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Abstract 
Mentoring is recognized as a crucial form of teaching in a broad variety of educational fields, including many 
science, technology, engineering, and math-related disciplines. Effective mentoring has been linked to 
students’ success when examining a broad variety of outcomes including students’ satisfaction with their 
programs, retention rates, and intention to pursue further education. Graduate students, in particular, 
routinely work with an advisor (mentor) and tend to have a range of positive and negative experiences with 
their mentors. Few studies, however, explore the behaviors of graduate student mentors that specifically 
contribute to effective mentoring, making it difficult to train mentors to behave in a way that supports positive 
programmatic outcomes for students. The purpose of this study was to create a reliable and valid, easily 
administered instrument to assess mentoring. Such an instrument could identify the key behaviors that 
characterize successful mentoring and allow for the identification of specific areas of strengths and 
weaknesses for mentors working with students. Furthermore, knowledge gained from such an instrument 
could potentially provide an opportunity to fine-tune mentoring trainings for specific groups of mentors 
working in a wide range of programs and departments at both the undergraduate and graduate levels. In 
this study, we describe the process of refining a mentoring instrument after surveying graduate students at 
a large U.S. Midwestern University about their mentoring experiences. Using exploratory factor analysis, 
we found three factors with high reliability that defined mentoring behaviors (advisor’s attitude, engagement, 
and accessibility), and that we could reduce the number of scale items from 57 to 15, allowing for a more 
efficient scale. Implications for engaging faculty in professional development around effective mentoring 
will be discussed. 
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1 INTRODUCTION 
Mentoring is recognized as a crucial form of teaching in a broad variety of educational fields, including many 
science, technology, engineering, and math-related disciplines. One-on-one mentoring relationships and 
open-ended problem-solving tasks contribute to the value of mentoring for students (e.g., [1]). We are 
particularly interested in understanding quality quantitative analyses of the behaviors characterizing 
successful short-term mentoring of summer-research projects, especially within short-term summer-
research programs, but we have been unable to find substantive publications to lend insight into this area. 
Originally, then, our goal was to conduct a study to explore how hypothesized “key actions” of summer 
research mentors correlated with student perceptions of mentoring and of overall program quality, students’ 
scholarly output resulting from their summer research experiences, and the influence of the summer 
research experiences on students’ decisions to pursue graduate school. 

Based on the research team’s experience in overseeing eight cohorts of summer undergraduate research 
participants in three unique programs over 18 years, and in evaluating multiple summer undergraduate 
research programs, we developed a set of hypotheses regarding key actions that typify good mentoring. In 
some cases, the hypothesis were driven by failures we noted during that time; that is, we considered cases 
where an internship had gone poorly and reflected on the mentor actions (or lack thereof) that contributed 
to the problem. The six key dimensions of effective mentoring hypothesized were as follows: 

·  Safe—effective mentors teach students about laboratory procedures and safety protocol. 
·  Prepared—effective mentors are ready for their summer undergraduate research students, have 

the necessary supplies and equipment and have ideas or a plan for the student’s research project. 



·  Proactive—effective mentors monitor the student’s progress and make meaningful changes when 
problems arise. 

·  Patient—effective mentors are patient and understanding with students. 
·  Present—effective mentors are readily available for students to approach, seek advice, and ask 

questions. 
·  Positive—effective mentors maintain a positive attitude in the lab and giving the student positive 

feedback on his or her work. 

For the original study, we identified a total of 116 students who had participated in 11 summer research 
programs at a large Midwestern University and invited them to complete an online survey about their 
experiences in their summer research program and about the actions of their summer research mentors. 
Seventy-six students responded to the survey, resulting in a response rate of 65.5%. Responses from ten 
students were excluded from the analysis because the students did not report complete data or because 
they indicated that they did not have a mentor while participating in the REU program, resulting in 66 
students with valid responses. This original study was able to show that these predicted areas were 
correlated with students’ overall summer program ratings, students’ overall lab and mentoring experiences, 
and students’ likelihood of pursuing graduate education. However, we encountered a variety of challenges, 
including difficulties with a relatively small sample size, lack of variability within responses (respondents 
tended to rate their mentors and summer experiences very highly), and ceiling effects, which resulted in 
our inability to create a reliable and valid instrument to assess the key behaviors that characterize 
successful mentoring. 

