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overall student self-ratings were lower at the 
end of the program than at the beginning of the 
program. One reason for this decreased confi-
dence in abilities may have been students gain-
ing a greater awareness of what research en-
tails. Before the program, they may have been 
overly confident in their abilities, but afterward 
they may have realized that research was hard-
er than they had previously believed. Students, 
having come to this understanding, also may 
have been still overly confident in their abilities 
to complete certain tasks. Perhaps those tasks 
in which there were still discrepancies were 
tasks in which students gained the least experi-
ence during the program. 
 Both studies, however, did not include in-
formation about the role of graduate students 
within undergraduate students‘ research ex-
periences. For this reason, the current study 
introduces preliminary results that include both 
graduate mentor ratings and faculty mentor rat-
ings of undergraduate students‘ self-reported 
assessments of their research experiences. 
More specifically, the research questions of in-
terest within this study include the following: 
1. Do students‘ self-evaluations of their levels 

of research skills at the end of the summer 
program differ significantly from their faculty 
and graduate student mentors’ evaluations 
of those same skills? 

2. Does the amount of time students and faculty 
spend interacting with each other account 
for any of the differences in evaluation? 

3. Does the quality of the mentoring relationship 
correlate with differences in student and fac-
ulty evaluations? 

4. Does the amount of help students ask for dur-
ing their experiences correlate with faculty 
and student differences in evaluations?

5. Is there any association between faculty and 
student evaluation and the level of control 
the students felt the faculty had over their 
work? 

II. RESEARCH METHODOLOGY 
A. Participants 
 To complete this study, survey data were 
gathered from 124 undergraduate student par-

I. INTRODUCTION 

 Seymour et al. [1] define undergraduate 
research as “undergraduate engagement in 
authentic research conducted in intensive sum-
mer-long program under the direct supervision 
of faculty researchers [1, p. 494].” These faculty 
researchers, however, may differ in their mentor-
ing styles, their experiences working with under-
graduates, and their philosophies of conducting 
research. In addition to faculty mentoring differ-
ences, variances in students‘ technical abilities 
and students‘ understanding of the research 
process may affect students‘ summer research 
experiences [2]. This is especially of interest to 
mentors and students in hands-on fields such 
as engineering and technology.   
Although numerous studies have reported the 
positive influence of undergraduate research 
experiences upon students‘ decisions to pursue 
post-graduate careers in science, technology, 
engineering, and mathematics (STEM) [3,4], 
students’ decisions to pursue graduate studies 
[5,6], students’ persistence to graduation [7], 
and minority students‘ persistence within STEM 
fields, few studies compare faculty and gradu-
ate mentors‘ views of undergraduate students‘ 
experiences to students‘ self-reported ratings of 
their experiences. 
 The current paper builds upon two studies—
one that explored comparisons between under-
graduate students‘ and faculty mentors‘ ratings 
of students‘ research expertise at the end of a 
research experience [8] and another that ex-
amined undergraduate students‘ extrinsic and 
intrinsic motivations for participating in a sum-
mer undergraduate research program within 
a Midwest research university [9]. Within her 
study, Kardash [8] found that (1) undergradu-
ate research students thought that they had 
increased their research skills during their un-
dergraduate research experiences and that (2) 
faculty mentors‘ ratings of students‘ abilities to 
conduct research were similar to undergradu-
ate students‘ ratings of their research skills. The 
students, however, often overestimated their re-
search abilities.
 The authors [9] discovered that during the 
course of a summer research program, the 
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ticipants, 58 graduate student mentors, and 96 
faculty mentors in Purdue University‘s Summer 
Undergraduate Research Fellowship (SURF) 
program during summer 2006. The goal of this 
eleven-week summer program is to expose 
STEM students to undergraduate research 
experiences that will allow them to “strengthen 
integrated, research-related, hands-on learning 
through discovery” [10]. In addition to conducting 
research, students engage in social activities, 
attend research and professional development 
seminars, and present their research at an end-
of-program research conference that is attend-
ed by university students, faculty, and adminis-
trators. Overall, the SURF student sample was 
very diverse. Twenty-four percent of participants 
were not Purdue University students, and 34% 
of the students were international (i.e., were not 
United States residents). In addition, 30% of 
participants were female, and 14% were under-
represented minorities (i.e., African-Americans, 
Hispanic-American, or Native Americans). Ap-
proximately 94% of all SURF researchers were 
engineering majors [9]. 

