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Interns and Mentors’ Evaluation of Workforce
Knowledge and Skills and the Perceived Importance of
these Skills in Engineering and Science Careers

Kimberly Brush, Cathy Hall, Thomas Pinelli, and Jeannine Perry

Abstract - Participants in this study were 249 student interns and 199 mentors taking part in a 10-week internship
during the summer of 2013. The students in the NASA Langley Aerospace Research Student Scholars (LARSS)
summer internship program were chosen from around the country based upon their applications and mentoring
opportunities. The primary focus of the internship was engineering, but research in mathematics, science and
technology were also open to select interns. This study examined mentors and student interns’ evaluation of the
interns’ preparedness with respect to 16 basic knowledge and skill sets at the end of the internship. Interns and
mentors were also asked to rank these basic knowledge and skill sets in terms of perceived importance to
professional success in today's workplace. Workplace knowledge and skills assessed included: written and oral
communication, judgment/decision making, collaboration/working with others, creativity/innovation,
flexibility/adaptability, working independently, time management skills, demonstrating professional behavior,
working as part of a team, computational skills, computer skills, technical skills, critical thinking/problem solving,
and analytical thinking.
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Introduction

New entrants (graduates) into business and industry are often perceived as insufficiently prepared for the workforce
in regard to basic knowledge (i.e., oral and written communication skills, reading comprehension, and math) and
applied skills (often considered to be more social or behavioral)[1-3]. Business and industry expect the entrant to
bring not only knowledge relevant to his/her field to the workplace but also to demonstrate proficiency in applied
skills [2-4]. Applied skills refer to those skills that enable new entrants to use the basic knowledge they have
acquired in school to perform in the workplace.

A recent survey conducted by Northeastern University [1] found both business leaders and the public value broadly
applicable skills such as communication and problem solving. The survey also found that integrating practical
experiences (i.e., practicums, internships) into the higher education curriculum was highly beneficial, and these
types of experiences were considered to contribute significantly to career success. With almost 3 in 4 Americans
stating that a college degree is more important today than it was for their parents’ generation and because higher
education was perceived as being valuable in preparing students for the workforce, roughly half of the respondents
felt that colleges are not always in tune with job markets and fail to adequately prepare their graduates to enter the
labor market. Business leaders indicated that it was important for graduates to possess specific skills (i.e., applied
training and industry-specific capabilities), but it was more important for graduates to have broadly applicable skills
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(i.e., oral and written communication and problem solving). Integrating professional work experience, such as
internships, into educational programs was thought to be a key component in preparing graduates. The findings
supported a shared responsibility for skill development among employees/graduates, colleges/universities, and
companies/employers.

A report by the Society for Resource Management [2] found students ready to enter the workforce were far too
likely to be inadequately prepared in key areas, and that the United States was “not doing enough, fast enough, to
prepare for a vibrant economic future for our children and our nation” (p. 7). These findings have been echoed by
others [2-5]. A common theme posited in consideration of what steps would be necessary in order for the U.S. to
remain competitive in the global marketplace included the need to promote academic rigor in developing important
skills from graduates and to establish a strong link between academia and industry.

Boeing announced in the fall of 2008 that their company would compile data from past hires to determine which
universities were producing well-prepared students and focus recruitment on those select institutions considered to
be producing the best prepared students [6]. Boeing chose not to make the results of their data analysis public, but
they stated the results would be shared privately with each institution. While Boeing was one of the first to adopt
such a policy, it is unlikely to be the last.

A recent report by the Wall Street Journal [7] noted the disillusionment of business and industry with recent hires
and their distrust of college GPAs as a “true” reflection of preparedness. Because of this disillusionment
approximately 200 colleges will administer a new, SAT -like exam (Collegiate Learning Assessment) in the spring of
2014 to assess “students’ real value to employers”. This exam will focus on basic workforce skills including
communication skills and critical thinking. The impact is far reaching, and it sends a strong message that certain
skills should reside in all college graduates regardless of their chosen discipline or field [8]. Academia is beginning
to address many of these concerns and emphasis is being placed on devising curricula to assist students in
developing more in-depth knowledge and the skills necessary for the 21* century [9-11].

In May of 2013, ASEE [12] with support from NSF brought representatives of business and industry together with
representatives from academia to discuss the need to foster knowledge, skills, and abilities necessary for the
engineers of tomorrow. While certain core competencies remained the same (i.e., math, science, analytical thinking,
written and oral communication), others reflected skills more in tune with the global marketplace (i.e., diversity,
foreign language). The internship experience was considered to be an important component in preparing students for
the workforce. One executive noted, “We interview students for 10-weeks” (p. 6). What emerged through these
discussions was the perception of a disconnection between industry and academia. Industry took the position that
academia should be primarily responsible for certain key skills (i.e., physical science and engineering science
fundamentals, communication, critical thinking), but they also stepped forward and acknowledged their role as a
partner in promoting certain skills (i.e., systems integration, economics and business acumen, willingness to take
calculated risks, project management). While this was just the first of a series of planned meetings, two key elements
emerged: the need for a commitment to change and for a partnership between industry and academia to insure the
United States’ a continued place in the global economy. One way to strengthen the skills of new entrants and to
promote a shared partnership is a well-designed internship. The internship can play a key role in providing a
feedback system to all stakeholders (students, academia, and industry) [13-15].