While six key dimensions of effective mentoring were identified in the original study, we encountered some 
problems in determining the factor structure of the scale.  One problem, in particular, may have resulted 
from not having an equal number of items or statements for each dimension (e.g., 4 items assessed Safe, 
9 items assessed Prepared and Present, 2 items assessed Positive, and 1 item assessed Patient). In 
addition, all of the items in the original study were positively worded which may have lead to response set 
bias or acquiescence on the part of the respondent. In the current study, we have addressed these potential 
problems or concerns by developing an equal number of items for each dimension as well as having an 
equal number of positively and negatively worded items for each dimension. We also attempted to avoid 
redundancy of items while attempting to maintain internal consistency. For example, “My major professor 
believes my work is important” and “My major professor indicates to me the importance of my project” were 
similar enough that we eliminated the second item. 

The purpose of this study was to create a simple, easily administered instrument assessing mentoring that 
was both reliable and valid. The scale will allow us to capture data from a large number of participants, 
yielding consistent results, and provide a means to generalize results with greater accuracy and for making 
comparisons across time and across different groups of students.  Creating a reliable and valid survey 
instrument to assess the key behaviors that characterize successful mentoring could potentially allow us to 
identify specific areas of strengths and weaknesses for mentors working with students, and could potentially 
allow an opportunity to fine-tune mentoring trainings for specific groups of mentors. Administration of the 
scale to students may also provide other valuable insight.  For example, scores derived from the mentoring 
scale could also be used in making decisions about needed programmatic changes, determining whether 
a program is successful, and whether a program has had a positive effect on students. 

2 METHODOLOGY 
2.1 Participants 

Because graduate students routinely work with a major professor or advisor (mentor), represent a variety 
of disciplinary and social backgrounds, tend to have a range of positive and negative experiences with their 
mentors, and were a large, easily accessible group, we chose to seek information from graduate students 
to validate the scale before attempting to apply it to the mentoring experiences of undergraduate students 
in summer research programs (i.e., a smaller group of students with presumably less varied experiences 
and disciplinary backgrounds). 



For this study, a pilot test of graduate students with a planned graduation in summer 2015 was conducted. 
The original sample consisted of 484 students in seven colleges. Because they were nearing the end of 
their graduate programs, they were considered to have had opportunity for extensive mentoring 
experiences during their programs. The university’s Registrar’s Office provided names, selected 
demographic information, and contact information. The survey was conducted online over a period of two 
weeks. Two reminder emails were sent to non-respondents to increase the rate of return and improve the 
representativeness of the responses by college. Overall, 117 graduate students (49 females, 58 males) 
completed and returned their surveys, for a return rate of 24.17% (see Fig. 1). The majority (61.5%) of the 
students were white, 25.6% were Asian, 9.4% were Black/African-American, and 5.1% were 
Hispanic/Latino. Approximately 69.2% of students that completed the survey classified their degree 
program as a STEM field of study.  Slightly more than half (54.7%) reported that they were working on a 
doctoral degree and the remainder (45.3%) were working on a Master’s degree.  The majority (53.8%) of 
the students expected to complete their degree in the semester that they completed the survey; 35% 
expected that it would take one to two more semesters to complete their degree.  

 

Figure 1. Survey Sample by STEM versus Non-STEM areas. 
Area N %Returned 
STEM  81 16.73% 
Non-STEM 36 7.44% 
Total 117 24.17% 
Note:  Surveys sent to 484 students  

 

2.2 Item Development 
In order to create a reliable and valid scale to assess the key behaviors that characterize successful 
mentoring, we began a process to revise the original survey with the intent of more successfully capturing 
the experiences of students from a variety of disciplinary and social backgrounds who had a range of 
positive and negative experiences with their mentors. To do this, we invited panels of students who worked 
closely with mentors to suggest items and topics they felt were important in a mentoring relationship, 
specifically related to each of the original dimensions. More than 20 graduate students and post-docs 
participated in this exercise. We then combined these survey items with the 29 items from the original 
mentoring scale for a total of 97 potential items. After removing redundant and poorly worded items, 57 
items remained, resulting in a total of 8-10 items per hypothesized dimensional category. To reduce bias, 
we then changed approximately half of the items into negatively worded items and left the other half as 
positively worded items. Two of the 57 scale items were relevant only to students who did research in a 
laboratory setting, and are filtered in the survey for students who conduct lab-based research. 