B.  Faculty Mentor, Graduate Mentor, 
 and Undergraduate Student Surveys
 At the conclusion of the SURF program, a 
survey exploring SURF students‘ research abili-
ties was administered to both faculty and gradu-
ate student mentors participating in the SURF 
program. This survey contained twenty items 
rated on a 4-point scale where 1=disagree,
 2=somewhat disagree, 3=somewhat agree, 
and 4=agree (Table 1). Mentors also had an 
option to reply “not applicable.” Surveys were 
administered on-line, and mentors were re-
cruited to participate in the study via an e-mail. 

SURF students completed a similar survey in 
the absence of their faculty and graduate stu-
dent mentors at the end of the SURF program. 
Building upon the work of Kardash [8], SURF 
evaluators created and distributed this survey 
to faculty mentors and graduate student men-
tors to measure the extent to which the mentors 
agreed or disagreed with SURF participants‘ 
perceived gains during their research experi-
ences. 
 Also included in the current study are four items 
from the end-of program survey that was admin-
istered to SURF undergraduate students. These 
items relate to the quality of students‘ mentoring 
relationships with faculty, the amount of students‘ 
time spent within their faculty mentors, the fre-
quency with which students asked their faculty 
mentors for help, and the amount of control faculty 
mentors had over student projects. 

C. Analysis of Data 
 The data were analyzed using SPSS soft-
ware. We compared student self-evaluations to 
faculty mentor and to graduate mentor evalu-
ations by examining the mean differences in 
responses. Independent samples t-tests with a 
95% confidence interval were used to test for 
statistically significant differences between the 
groups. 

III. RESULTS 

A.  Student Self-Evaluations Compared to  
 Faculty Mentors
 At the end of the research program, students 
were most confident in their abilities to relate 
well to people of different races, cultures, or 
backgrounds, and they were least confident 

Table 1- Items on Faculty Mentor and Graduate Mentor Surveys
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in their abilities to write an article for scholarly 
publication (Table 2). Interestingly, even though 
this was the area in which the students were 
least confident, their faculty advisors were even 
less confident in their students‘ abilities. Overall, 
the faculty mentors‘ ratings of students‘ abilities 
differed significantly from the student ratings on 
seven tasks: (1) observing and collecting data, 
(2) listening effectively, (3) interpreting data, (4) 
framing a research question, (5) relating results 
to the “bigger picture,” (6) designing an experi-
ment or theoretical test of a hypothesis, and (7) 
writing a scholarly article for publication. In each 
of the instances, the faculty rated the students 
lower than the students rated themselves. Al-
though the lower ratings by faculty are consis-
tent with Kardash‘s [8] study, the current study 
notes seven measures with significant differ-
ences in student and faculty ratings of students‘ 
abilities. Within both studies, faculty reported 
students‘ inabilities to connect to the “bigger 
picture” of research.

B.  Student Self-Evaluations Compared 
 to Graduate Student Mentors 
 When comparing the student evaluations of 
themselves at the end of the program to those 
of the graduate student mentors, a slightly differ-
ent outcome appears (Table 3). This time, only 
one item, “I am confident in my/the student‘s 
ability to relate results to the ’bigger picture‘ in 

my research area” is significantly different. As 
with the comparison to faculty mentors, stu-
dents rate their own abilities higher than do their 
graduate student mentors. However, it would be 
misleading to compare the two tables based on 
number of significant effects. Since there were 
fewer graduate student mentors in the study, 
the power needed to arrive at a statistically sig-
nificant difference is higher. For example, in the 
table comparing graduate student and faculty 
ratings, mean differences of 0.12 are significant 
at the 0.05 level. Although twelve differences 
between students and graduate student men-
tors are 0.12 or above, only one is significant. 
What we can examine, however, are the direc-
tion of the differences. On the majority of the 
items, undergraduate students rate themselves 
higher than their graduate student mentors 
rate them. However, students rated themselves 
equally or lower on relating well to people of dif-
ferent races, cultures, or backgrounds; observ-
ing and collecting data; working effectively with 
others on a team; and understanding the ethical 
implications of their research.

