in a community of practice as defined as “having three 

dimensions: mutual engagement, joint enterprise, and a shared repertoire of actions, discourses, 

tools, etc.”(Hodkinson, 2004), interacting with a mentor or advisor (Austin, 2001), and 

potentially serving as a classroom instructor.  However, the research identity extends beyond the 

research behaviors one portrays.  According to Roberts and McGinty (1995), the researcher ‘self’ 

implies “being aware of how feelings and perceptions, as well as actions, are heavily influenced 

by our unique biographies” (p. 119).  These unique biographies often include the communities of 

practice within which a graduate student participates, such as their graduate program and their 

larger academic community, the interactions in which they engage with faculty mentors over 

continuous semesters, and the messages students receive from these communities and mentors 

about what is valued in a researcher within that discipline. These experiences and students’ 

feelings about and perceptions of these experiences shape and mold the graduate student’s 

developing identity as a researcher and cement that future researcher’s ultimate identity.  

 

Hodkinson (2004) explains that feelings about and perceptions of research are heavily influenced 

by the communities of practice to which an emerging researcher belongs. As such, “New 

researchers learn how to do and judge research through engaging in the authentic practices of 

whichever research community they join” (Hodkinson, 2004 p. 13).  This process may not 

always be straightforward or occur through formal instruction (Mervis, 2000).  Instead, novice 

researchers often engage in an apprentice-type relationship with a faculty mentor to develop the 

research skills and knowledge that shape their emerging research identities (Carnegie Initiative 

on the Doctorate, 2001). 

 

One conceptualization of student researcher development was recently offered by Willison and 



O’Regan (2007). These authors counter the argument of other researchers (e.g., Healey, 2005 

and Evans and Witkosky, 2004) that no development of research skills occurs in years before a 

student reaches the master’s degree or PhD level of study. Willison and O’Regan (2007) explain 

that the concept of research development be treated as a continuum, which ranges from 

conducting initial literature reviews to engaging in professional focused research. “If all inquiry 

tasks are considered to play a part in student research skill development, even from the earliest 

years of schooling, then a more holistic, coherent and continuous view of student research may 

evolve” (p. 398).  The comprehensive framework provided by Willison and O’Regan (2007) 

proposes that student researcher identity varies across two planes: the level of student autonomy 

and the degree to which the area under study was already known (p. 402). These researchers 

posit that the combination of these planes results in five distinct levels of researcher identity 

development, ranging from the first level, closed inquiry, in which the student requires a high 

degree of structure and guidance from research advisors as exploration about a mostly area field 

is undertaken, to the fifth level, open inquiry, in which the student researches independently 

within structured guidelines determined by research advisors, whereas in level V, students are 

researching within self-determined guidelines.   

This paper is part of a larger project investigating a multitude of factors affecting the 

development of research and teaching skills. The primary thrust of the larger project is to assess 

what happens to graduate students’ research skills when they teach middle school, high school, 

or undergraduates using inquiry-based teaching methods.  This paper explores how researcher 

identity is shaped among graduate students from science, technology, engineering, math, and 

science education (STEM) fields. The specific research questions that guide this study include:  

  

1)  How do STEM graduate students describe themselves as researchers?  

 2)  How do they describe the development of their identity as a researcher?  

 3)  How does their researcher identity change over an academic year?  

 4)  What experiences contribute to those changes?  

 5)  How do responses to these questions compare for less experienced vs. experienced   

     researchers? 