The final set of mentor items assesses students’ attitudes toward mentoring along the six key dimensions 
previously described.  For example, questions were related to safety (e.g., my mentor emphasized the 
importance of lab safety), preparedness (e.g., the equipment and materials I need to do my work are ready 
when I need them), presence (e.g., my major professor is readily available if I have questions), positivity 
(e.g., my major professor regularly provides encouragement), proactive behavior (e.g., my mentor has been 
engaged in my work through the duration of the program), and patience (e.g., my mentor was patient and 
understanding when I asked questions). Students were asked to indicate the extent with which they agreed 
with each statement on a 5-point Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree). 

The survey also included eight demographic questions (type of degree program (STEM or non-STEM), 
types of research (if any) being completed as part of the graduate program, type of graduate program, 
intentions to pursue a doctoral degree upon graduation (for non-doctoral students), gender identity, 
racial/ethnic background, and citizenship status. Students were also asked to respond to two questions 
related to their opinions about graduate school, and to two questions about the frequency of meetings and 
communication they had with their major professor or advisor. 



3 RESULTS AND DISCUSSION 

3.1 Selection of mentoring items 
A primary goal of this study was to create a simple, reliable instrument that can be easily administered to 
measure graduate students’ perceptions of mentoring provided by their respective major professors.  The 
initial set of analyses included calculating descriptive statistics on each of the mentoring items.  Student 
responses on each of the items were negatively skewed with Means that ranged from 3.32 to 4.83 reflecting 
more positive attitudes toward their major professors. The next set of analyses was designed to select the 
mentoring items for use in the final version of the survey.  We first conducted an exploratory factor analysis 
using principal axis extraction and an orthogonal (i.e., varimax) rotation on 55 mentoring items.  It should 
be noted that two of the 57 items were not included in this analysis because they asked questions 
specifically related only to students that worked in lab settings. Items for the final version were selected if 
they had at least a .45 factor loading on the factor, if cross-loadings on any other factors were at or below 
.40, and had at least 3 items per factor ([2], [3]). Based on these criteria, 15 items were selected.  We 
conducted an exploratory factor analysis again yielding a three-factor solution accounting for 58.24% of the 
total variance (see Fig. 2).  Following orthogonal rotation, all of the factor loadings exceeded .47.  With the 
exception of two items, the cross-loadings were all below .40.  However, the difference between the primary 
and secondary factors exceeded .27 for the two items with cross-loadings above .40. 

 
Table 2. Mentoring Scale Items, Factor Loadings, Mean, and SD. 
 Factor Loading   
 1 2 3 M* SD 
Factor One - Attitude      
My major professor is easily frustrated by delays in my progress.(R) .82 .12 .14 3.96 0.97 
My major professor is easily irritated if I make a mistake or don't get something 
right the first time.(R) .79 .06 .22 4.30 0.90 
My major professor maintains a positive attitude. .76 .43 .08 4.21 0.85 
My major professor is patient and understanding when I ask questions. .61 .38 .27 4.19 0.78 
My major professor provides a safe place where ideas can be shared without 
judgment. .57 .28 .18 4.12 0.89 
Factor Two - Engagement      
My major professor is invested in my work. .17 .74 .37 4.04 0.87 
My major professor mentors me at an appropriate level for my development. .37 .69 .34 3.99 0.94 
My major professor works with me to set clear goals. .32 .69 .42 3.76 1.03 
My major professor provides me with opportunities that will have a positive 
impact on my future. .37 .56 .24 4.10 0.88 
My major professor rarely suggests readings or content that is related to the 
work I am doing.(R) .10 .47 .28 3.82 1.06 
Factor Three - Accessibility      
My major professor gives me thoughtful feedback in a timely manner. .27 .23 .71 3.96 1.02 
I am unable to get in touch with my major professor when necessary.(R) .26 .24 .66 4.11 1.07 
My major professor does not keep my timeline in mind.(R) .19 .29 .62 3.92 1.06 
My major professor does not review my work before meeting with me. (R) .11 .35 .60 3.95 1.01 
My major professor and I are unable to meet as frequently as I would like. (R) .06 .18 .60 3.61 1.19 
Note:  *Scale: 1 = strongly disagree to 5 = strongly agree.  
  (R) = Reversed coded items.   

 

Attitude (factor one) is comprised of five items and accounts for 44.58% of the variance before rotation.  
This factor reflects students’ perception of their major professor’s attitude toward them, including patience 
and understanding. The items with the highest loadings on this factors are (1) my major professor is easily 
frustrated by delays in my progress and (2) my major professor is easily irritated if I make a mistake or don’t 
get something right the first time.   