C.  Mentor-Student Interactions and Quality  
 of Mentoring Relationships 
 To further explore some of the reasons the 
student self-ratings would differ from faculty rat-
ings, we examined how these ratings differed 
under four circumstances: (1) the quality of the 

Table 2: Student and Faculty Mentor Ratings of Ability at End of Program
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mentoring relationship, (2) the amount of faculty 
mentor and student time spent together, (3) the 
frequency with which the student asked his/her 
faculty mentor for help, and (4) the amount of 
control the faculty mentor had over student proj-
ects. Since each of these questions was asked 
of the students, they are measures of student 
perception of each relationship characteristic. 
First, students‘ self-reported evaluations and 
faculty‘s ratings of their students‘ research skills 
were compared to the students‘ ratings about 
the overall quality of their relationships with their 
faculty mentors. Mentoring quality was rated on 
a four-point Likert scale where 1=poor, 2=de-
cent, 3=good, and 4=very good. Trends show 
that there is a larger difference in student and 
faculty mentor ratings when the relationship 
quality is high (Figure 1). In such relationships, 
students rate their own abilities as lower than 
those students who report low quality relation-
ships with their faculty mentors. However, the 
opposite effect occurs for the mentors: they are 
more likely to rate their student as high in the 
high quality relationships. 
 Second, students were asked how much 
time they spent with their faculty mentor. Again, 
evaluation of the student was broken down 
according to those who spent more and less 
time with their mentors (Figure 2). There was a 
greater discrepancy between the student self-
ratings and faculty ratings in those instances in 
which the student and mentor had little contact. 

The biggest reason for this difference is that 
faculty rated their students much lower when 
they had not seen the students often. Interest-
ingly, students who did not meet often with their 
mentors also rated their research abilities lower, 
although the difference was not as great. This 
finding indicates that faculty mentors are not 

Figure 1. Perception of the Quality of the Mentoring Relationship 
Compared to the Ratings of Student Research Ability

Table 3: Student and Graduate Student Mentor Ratings of Ability at End of Program
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seeking out their students when they think that 
the student is not doing well; that impetus they 
put on the student.
 Third, the researchers noted differences 
between students who asked their faculty men-
tors for help versus those who did not. Although 
there is almost no difference in faculty versus 
student ratings for those who ask their mentors 
for help often, there is a difference for those 
who rarely go to their mentors for help (Figure 
3). In the latter case, students rate themselves 
much higher than do their faculty mentors. This 
indicates that those students who do not go to 
their faculty for help are operating under false 
assumptions that they are making satisfactory 
progress as researchers. Based on the previ-
ous finding regarding time spent together, we 
can also gather that those faculty mentors are 
not doing anything to challenge these students‘ 
false levels of confidence.
 Finally, we examined whether there were 
any differences in ratings based on how much 
control over the students the faculty mentor 
had. For this paper, faculty control refers to 
the extent to which students were able to de-
velop their other research projects and decide 
what research they would conduct during the 
summer. Interestingly, the faculty rated lowest 
those students they controlled the least (Figure 
4). Although students in low-control mentor-
ing relationships also rated themselves lower, 
the difference was not as large. This provides 
further evidence that faculty are spending the 
most time mentoring those students they rate 
as higher on measures of research skill and 
competence. Those students who need the 
most mentoring are not getting faculty attention, 
partially because those same students do not 
feel they need the help from their faculty mentors.