 

Procedure 
 

The 24 graduate student participants were enrolled in either Masters or Doctoral programs in a 

graduate science, technology, engineering, math or science educational research program at a 

public, Tier-I university in the Southeast. Table 1 provides the number of student participants by 

discipline and study condition. Eleven participants were Pi
1
 and GK-12 fellows who conducted 

research and co-taught during the academic year with a partnering teacher in a K-12 setting as 

part of their fellowship programs. Over an academic year, graduate students in this study served 

as teaching assistants involved in minimal research efforts (teaching only condition), research 

assistants involved in minimal or no teaching efforts (research only condition), or students 

serving as teaching assistants who were required to maintain ongoing research efforts (teaching 

and research condition).The prior research experience of the participants varied greatly, from 

                                                           
1
 GK-12 is a fellowship program funded by the National Science Foundation (NSF) designed to prepare future faculty in Science, 

Engineering, Computing, and Math. The Pi program is a University of South Carolina funded program that mirrors the NSF GK-

12 program where graduate students and middle school science teachers are partnered for one academic year 



students with no formal research experience to those with several years of formal research 

experience from their graduate programs and beyond. 
 

Table 1. 

Graduate Student Participants by Discipline and Study Condition 

Discipline Teaching Only Research Only 

Teaching & 

Research Total 

Education 4   4 

Engineering  3 5 8 

Science  1 11 12 

Total 4 4 16 24 

 

Students participated in semi-structured interviews at the beginning and end of the 2007-2008 

academic year for a total of 48 individual graduate student interviews. Weiss (1994) describes an 

interview as a “construction site of knowledge” (p. 29), and students provided rich data upon 

which to construct a conceptualization of the nature and developmental trajectory of researcher 

identity.  Interview questions explored participants’ research experiences, mentoring 

experiences, research skills and identity, and views about research.  All interviews were tape-

recorded and transcribed.  

 

Analysis and Findings 
 

Two separate investigators reviewed interview transcripts to identify emergent themes in 

participants’ responses. Qualitative analysis used the constant comparison approach (Glesne & 

Peshkin, 1992), during which investigators constantly compared emergent themes both within 

and across student groups to note variations in responses by experience level.  Upon coding all 

relevant qualitative data, participants were categorized based on their level of prior research 

experience in a formal research setting.  Thirteen participants were categorized as less 

experienced (LE) researchers and 11 participants were categorized as experienced (E) 

researchers.  Guided by the framework of Willison and O’Regan (2007) LE participants included 

two students with no previous formal research experience at the time of the initial interview, and 

eleven with minimal (about one academic year) research experience at the closed level of inquiry 

operating under close guidance of an advisor or research mentor.  The 11 E participants each had 

two or more years of research experience at the undergraduate or graduate level, or in a 

professional setting, with minimal guidance from faculty advisors or research mentors and 

operating within independent closed inquiry or open inquiry stages.  

 

Identity as Researcher 
 

All participants described themselves as a researcher during the initial and follow-up interview. 

The majority (both E and LE) only noted personality characteristics, such as being detailed, 

organized, focused, productive, dedicated and hard workers, offering comments such as, “I am a 

hard worker, so I will do everything to complete my work, and sometimes I would like to go 

beyond the expectation” and “Very thorough, very dedicated.  Very into it, I feel very personally 

about my research.”  Notably, only one E researcher discussed his role as a scientist who would 

use results to advance the field, “So as a researcher, I see myself as someone who is interested in 



linking the hard science to the conservation…I don’t want to do [just do science], I want to 

somehow link it to real life situations, even if it is in the classroom, and then working and 

connecting science experiments there so others can actually learn something.” No notable 

differences between pre- and post-interviews in either E or LE participants’ descriptions of self 

as researcher were observed. Figure 1 illustrates these findings. 

 

Figure 1. 

How does the researcher identify change over time? 

 

 
 

Learning to Conduct Research 
 

At the initial interview, all participants described how they learned to conduct research. Learning 

to conduct research through trial and error, the most commonly noted method, was mentioned by 

three LE researchers and five E researchers.  E researchers often described drawing upon 

experiences with a mentor or advisor (five E researchers compared with four LE researchers).  A 

few members from each group mentioned coursework (one LE researcher and two E researchers) 

and collaboration with others (one LE researcher and one E researcher) as influential on the 

development of their research skills.  Only E researchers (a total of two) described how early 

experiences of observing family members and others conducting research influenced them.  Both 

groups (three LE researchers and two E researchers) also noted that reading others’ research 

contributed to their understanding of how to conduct research. Table 2 illustrates these findings.  

