
One Piece of the Puzzle: 

Research skill development in STEM and social science graduate students 

 

Abstract 

Little is known about the nature and developmental trajectory of scientific expertise in 

science and engineering graduate students (Davis & Fiske, 2001; Gaff, 2002; Golde, 2001), 

specifically, what skills graduate students may already possess when they enter a program, which 

skills are more challenging to acquire, and how students best attain expertise and scientific skill.  

This study investigates the competencies initially held by graduate students in science, 

engineering, and education by identifying which skills appear early in graduate student 

development and which come later.   These observations are a pre-requisite to delineating the full 

arc and trajectory of doctoral student research skill development.  Using a multi-method 

approach, student perceptions of the mechanisms and obstacles to improvement are also 

explored.  Corresponding recommendations for accelerating graduate student development are 

also offered. 

 

Study purpose 

 This investigation of the research competencies initially held by graduate students in 

science, engineering and education first lays groundwork by identifying which skills appear early 

in graduate student development and which come later.   These observations are a pre-requisite 

to delineating the full arc and trajectory of doctoral student research skill development.  Using a 

multi-method approach, student perceptions of the mechanisms and obstacles to improvement 

are also explored.  Corresponding recommendations for accelerating graduate student 

development are also offered. 

 

Theoretical framework 

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

particular, has been informed by a wealth of research (e.g., Schraagen, 1990; Schunn & 

Anderson, 1999; Shanteau, Weiss, Thomas, & Pounds, 2002; Zimmerman, 2000).  Despite the 

richness and depth of this literature base, a serious gap is evident and is of timely concern.  

Specifically, little is known about the nature and developmental trajectory of scientific expertise 



in science and engineering graduate students (Davis & Fiske, 2001; Gaff, 2002; Golde, 2001).  

This is disconcerting, as the production of insightful, capable scientific researchers is of prime 

interest to industry, government and academia in the current and future global economy 

(Carnegie Initiative on the Doctorate, 2001; National Academy of Sciences, National Academy 

of Engineering, & Institute of Medicine, 1995; National Science Board, 2006).   Most graduate 

education programs are focused on the scope and sequence of coursework, and comprehensive 

exams as a means of training students, and rely exclusively on individual faculty advisor 

philosophies to provide mentorship and teaching of skills (Carnegie Initiative on the Doctorate, 

2001; Mervis, 2000; Pfund, Maidl Pribbenow, Branchaw, Miller Lauffer, & Handelsman, 2006).   

Little research has been undertaken to identify what skills graduate students may already possess 

when they enter a program, which skills are more challenging to acquire, and how students best 

attain expertise and scientific skill.  Although some individuals have considered  goals for 

graduate education (Halonen et al., 2003) and mechanisms for teaching writing skills (Florence 

& Yore, 2004; Haaga, 1993), we largely insert students in one side of a black box marked 

“graduate education” and expect fully-formed, competent and effective scientists and engineers 

to emerge from the other side (Pruitt-Logan, Gaff, & Jentoft, 2002).  Therefore, gaining insight 

about the effectiveness of different elements of the graduate school educational system is of 

interest to several stakeholders within and outside of the academy, and will provide insight into 

opportunities to improve student mentoring and accelerate student progress. 

The purpose of this multi-method, multidisciplinary study is to identify, define, and 

categorize strengths and weaknesses in graduate students’ research skills, and further, to define 

the arc of these skills’ development and the factors that affect it, over the course of an academic 

year.  This study will address this gap in the literature by triangulating insights on research skill 

development culled from divergent sources that offer both an objective rubric-driven perspective 

on skill presence or absence and subjective narrative input from students themselves.  

 The specific research questions guiding this study include: 

1) What are the initial strengths and weaknesses in graduate students’ research skills and do 

those vary with the degree of prior research experience held by a student? 

2) What, if any, common themes or similarities emerge in how or why graduate students’ 

research skills change over the course of a year? 