The current study examines mentors and student interns’ ratings of the interns’ preparedness in basic
knowledge/skills. In addition, the study assesses how mentors and interns rank these same areas with respect to
their importance in career success. The study focused on two primary questions. How would mentors and a select
group of interns rate the interns’ basic knowledge and skill sets at the end of the internship? Would mentors and
interns rank these basic knowledge and skill sets in a similar fashion in regard to their importance in career success?

Method

Student Interns. Participants in this study were student interns taking part in the 2013, 10-week Langley
Aerospace Research Student Scholars (LARSS) summer internship program at NASA Langley Research Center in
Hampton, Virginia. Two hundred and forty-nine (156 men, 93 women) were selected to participate in the summer
internship program. Of those selected to participate in the summer internship, 190 (77.2%) were Caucasian, 16
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(6.5%) African American/Black, 25 (10.2%) Asian, 14 (5.7%) Hispanic/Latino, and 1 (0.4%) indicated other.
Classification of student interns was as follows: 11 (4.4%) high school; 17 (6.8) college freshmen; 25 (10.0%)
college sophomores; 58 (23.3%) college juniors; 78 (31.3%) college seniors; 16 (6.4%) first year masters’ level; 20
(8.0%) second year masters’ level; and 24 (9.6%) doctoral students. Forty-five percent of the interns indicated that
this was their first internship experience, and 70.3% indicated that this was their first NASA internship participant.
Student interns were told at the beginning of the internship experience that the end-of-program evaluation was a
requirement of their internship. All 249 student interns completed the survey.

Mentors. Two hundred and ten professionals (52 women and 158 men) served as mentors for the 2013 LARSS
program. Of those, 199 mentors completed 247 surveys. Of those completing the survey, 161 supervised one intern
and 38 supervised multiple interns. The classifications of the mentors were as follows: 61.7% indicated their
classification as engineer, 20.8% as scientist, 5.0% as information technology (IT), 10.4% as administration, and
2.1% as education. In terms of “years of professional work experience,” the two largest groupings of mentors were
47 (19.3%) indicating 21 to 24 and 42 (17.2%) indicating 26 to 30 total years of professional work experience.

LARSS Program. Students are chosen from around the country based upon their applications and mentoring
opportunities to participate in the 10-week NASA LARSS summer internship program. While the primary focus of
LARSS is engineering, other areas in science and technology are also open to select interns. The application for the
internship is open to U.S. citizens and focuses on college/university students, although a small number of talented
high school students are also selected. Engineers and scientists, the future mentors, then select individuals from the
pool of applicants to work on specific projects. As part of the internship, interns are required to write a technical
report and present the results of their work. Their presentation may be conducted within their sponsoring
organization or by participating in a poster session that is open to the entire center research community.

Goals of the internship experience focus primarily on providing future professionals with opportunities to apply
engineering and science concepts and principles to developing research-based solutions. Interns apply research
methods, experimental designs and techniques, data analyses, and interpretation to research-based solutions. They
also gain proficiency in presenting scientific and technical information via oral and written communication to peers
and colleagues. The internship provides an opportunity for student interns to develop an appreciation for and the
skills necessary to engage in life-long learning and to continually refine and update their knowledge base.

Surveys. Upon completion of the summer internship, mentors and interns are surveyed. In addition to basic
demographic information and perceptions of effectiveness of the internship, student interns and mentors also rate the
interns’ knowledge and skill sets. These basic knowledge areas and skill sets were developed through input from
individuals who had served as mentors to student interns, a report from Partnerships for 21* Century Skills [16], the
National Academy of Engineering (NAE) [17] report on educating the engineer of 2020, and a review of areas
assessed by other internship programs in aerospace industry. These workplace skills are representative of key areas
cited as critical for U.S. students to be competitive in the global marketplace [2,18]. Workplace skills assessed by
mentors and students with respect to interns’ preparedness included: written and oral communication, critical
thinking/problem solving, collaboration/working with others, judgment/decision making, time management,
computer skills, creativity/innovation, flexibility/adaptability, analytical thinking, computational skills, and technical
skills. These skills were rated using a four-point Likert scale.