 

 

 

 



Table 2. 

How Students Learn to Conduct Research  

Methods of Learning to do Research  Less Experienced Experienced 

Advisor/research supervisor 4 5 

Collaboration 1 1 

Coursework 1 2 

Curiosity 1 – 

Literature review 3 2 

Parents – 2 

Trial and error in lab 3 5 

 

Watershed Research Experiences 
 

Students described experiences that they felt strengthened their research capabilities in 

both the initial and follow-up interview.  The most commonly cited experience for E researchers 

(five E researchers vs. two LE researchers) was trial and error.  Not surprisingly, given the length 

of time in their program and commiserate opportunities for a range of professional development 

opportunities, more E researchers than LE researchers identified internships and practical 

experience as key experiences (five E vs. one LE).  E researchers also frequently and uniquely 

noted that collaborating with other researchers benefited their research (three E researchers). 

Table 3 illustrates these findings. 

 

Table 3. 

Participants’ Experiences that Improved their Research         

 

Initial Interview   

Follow-Up 

Interview 

 

LE E   LE E 

  N N   N N 

Advisor/Mentor 0 2 

 

0 0 

Attending conferences/presentations 1 0 

 

0 0 

Collaborating with others 0 3 

 

0 0 

Course work 0 1 

 

1 3 

Having a deadline 0 1 

 

0 0 

Having early successes 0 1 

 

0 1 

Internships/Practical Experience 1 1 

 

0 3 

Knowing what is important to focus on 1 0 

 

0 3 

Observing researchers in the field 1 0 

 

0 0 

Personal Issues 0 0 

 

0 1 

Presenting Findings 0 0 

 

1 2 

Researching Field of Study 1 1 

 

0 1 

Trial and Error/Practice 1 4 

 

0 1 

Uninvolving Advisor 1 0 

 

0 0 

Using research in "real world" setting 0 0   1 0 

 



Discussion 
 

This study identified key descriptors of graduate students’ research identities, how they 

learned to do research, and watershed research experiences.  Both E and LE researchers 

described their research identity solely through personality aspects, such as dedication and 

creativity, suggesting that researcher identity is closely tied to one’s personal, core identity, and 

is imbued with characteristics descriptive of the holistic person.  Of further note is the fact that 

these descriptors displayed remarkable stability over the course of an academic year, suggesting 

that the developmental trajectory of research identity arches slowing forward in small steps 

across the academic semesters.  

Not surprisingly, faculty mentors played a key role in participants’ developing research 

identities (although in at least one case, the lack of involvement on the part of an advisor spurred 

a student to invest more heavily in research efforts to “prove” oneself as a researcher), 

suggesting that faculty have a heavy hand in shaping and molding emerging researcher identities, 

for better or for worse.  

What is somewhat more surprising is the seeming randomness with which many students 

learn to conduct research.  Trying, failing, trying again, and failing again (“trial and error”) 

constituted a major theme in these students’ narratives.  This perhaps is the nature of science and 

is related to many student researchers’ self descriptions as dedicated, patient, hardworking and 

persevering.  Additionally, learning from others and learning from mentors reinforces the idea 

that active engagement in communities of research practice, as discussed by Hodkinson (2004), 

is critical to research identity development and should be more fully understood as a resource for 

students.   

General Contribution 
 

The current study indicates that student researchers, whether novice or experienced, are 

personally invested in their emerging identities as researchers, as demonstrated by their exclusive 

reliance on personality characteristics to describe themselves as researchers.  This finding 

reinforces Colbeck’s (2008) assertion that the process of professional development as scholars 

extends beyond the mere acquisition of knowledge and skills, but also includes the acquisition of 

a new and very personal identity.  The study also confirms previous findings describing the 

importance of students’ engagement in communities of practices, including intellectual 

engagement with faculty and peers, as essential to the developing graduate student’s research 

identity (Austin, 2002; Austin, Connolly & Colbeck, 2008; Colbeck, 2008).  These findings 

provide STEM faculty advisors with guidance on how researcher identities are formed and 

initiates a conversation about how doctoral curriculum and cognitive apprenticeship experiences 

can be improved in order to facilitate the acquisition of one’s sense of self as a researcher. 

