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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. 
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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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