Engagement (factor two) is comprised of five items and accounts for 9.3% of the variance before rotation.  
This factor reflects students’ perception that their major professor is engaged in their work and provides 
guidance and opportunities for development.  The items with the highest loadings on this factor are (1) my 



major professor is invested in my work, (2) my major professor mentors me at an appropriate level for my 
development, and (3) my major professor works with me to set clear goals. 

Accessibility (factor three) is comprised of five items and accounts for 4.34% of the variance before rotation.  
This factor reflects students’ perception of their major professor’s accessibility and conscientiousness 
towards the student.  The items with the highest loadings on this factor are (1) my major professor gives 
me thoughtful feedback in a timely manner and (2) I am unable to get in touch with my major professor 
when necessary. 

3.2 Reliability of the mentoring scale   
The total mentoring score based on responses to the 15 items on the mentoring scale was found to be 
highly reliable (see Fig. 3).  The corrected item-total correlations for these items were all positive and 
significant, ranging from .46 to .78. 

 

Table 3. Mentoring Scale Reliability 

 
Number 
of Items M SD  

Range of Corrected 
Inter-Item Correlations 

Overall Mentoring Scale 15 59.82 9.89 .91 .46 .78 
Attitude 5 20.73 3.63 .88 .61 .93 
Engagement 5 19.73 3.83 .86 .49 .78 
Accessibility 5 19.52 4.16 .83 .58 .69 

 

The three factors (i.e., attitude, engagement, and accessibility) extracted were all significantly correlated 
with each other and with the overall Mentoring total score (see Fig. 4). 

 

Table 4.  Correlations Between Overall Mentoring and Factors 
 Attitude Engagement Accessible Mentoring 
Attitude     
Engagement .57**    
Accessibility .44** .69**   
Mentoring (Total Score) .79** .90** .84**  

Note:  N=117.  *p < .05; **p < .01 

 

4 IMPLICATIONS FOR ENGAGING FACULTY AS EFFECTIVE MENTORS 
The psychometric data support the reliability of the mentoring scale and provides evidence that the scale 
can be used to assess students’ perceptions of mentoring provided by their major professors.  While the 
results are promising, there were some issues.  For this study, we only recruited students that were at the 
end of their program and the majority of the students that participated were in their final semester.  It is 
unclear whether we would have obtained similar results had we had recruited students in the early stages 
of their studies.  It is entirely possible that students who are struggling with ideas and/or who are at odds 
with their major professor because they perceive their mentors as not providing the appropriate patience, 
understanding, guidance, and support drop from the program early on. It is also possible that students that 
are frustrated with their major professor would not care to respond to a survey about mentors.  In order to 
better understand whether mentoring has an impact on whether students continue and complete their 
program of study, we need to include students who in a various stages of their studies as well as students 
that have dropped out or terminated their studies in future studies. Do students drop out if they experience 
poor mentoring?  Is the mentoring experience the same for everybody?   



Another issue for future studies is to revisit the negative/positive wording of items.  Our original intent was 
to avoid response set bias or acquiescence by students taking our survey; therefore approximately half of 
the items were worded negatively.  However, examination of the factor structure (particularly those items 
that were not used for the final version of the scale) points to the possibility the wording affected the 
loadings. It appears that the negatively worded items loaded onto the same factors suggesting that it was 
the negative wording could have affected the pattern. Barnette ([4]) has suggested employing a bidirectional 
response scale with response items varying from left to right and right to left (i.e., left=strongly disagree and 
right =strongly agree).  

The concept of mentoring is not new, and much has been written about effective mentoring. However, valid 
and reliable measurement instruments are needed ([5]) that can be used to predict students’ continuation 
in a program of study. In the current study, students who are at the end of their graduate studies have 
identified three key dimension or behaviors of mentoring: attitudes, engagement, and accessibility. These 
behaviors have clear implications for engaging faculty in higher education to be effective mentors.  

  Understanding these key behaviors can help individual faculty members reflect on how they might 
increase their mentoring effectiveness. It can help support early-stage (and later stage) faculty development 
programming that seeks to enhance faculty member success by increasing their effectiveness across a 
range of skills. And it can potentially be used programmatically (i.e., across departments within a college, 
or across programs in an entire graduate school) to explore differences between programs – which in turn 
may expose interactions between mentoring and retention/graduation rates of students with varying 
backgrounds. 
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