 

Acknowledgements 

  

The work reported in this paper is supported in part by a grant of the National Science 

Foundation (NSF-0723686) to David Feldon, Briana Timmerman, Stephen Thompson, Jed 

Lyons, and Michelle Maher under the REESE program.  The views in this paper are those of the 

authors and do not necessarily represent the views of the supporting funding agency. 
  

 

 



References 
 

Austin, A. E. (2002). Preparing the next generation of faculty: Graduate school as socialization to 

the academic career.  The Journal of Higher Education, 73(1), 94 – 122.  

Austin, A. E., Connolly, M. R, & Colbeck, C. L. (2008).  Strategies for preparing integrated 

faculty: The Center for the Integration of Research, Teaching, and Learning. New 

Directions for Teaching and Learning, 113, 69 – 81. 

Austin, A. E. & McDaniels, M. (2006).  Using doctoral education to prepare faculty to work 

within Boyer's Four Domains of Scholarship.  In J. M. Braxton (ed.), Analyzing Faculty 

Work and Rewards: using Boyer's Four Domains of Scholarship.  New Directions for 

Institutional Research, no. 129, San Francisco: Jossey Bass. 

Carnegie Initiative on the Doctorate. (2001). Overview of Doctoral Educational Studies and 

Reports: 1990- Present. Stanford, CA: The Carnegie Foundation for the Advancement of 

Teaching. 

Colbeck, C.L. (2002).  Balancing teaching with other responsibilities: Integrating roles or 

feeding alligators. Paper presented at the annual meeting of the American Educational 

Research Association, New Orleans, LA.  

Colbeck, C. L. (2008). Professional identity development theory and doctoral education.  New 

Directions for Teaching and Learning, 113, 9 – 16 

Evans, R., & Witkosky, D. (2004). Who gives a damn what they think anyway?: Involving  

students in mentored research. National Social Science Journal, 23(1), 21–30. 

Florence, M., & Yore, L. (2004). Learning to write like a scientist: Coauthoring as an 

enculturation task. Journal of Research in Science Teaching, 41, 637-668. 

Glesne, C. & Peshkin, A. (1992). Becoming qualitative researchers: An introduction. New York: 

Longman.  

Golde, C., & Dore, T. (2001). At cross purposes: What the experiences of doctoral students 

reveal about doctoral education. Philadelphia, PA: The Pew Charitable Trusts. 

Healey, M. (2005). Linking research and teaching to benefit student learning. Journal of  

Geograph in Higher Education, 29(2), 183–201. 

Henkel, M. (2000). Academic identities and policy change in higher education (London, Jessica  

Kingsley) 

Hodkinson, P. (2004) Research as a form of work: Expertise, community and methodological 

objectivity. British Educational Research Journal, 30(1)  9-26. 

Mervis, J. (2000). Graduate Educators Struggle to Grade Themselves. Science, 287(5453), 568 – 

570. 

Roberts, S. & McGinty, S. (1995) Awareness of Presence: Developing the Researcher Self.  

Anthropology & Education Quarterly, 26(1) 112-122. 

Weiss, R. (1994).  Learning from strangers: The art and method of qualitative interview studies.  

New York: The Free Press.  

Willison, J. & O’Regan, K. (2007). Commonly known, commonly not known, totally unframed: 

a framework for students becoming researchers. Higher Education Research & 

Development, 26(4), 393-409. 