To guarantee anonymity, the questionnaires were prepared and hosted by an outside marketing research firm. The
surveys were presented online, and each potential respondent was sent an email invitation to respond. A one-time-
use password token had to be entered to access the survey. While a person could participate in the survey over
several sessions, once it was “submitted,” the token became invalid. Completion rates were monitored daily so
personalized reminders could be sent as needed.

Results
Mentors and interns’ ratings of the interns’ level of performance in workforce skills during the internship were

examined. The format of the questions for the interns was stated as “After the internship, I think I am good at .....”
The mentors’ format was “After this internship, I think my intern was good at ...... ” A four-point Likert scale was
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used with 4 indicating agree, 3 somewhat agree, 2 somewhat disagree and 1 disagree. Results are presented in Table
1.

Table 1
Mentors and Interns’ Ratings of Their Respective Interns’ Performance in Workforce Skills

Mentors Interns

Means %Agree Means  %Agree
Ability to communicate in writing 3.69 73.1% 3.67 69.4%
Ability to communicate orally/verbally 3.74 77.3% 3.66 69.6%
Ability to think critically 3.74 78.4% 3.88 88.2%
Ability to exercise judgment and make sound decisions 3.76 79.7% 3.80 81.3%
Ability to collaborate/work with others 3.85 87.8% 3.75 77.6%
Ability to create and innovate 3.69 74.6% 3.65 69.2%
Ability to think analytically 3.77 81.7% 3.85 85.9%
Ability to be flexible and adaptive 3.87 89.3% 3.88 89.3%
Computational skills 3.79 81.0% 3.72 73.6%
Computer skills 3.84 86.1% 3.75 78.2%
Technical skills 3.79 82.7% 3.75 78.4%
Working independently 3.82 88.1% 3.89 89.8%
Working as part of a team 3.84 87.1% 3.70 73.7%
Ability to demonstrate professional behavior 3.88 91.8% 3.89 90.6%
Ability to solve problems 3.77 80.3% 3.86 86.5%
Time management skills 3.73 78.0% 3.65 70.6%

%Agree = those indicating agree only and not including somewhat agree; those highlighted in bold indicate areas where there were statistically
significant differences (based on t-tests) between the mean ratings.

Next, mentors and interns ranked nine general skills in terms of how important they considered these skills were for
professional success in today’s workplace (1 = the MOST important and 9 = the LEAST important). Due to limited
variation among the average rankings, the average ranking for the skill as well as the percentage of interns and
mentors ranking the skill as first, second and third are presented. A comparison of these rankings is presented below
in Table 2.

Table 2
Mentor and Student Interns’ Rankings of the Importance of Nine Applied Workforce Skills for Professional Success
with 1= most important to 9 = least important

Mentors Interns
Average % Top Three Average % Top Three

Critical thinking 3.01 67.9% 4.05 55.0%
Abi.IiFy to exercise judgment and make sound 379 49 6% 420 51.0%
decisions

Ability to collaborate/work with others 4.28 43.1% 4.64 41.0%
Ability to create and innovate 4.65 35.0% 5.03 34.5%
Ability to be flexible and adaptive 5.33 29.7% 4.91 32.9%
Working independently 5.52 22.8% 5.30 28.5%
Working as part of a team 5.83 26.4% 5.34 24.5%
Ability to demonstrate professional behavior 6.05 17.5% 5.65 18.9%
Time management skills 6.54 8.1% 5.88 13.7%

Last, mentors and interns were asked to rank order seven skills more specific to engineering and science with 1
being the most important and 7 being the least important. Results are presented in Table 3.
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Table 3
Mentor and Student Interns’ Rankings of the Importance of Seven Basic Knowledge Skills for Professional Success
with 1= most important to 7 = least important

Mentors Interns
Average % Top Three Average % Top Three
Written communication 3.01 69.8% 2.99 69.5%
Oral/verbal communication 2.79 75.6% 3.08 69.1%
Analytical thinking 3.67 56.6% 3.24 64.3%
Problem solving skills 4.43 37.2% 4.00 43.4%
Technical skills 4,72 28.5% 4.45 27.7%
Computer skills 4,53 18.6% 4,94 15.3%
Computational skills 4.85 13.6% 5.31 10.8%

Student interns were also asked about applying knowledge gained in the classroom to their internship. The majority
of interns agreed or somewhat agreed (91.8%) that they had been able to apply knowledge gained in the classroom
to their internship assignment or project. The percentages were: agreed - 65.2% and somewhat agreed - 26.6%.

Discussion

Results indicate that mentors and interns were quite consistent in how they rated interns’ knowledge and skill sets.
Mentors and interns’ ratings of the interns’ performance were very similar in terms of written communication, oral
communication, exercising judgment and making sound decisions, ability to create and innovate, demonstrating
flexibility and ability to adapt, time management, working independently, technical skills, computational skills, and
demonstrating professional behavior. However, some areas were more discrepant. Mentors rated interns’ abilities in
thinking critically, ability to solve problems, and thinking analytically significantly lower than the interns.
Collaborating with others, computer skills, and working as part of a team were rated significantly higher by mentors
than by interns. This may be due in part to the internship and requirements of a work environment. For many of the
interns this was an opportunity to actively apply some of these skills, and they may have been more hesitant to rate
these areas as high as their mentors. It is likely that this new environment challenged students in ways not typically
associated with an academic setting, and students may have been less confident in their knowledge and skills in
these areas.

