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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. 
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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-
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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 
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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. 

 
 

 

 

 

 

 



Proceedings of the NARST 2009 Annual Meeting 

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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