Proceedings of the NARST 2009 Annual Meeting 

 

Finding Connections between STEM Graduate Students’ Teaching and Research 
Identities and Skill Sets 

 
This paper synthesizes findings from the four previous papers to examine the 

nature and extent of connections across graduate students’ emergent identities as 

teachers and as researchers, and between their developing teaching and research 

skill sets.  The paper first provides a contextual perspective of the development of 

graduate student researcher and teacher skills and identities, and then focuses 

broadly on the design and analyses used across the four papers and common 

emergent findings, concluding with a discussion of “next steps” in this line of 

inquiry.  

 

Michelle Maher, University of South Carolina 

David F. Feldon, Washington State University 

 

Introduction 

 

Graduate science, technology, engineering, and math (STEM) programs, particularly doctoral 

programs, are typically geared toward producing professionals proficient in conceptualizing the 

complexities of their discipline and capable of advancing knowledge within tightly defined topic 

areas. As such, most programs place a heavy premium on research preparation at the expense of 

teaching preparation (Davis & Fiske, 2001).  This stance echoes STEM faculty perspectives that 

view teaching and research as competing priorities, of which teaching is seen as less valuable 

(Bianchini, Whitney, Breton, & Hilton-Brown, 2001).  Consequently, it is unsurprising that 

recent investigations into the scope and outcomes of graduate education have concluded that 

graduate education poorly prepares students to assume the dual roles of teacher and researcher 

common to most professorial positions (Golde & Dore, 2001; Henkel, 2000).  In response, 

national initiatives such as Preparing Future Faculty (Pruitt-Logan, 2004) have attempted to 

assist graduate students in becoming what Austin, Connolly, and Colbeck (2008) call 

“‘integrated professionals’ – individuals who understand, value, and incorporate into their work a 

range of commitments and activities” (p. 70).  

 

Unfortunately, despite a deepening understanding that STEM graduate students (i.e., future 

faculty) need better guidance to balance—and perhaps integrate—their research and teaching 

roles, a contentious debate continues over the extent to which these two roles, inclusive of 

professional identities and specific skill sets overlap (Becker & Kennedy, 2006; Brew, 2003; 

Griffiths, 2004; Hattie & Marsh, 1996; Robertson & Bond, 2001; Sears & Wood, 2005; 

Seymour, 2001). This current state provides poor guidance to STEM faculty advisors and 

mentors who genuinely strive to better prepare their graduate students as teachers and 

researchers.  Our combined efforts in this paper set, therefore, set out to explore connections 

between graduate student identities and defining skills set. 

 

Broad Perspective of Instruments, Designs, and Analyses  
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Each of the four empirical papers in this related set used use a common participant sample of 

graduate students enrolled in either Masters or Doctoral programs in the STEM and science 

education fields at a single large research university in the southeastern United States.  The 

number of participants included in each study varied depending on specific research questions 

asked, as several types of teaching and research experiences were represented and not all data 

was available for all participants.  Participants included graduate students involved in university-

level research assistantships with no teaching involvement, those involved in university-level 

teaching assistantships with little or no research involvement, those who taught as fulltime K-12 

teachers while enrolled as graduate students in education with no research participation, those 

involved in research activities who also co-taught in a K-12 classroom as part of an NSF GK-

12/Partners in Inquiry (Pi) program, and those involved in research activities who also served as 

teaching assistants for university-level classes.  

 

Instruments to measure emerging teacher and researcher identities included in-depth semi-

structured interviews administered at the beginning and end of the 2007-2008 academic year.  

Research skills were measured via a validated research proposal rubric.  Teaching skills and 

perceptions were measured via surveys and videotaped observations of graduate students as they 

taught.  Resulting data were analyzed following appropriate qualitative or quantitative methods, 

each fully described in the respective papers. These data together offered a rich portrait of 

research and teaching identities and skills of approximately 20 graduate students, most of whom 

intend to pursue a faculty career.   