IV. DISCUSSION 
 Within this study, both graduate mentors and 
faculty mentors agreed that their undergraduate 
students had difficulties relating their results to 
the “bigger picture” in their research areas. This 
is not surprising, since approximately 78% of 
participants had one year or less of research 
experience prior to the summer that mentors 
rated them [9]. This implies that engagement in 
research for three months might not have intro-
duced students adequately to research topics 
and might not have given students opportuni-
ties to understand fully where their projects fit 
into the research programs of their faculty or 
graduate mentors. 
 Another concern about research relates to 

Figure 3. Perception of How Often Student Asked for Help Compared 
to the Ratings of Student Research Ability

Figure 2. Perception of the Time Spent with Mentor Compared to the 
Ratings of Student Research Ability
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the depth and breadth of a research experi-
ence. For example, since students enter pro-
grams with varying levels of research expertise, 
expectations about research, and interests in 
research beyond their summer experiences, a 
“one-size-fits-all” model of research may not be 
feasible. This conclusion aligns with the authors‘ 
research [9] noting that students‘ motivations 
for conducting undergraduate research differed 
initially, and as a result, their views about what 
they gained from their experiences might be 
different by the end of the research program. 
In addition, faculty mentors‘ ratings of their 
students may be a reflection of ideal traits that 
mentors want to see within their undergraduate 
research students, while graduate mentors‘ rat-
ings more closely reflect what they see within 
the undergraduate students with whom they are 
working. Further research is warranted in order 
to analyze these potential differences. Thor-
ough assessments of students‘ research skills 
at the beginning of a research experience might 
allow both faculty and graduate mentors to rate 
students‘ gain in research expertise accurately 
by the end of an experience.
 Although no statistically significant differ-
ences were found between students‘ and fac-
ulty mentors‘ ratings of research experiences 
and the four variables mentioned in Section III, 
Figures 1-4 display trends that warrant further 
study. Students who spent more time with their 
faculty mentors, asked for help often, and had 
faculty who had much control over their proj-
ects, rated their research expertise similarly 
to their mentors. One possible reason is that 
those students who have lower perceptions 
of their abilities were more likely to seek and 
to accept guidance from their faculty mentors. 
They, therefore, placed greater value on their 
mentoring relationship than those students 
who already felt as if they knew what they were 
doing, and therefore, were not as willing to ac-
cept their mentor‘s advice. Interestingly, faculty 
mentors who had high quality relationships with 
their students rated these students‘ levels of re-
search expertise higher than the students rated 
themselves. This implies that although faculty 
may have had a higher quality relationship with 
a student, conversations might not have fo-
cused primarily upon students‘ development as 
researchers. On the other hand, students might 
have understood more thoroughly the expertise 
of their faculty mentors and placed them in a 
position of esteem. As a result, students‘ com-
parisons of their research abilities may have 
been more critical than students who had lower 
quality relationships with their faculty mentors. 

V. SUGGESTIONS FOR FUTURE   
 WORK 

 The authors offer several suggestions for 
expanding the current study. Among these sug-
gestions include the addition of qualitative re-
search methodologies, longitudinal reporting of 
data, addition of control groups, and an explicit 
connection of the research to mentoring theo-
ries and literature. Additional details about ways 
to address each of these concerns follow. 

A.  Addition of Qualitative Research   
 Methodologies 
 Limitations of Kardash‘s [8] and the cur-
rent study include the self-reporting nature of 
the quantitative surveys and the absence of 
control groups. This may be remedied via the 
implementation of qualitative techniques (e.g., 
one-on-one and focus group interviews) that 
are used independently of this study or quali-
tative techniques that are used in conjunction 
with previous quantitative techniques. Indepen-
dent qualitative studies may explore how faculty 
use their time with students to expand students‘ 
thinking and understanding of their research 
[1] or the motivations that graduate and faculty 
mentors have for spearheading undergraduate 
student research projects [4]. In addition, a se-

Figure 4. Perception of How Much Control Faculty Had Over Student 
Compared to the Ratings of Student Research Ability
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quential explanatory mixed methods design that 
would use the quantitative analyses presented 
in the first part of this study to inform the collec-
tion and analysis of qualitative analysis might 
be utilized [11]. Questions that might be asked 
to faculty mentors and to graduate student men-
tors based upon the quantitative results found 
within Tables 1 and 2 include the following: 

•  What research skills do you expect an un-
dergraduate student to gain as a result of 
conducting summer research within your 
laboratory?

•  Did (name of undergraduate student within 
mentor‘s lab) meet your research expecta-
tions? Why or why not?

•  (After distributing a quantitative survey 
about a student‘s research performance 
ask,) 

•  Why did you evaluate (name of undergrad-
uate student)‘s research performance as 
you did?