3) What factors do students perceive as affecting the developmental trajectory of their 

research skills? 

The accuracy of students’ perceptions of how their research skills change over time is also 

assessed by comparing student perceptions with the perceptions of independent raters.  

 

Methodology and Data Sources 

This study uses a multi-method approach to focus on the nature and development of 

graduate student research skills as evidenced in written research proposals.  Written research 

proposals were selected as a data source because they are the mechanism by which funding 

agencies commonly assess researchers’ competence, and thereby constitute an authentic and 

informative metric of research skill.  In the fall semester, participants were given a list of criteria 

and asked to write an approximately five page research proposal for a project they wished to 

pursue in the upcoming year.  Accompanying instructions explained that data presentation and 

analysis skills, as well as the ability to base ones’ conclusions on data, could be evaluated using 

preliminary data if the participants had any to include.  If no preliminary data were available, 

participants were instructed to create mock graphs of their expected results as an intellectual tool 

and to discuss the conclusions they would make if their results followed the expected course.  At 

the end of the subsequent spring semester, participants were asked to revise and update their 

proposals based on the intervening experiences and training they had received.  Additionally, 

students were asked to respond to several written reflective questions and were interviewed using 

a semi-structured format. 

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

assessing scientific reasoning skills in written laboratory reports (Timmerman, Johnson, & 

Payne, 2007).  Modifications were made by review of relevant research literature on professional 

peer review criteria (Cicchetti, 1991; Marsh, H. W & Ball, 1989; Marsh, Herbert W & Bazeley, 

1999; Marsh, H W. & Bell, 1981; Petty, Fleming, & Fabrigar, 1999) and by discussion and 

consensus within the rating team.  Research proposals were evaluated by two raters per paper 

coming to consensus by discussion (Johnson, Penny, & Gordon, 2000; Johnson, Penny, Gordon, 

Shumate, & Fisher, 2005).  Intra-rater reliability was also monitored. 

Upon completion of proposal analysis via the rubric, investigators explored 

accompanying student narratives gathered from written reflections and interviews.  Written 



reflections were submitted simultaneously with the revised research proposals and addressed 

graduate students’ perceived changes in their proposals as well as their perceived strengths and 

weaknesses.  Interviews were conducted in the spring of 2008.  Students participated in a one-

on-one, semi-structured interview designed to elicit rich, descriptive data (Creswell, 1998) of 

their perceptions of their research skill strengths and weaknesses and their descriptions of 

contextual factors impacting their research progress and/or agenda.  Interviews were taped and 

transcribed. 

Text from both reflection papers and interviews was qualitatively coded for emergent 

meaning first with descriptive codes, defined by Miles and Huberman (1994) as codes that serve 

to organize categories of meaning.  A more sophisticated coding scheme using pattern codes, 

defined by Miles and Huberman (1994) as inferential and explanatory, was then applied.  Data 

from rubrics, reflection papers and interviews were triangulated.   

Participants in our study were all enrolled in graduate science, engineering, or 

educational research programs at a single large research university in the southeastern United 

States (Table 1).  Two of the initial 20 students were dropped from the study during the data 

analysis phase because their research proposals were less than 750 words.  This brevity indicated 

a distinct lack of effort and was an insufficient quantity to allow meaningful evaluation of 

participants’ research skills and abilities.  Thirteen of the remaining 18 students (72%) were in 

their first or second year of graduate school.  Students varied, however, in the degree of research 

experience they had prior to their current graduate program, so self-report data on prior research 

experience were also collected (Table 2). 

 

Table 1.  

Area of Study and Level of Graduate Student Participants’ Academic Programs.  

 Doctoral Masters Total 

Science 7 1 8 

Engineering 5 1 6 

Education 4  4 

Total 16 2 18 

 



Table 2.  

Research Experience of Graduate Student Participants. 