 
Common Emergent Findings 

 

We present our findings as they highlight commonalities among three student profiles mirroring 

our three study conditions: The profile of the graduate student who only engages in research 

activities, the profile of the graduate student who only engages in teaching activities, and the 

profile of the student who simultaneously engages in teaching and research activities.  

 

The Graduate Student as Researcher Only  
 

A small handful of our STEM graduate student participants, early in their graduate programs, 

received full support from coveted research assistantships.  Thus, the emergent profile of the 

“research only student,” is somewhat speculative.  Additionally, two of our four students in this 

condition did not speak English as their native language, adding further complexity to this 

profile.  However, in the “real world” of graduate students, research assistantships/fellowships 

are competitive and more difficult to secure than other types of financial aid, so they may 

support fewer graduate students overall (Rapoport, 1998) and many students who are non-native 

English speakers secure this type of support.  Therefore, while the sample upon which this 

profile is based may be small, in some ways it may also be typical of the larger population. 

 

While longitudinal changes in these students’ teaching skills were not observed, because they did 

not engage in teaching, longitudinal changes in teaching identity were measured through 

interview questions such as, “How would you describe yourself as a teacher?”  Unsurprisingly, 

baseline interviews revealed teacher identities of novices who “could improve” and “try to do 
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better,” but final interviews responses revealed emerging teacher identities built from 

interactional experiences with both undergraduate students and graduate student peers 

exclusively in the context of the laboratory.  Undergraduate students needed “to be taught” how 

to handle equipment, ideas needed to be communicated to peers, and the lab became an informal 

teaching and learning environment.  However, teaching identities, through existent for some 

students, were undernourished compared to teaching identities of students in other conditions.    

 

In contrast, these students saw notable growth in both research skills and identity during the 

academic year.  Research skills, as measured by research proposal changes described by 

Strickland et al. (2009) in this paper set, markedly improved across key criteria.  In comparison 

to students from in teaching-only and research-and-teaching conditions, research-only students 

were obvious pacesetters in this area.  As described in the Hurst et al. (2009) study, these 

doctoral students’ identities as researchers grew through trial and error in the lab and advisor 

supervision. Therefore, it is not surprising that the profile of the “research only” student that 

emerges is one of a well-fed researcher and undernourished teacher.  

 

The Graduate Student as Teacher Only  
 

An equally small number of our students were classified as engaging only in teaching.  Gilmore 

et al. (2009) noted that these students held autonomous teaching positions which included 

working as a K-12 public school teacher, teaching introductory science courses at a local 

teaching college, and teaching undergraduate courses, as well as working as a liaison for a 

professional development school.  All students in this condition had many years of experience as 

teachers.  Thus, it is not surprising that Stiegelmeyer and Feldon (2009) found that these 

participants saw no statistically significant gains in their teaching skills as measured by scores 

earned on videotape ratings or LEI scores.  Their teaching skills were consistent at the start of the 

academic year, and underwent no noticeable changes in either direction at the academic year’s 

end.  As Gilmore et al. (2009) reported, these students’ teaching identities were also strong and 

solidified, and underwent no noticeable changes.  However, it is interesting to note that the 

teaching scores of this group did not differ significantly from those of the Teaching and Research 

group in the Fall semester.  

 

Teaching Only students’ research skills and identity were likewise stable.  Strickland et al. 

(2009) found that while there was some limited improvement noted in these students’ research 

proposals in terms of better understanding and better articulation of their study’s context, 

hypotheses, and range of primary literature over the course of the academic years, the lack of real 

research engagement during this year appeared to atrophy skills in key research areas such as 

articulating the appropriate experimental design, displaying data in relevant ways, and drawing 

meaningful inferences from data.  These results might be explained under the simple maxim, 

“Use it or lose it.” As in any skill set, declines will occur through low or no application.  