•  How has (name of undergraduate student) 
changed in his/her research performance 
since the beginning of the summer?

•  Based upon the strengths and weaknesses 
that you have seen in your student, what 
advice would you give him/her as he/she 
continues to develop as a researcher?”

B.  Longitudinal Evaluations of Students’  
 Research Experiences and the Use of  
 Control Groups 
 To understand how students‘ research sto-
ries are developing, a longitudinal study might 
be conducted. In this way, researchers might 
note individual differences in students‘ research 
experiences and examine these differences 
based upon variables such as gender, ethnic-
ity, year in college, or discipline. In addition, re-
search highlighting changes in students‘ acqui-
sition of research skills at different points in time 
might inform the development of models about 
undergraduate research trajectories and might 
highlight connections between undergraduate 
and graduate students‘ research experi-
ences.   
 Similar to the work of Bauer and Bennett 
[12], control and treatment groups may be 
created to compare SURF research groups to 
other research groups. For example, SURF stu-
dents‘ experiences may be compared to the ex-
periences of non-SURF students (e.g., students 
conducting academic-year research for variable 
course credit or undergraduate students en-
gaged in short term research within one dis-
ciplinary area). In addition, SURF faculty and 
graduate student mentors‘ experiences may be 

examined relative to the experiences of non-
SURF faculty and graduate student mentors. 
Research questions of interest might explore 
how SURF students‘ and mentors‘ experiences 
are similar or different from the experiences of 
non-SURF research students and mentors or 
how individual research experiences impact 
students and mentors. 

C.  Connection to Theory 
 A final recommendation is to connect un-
dergraduate research studies to theoretical 
models across multiple disciples. Building upon 
the work of the authors [9], researchers might 
explore mentors‘ motivations for participation 
in research. In addition, researchers may use 
theoretical frameworks to explore topics such 
as undergraduate researchers‘ development of 
research identities [13, 14], selection of careers 
[14], and subsequent social and academic inte-
gration because of their engagement in under-
graduate research [16]. From a mentor perspec-
tive, studies exploring the relationship between 
the mentoring of undergraduate researchers 
and scholarship [15] and the placement of un-
dergraduate research within communities of 
practice [17] are needed. 

VI. CONCLUSIONS 

 Students tend to rate their own abilities and 
skills as higher than do their faculty mentors. 
However, there is greater agreement between 
students and their graduate student mentors. 
This indicates that there might be something 
about the characteristics of the mentoring re-
lationship which can account for some of these 
differences. Unfortunately, we did not have 
enough data on graduate student mentors to 
explore further the differences between faculty 
mentors and graduate student mentors.
 We examined the dynamics of the student-
mentor relationship according to four charac-
teristics: quality of the mentoring relationship, 
mentor and student time spent together, stu-
dent frequency seeking mentor advice, and the 
control of the faculty over the research project. 
We found that the greatest discrepancies be-
tween faculty and student ratings existed in 
situations where the mentoring relationship 
quality was high, the amount of time spent to-
gether was little, the students rarely went to the 
mentor for advice, and the faculty exerted little 
control over the student. In all but the first case, 
students rated themselves higher than faculty 
rated themselves. This indicates that, although 
several students overrated their abilities, stu-
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dents in whom faculty had least confidence 
were those students who were most likely to 
overrate themselves. Alternately, those students 
who the faculty mentors believed were doing 
well were likely underrating their abilities. Fi-
nally, faculty rated those students they saw the 
least and controlled the least as lower. This is 
problematic, since these students are the same 
ones who did not feel they needed faculty help, 
but actually need that help the most. These stu-
dents were least likely to seek out their mentors 
for advice, and their mentors were least likely to 
spend time with them. These students might be 
in danger of “falling through the cracks.” 
 Further research on the characteristics of 
student relationships with their mentors and on 
differences in these relationships based upon 
student abilities, is warranted. Details about 
such studies are proposed within this paper, and 
authors recommend that researchers consider 
these suggestions to advance understanding 
about undergraduate research and mentoring 
of student researchers in engineering and other 
disciplines. 
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