Years in current 

graduate program 

Years of self-reported prior research experience 

0 <1 1-2 >2 Total 

1 1 1 1 4 7 

2 - 1 2 3 6 

4+ 1
1
 2

1,2
 1

1 
1 5 

Total 2 4 4 8 18 

1
Students enrolled part-time in EdD program.  

2
Student in computer science PhD program. 

 

As evidenced in Table 2, duration of enrollment in a graduate program and self-reported research 

experience did not always correlate.   

 

Results  

 Overall, graduate students did show differing levels of proficiencies for the various 

research skills as demonstrated in the pre-proposals collected at the onset of the study.  On 

average, graduate students were weakest in Data Presentation, Data Analysis, Basing 

Conclusions on Data, and defining the Limitations and Implications of their work (Figure 1).  

Notable differences were observed between students who reported little prior research 

experience compared to those who had at least two years of prior research experience.  In 

particular, students with at least two years of prior research experience were stronger in their 

awareness of Validity and Reliability issues, Experimental Design skills, Selection of 

Appropriate Data sources, Analysis, and use of Primary Literature (Figure 1). 

 



 

Figure 1.  Comparison of research skills between inexperienced and more experienced graduate 

students.  Bars are standard deviations (n= 13). 

 

Additionally, graduate student research skills differed in which skills changed over time based on 

students’ degree of prior experience, indicating that the rate of  research skill development may 

vary in different phases of students’ graduate careers. 

 



 

 

Figure 2.  Comparison of change in research skills over time (differences in pre and post 

proposal scores per criterion) by prior research experience. Bars are standard deviations (n = 13). 

 

More experienced graduate students showed improvements mostly in their major areas of 

weakness mentioned above (Data Presentation, Analysis) while inexperienced graduate students 

showed the greatest improvement in Primary Literature and Context.  The decrease in scores for 

Data Presentation was chiefly due to the large proportion of students who narrowed or altered the 

scope of proposals but did not make visual representations of their expected data as instructed. 

 As the large standard deviation bars in Figure 2 indicate, a variety of trajectories that 

participants might follow were identified.  Students were subsequently categorized as showing 

greater than a 5% increase in the quality of their proposal (n = 9), no change (< 1% change; n = 

3), or demonstrating declines of greater than 5% (n = 6) as measured by change in total points 

from pre to post proposal.   Themes identified from data gathered from interviews wherein 

students described the events that had a major impact on their research ideas and written 

proposal were reviewed.  Many of the influences cited by students have been demonstrated in the 



literature to impact student learning, for example, feedback from an expert (Lajoie, 2003) 

feedback from peers(Nelson & Schunn, 2008 (online first); Schwarz, Neuman, & Biezuner, 

2000; Shaw, 2002; Topping, Smith, Swanson, & Elliot, 2000; Yorke, 2003), writing-to-learn 

(Hand, Brian, Hohenshell, Liesl, & Prain, Vaughan, 2004; Hand, Brian , Hohenshell, Liesl , & 

Prain, Vaughan, 2004; Keys, 1995; Klein, 1999), reflection and meta-cognition (Schroeder, 

Scott, Tolson, Huang, & Lee, 2007) and unexpected results (Chinn & Brewer, 1993; Dunbar, 

1997, 2000; Klahr & Simon, 1999).  Factors mentioned by students as impacting their research 

trajectory which do not appear to have a strong presence in the literature and would warrant 

further study are teaching, taking coursework, and reviewing primary literature. 

 

Table 3.   

Frequency of graduate student identified influences and mechanisms of change to their research 

proposals organized by the direction of change in proposal quality.   The sample is comprised of 

18 students total, but some students mentioned multiple influences. 

 

 



Significance and Implications  

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

students’ research skills, and little investigation has occurred as to the major influences which 

might accelerate or hinder that development.   This paper offers initial insight into this important 

and timely topic, and sets the stage for future inquiries.  Such knowledge would impact not only 

the overall productivity of academia, but might provide new insights into our understanding of 

how expertise is developed, as well as have direct implications for the structure of graduate 

education and the practices used to mentor students.  
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