Development in researcher identity fared no better, as students in this condition appeared to 

regress in their estimation of themselves as researchers, almost to the point of showing 

embarrassment in discussing their identity as researchers.  
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The Graduate Student and Teacher and Researcher  
  

The true test of our larger research purpose, the exploration of the nature and extent of 

connections between STEMED graduate students’ emerging identities as teachers and as 

researchers and their emerging skill set as teachers and as researchers, can only be addressed 

through the examination of the third student profile—the student who is engaged in both 

teaching and research experiences. Insight from the Hurst et al. (2009) paper on research identity 

development and from the Gilmore et al. (2009) paper on teacher identity development indicate 

that regardless of assigned condition, students with less teaching experience relied on personal 

characteristics when asked to describe themselves as teachers; students with more experience 

cited abilities. Regardless of their extent of research experience, students referred to personal 

characteristics as descriptors of themselves as researchers; no student mentioned abilities.  

 

Students’ restricted range of research experience, in comparison to the represented range of 

teaching experience, perhaps limits our ability to draw definitive conclusions, but we may 

surmise that both teaching and research identities are personal and leave a deep mark on the 

larger identity of each student.  We might suggest that the more experienced one is at a role, such 

as teacher or researcher, the more likely one might be position identity in terms of what role-

specific tasks one can do, not only what characteristics facilitate the accomplishment of those 

tasks.  

 

For both roles, trial and error was by far the most commonly noted route to learning how to 

become a teacher or a researcher.  Despite numerous formal teaching and research educational 

programs, and the necessity for accreditation to be a teacher, and in some cases, a researcher, 

incorporation of these roles appears to occur at least partly through happenstance. What one 

learns about each depends not on systematic instruction or structured research experiences, but 

through opportunities of chance.  Observing others in the role, such as instructors and, 

occasionally, family members, was also a common learning route.  

 

What did we learn about connections between graduate students’ emerging skill sets as teachers 

and as researchers? Research skills are strengthened through participation in research 

assistantships, increased number of years in the program, involvement in publication, and 

stability of research agenda.  Findings from one study suggests that the effects of teaching on 

students’ research skill development appear primarily to be subtle, with a notable exception 

being the increased awareness of the effect of a student audience on graduate students’ 

understanding of their own research. For a minority, the acts of translating and/or explaining 

their research to others stimulated reflection or insight which facilitated their research programs.  

Findings from the complementary study investigating the effect of research participation on 

teaching skill development suggests that, by some measures, participation in research efforts can 

improve teaching skills.  However, it may be the case that a certain level of comfort in the 

teaching role is necessary before these benefits can be realized. Perhaps in both teaching and 

research roles, novices remain too focused on the basics of the task at hand to have available 

cognitive resources to transfer from one domain to the other.   
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Next Steps in Our Inquiry  
 

Our combined findings suggest a new revelation, namely, that the depth and extent to which 

graduate students’ teaching and research skills develop is intimately bound to the depth and 

breadth of students’ emergent identities as teachers and as researchers.  Thus, a student with an 

impoverished identity as a teacher has difficulty finding the appropriate context and comfort 

level in which to acquire teaching skills; likewise, an impoverished researcher identity cannot 

support the development of the full range of research skills. Further, preliminary findings from 

ongoing analyses of data from the larger study suggest a positive correlation between gains in 

teaching skill and gains in measures of scientific reasoning.  We present implications of these 

findings for graduate students, research scientists, and college science teachers. 

 

Contribution and General Interest 
 

As noted in a previous paper, to date, much is assumed but very little is known about the 

relationship between teaching and research activities in the development of STEM graduate 

students.  Our related paper set was designed to take a fuller look at the complicated relationship 

between the two fundamental cornerstones anchoring the teaching of science.  We suggest that, 

at least in some cases, simultaneous engagement in teaching and in research can – and do – 

provide a crossover benefit to the STEM graduate student.  As such, our conclusions have 

implications for how STEM graduate programs are designed and enacted, and perhaps suggest 

we should rethink the messages we sent to graduate students about the tangled relationship 

between the components that define them as professionals, teaching and research.  
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