It was also interesting that the interns rated their own computer skills lower than their mentors. In an academic
environment with their STEM (science, technology, engineering, and mathematics) peers, these particular skills are
likely to be at a higher level and may have influenced the interns’ ratings. Interns did rate “ability to think
critically” higher than did their mentors. The internship provided interns with the opportunity to work on applied
research projects under the supervision of workforce professionals. While the interns may have been confident in
their critical thinking skills in a controlled setting, the mentors may have perceived this as one of the first steps in
building these skills that would eventually be applied in a much broader and less structured context in the workforce.

It should be noted that Table 1 provides the mean ratings as well as the percentage of mentors and interns ‘agreeing’
with the statement that the intern demonstrated good abilities in these areas. If the ratings of both ‘agree’ and
‘somewhat agree’ were combined, all areas assessed are at 90% and above. Overall, the student interns
demonstrated a strong knowledge base and skill sets in these areas at the end of the internship.

Results also support the benefits of a well-developed internship experience in providing future professionals with the
opportunities to develop key skills and apply knowledge in their area of study [19-21]. Interns were very positive
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about the internship experience with 94.3% agreeing or somewhat agreeing with the statement, “I would describe
my internship to other students as excellent”. Interns were also able to provide written comments at the end of the
survey, and the majority of the interns’ comments centered on the benefits of being able to engage in hands-on
experiences in a business setting. Four comments (two from interns, two from mentors) are presented below:

This summer was truly a remarkable experience. Usually I am stuck behind a laptop or computer
all day, reading and researching. However, I am not a “desk person.” 1 am very hands-on, and
this summer | experienced real hands-on engineering and prototyping. It was JUST what | needed
to give myself a well-rounded perspective of engineering. (Intern)

There are no words that can explain the magnitude of how this internship has enhanced my career.
I gained real-world work experience, such as teleconferencing and communicating with others to
meet goals and deadlines. | was able to practice the skills | learned in my major and | developed
my critical thinking. | was given the opportunity to network with many other similar-minded
peers and make many friends. Most importantly, | was provided with a first internship experience
that, overall, possessed everything I could have asked. (Intern)

These programs are EXCELLENT and essential to the future workforce. (Mentor)

The intern was initially reluctant to take individual initiative. After being told that out in the real
world there sometimes are no right answers and that he would have to find them himself, he was
able to take initiative, research possible solutions to problems, and implement solutions without
having the details handed to him. It was very much a learning experience and produced a
noticeable positive change for the student. (Mentor)

Mentors and interns were also asked to rank nine skill sets and seven basic knowledge areas with respect to their
importance for career success. The mentors and interns’ rankings of the nine skill sets demonstrated similar
viewpoints on their importance in career success. While there were variations within each group, the top three that
were consistently rated the highest were: critical thinking, ability to exercise judgment and make sound decisions,
and ability to collaborate/work with others. The same consistency was also found when mentors and interns ranked
seven basic knowledge areas. The top three for both mentors and interns were: written communication, oral/verbal
communication and analytical thinking. The rankings of these skill sets and areas of basic knowledge were also
consistent with prior research with the needs of business/industry [1,2,6,7,12]. A survey of the general public as
well as business and industry by Northwestern University [1] noted the importance of internships in helping build
well-rounded skill sets necessary for career success with 79% agreeing that integrating educational programs with
professional work experience were key for preparing graduates.

It was somewhat surprising to note that computational skills were ranked the least important by both mentors and
interns, especially given that the majority of both mentors and interns were engineers and scientists or future
engineers and scientists. Interestingly a report by ASEE [12] found that while business and industry considered
math/computational skills as important, they were viewed as becoming less critical in the workplace of tomorrow
due to developing technologies. One of the important skills cited in the ASEE study as critical was systems
integration, and this was viewed as a joint responsibility of both academia and business/industry. Interns were asked
about applying knowledge gained in the classroom to the internship, and 65.2% indicated agree and 26.6% indicated
agree somewhat. While the overall response was positive, we would hope the percentage choosing “agree” would
increase with stronger university-industry collaboration.

In summary, the responses of interns and mentors were consistent in citing key areas as important for career success.
Internships can provide students the opportunities to apply knowledge and skill sets and offer opportunities to
engage with professionals in the workplace. It further supports the need to develop a strong feedback system among
industry/business, academia and the future professionals of tomorrow.
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