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What early experiences attract students to pursue an education and career in science, technology, 
engineering, and mathematics (STEM)? Does hands-on research influence them to persevere and 
complete a major course of academic study in STEM? We evaluated survey responses from 149 high 
school and undergraduate students who gained hands-on research experience in the 2007–2013 As-
piring Scientists Summer Internship Programs (ASSIP) at George Mason University. Participants 
demonstrated their strong interest in STEM by volunteering to participate in ASSIP and completing 
300 h of summer research. The survey queried extracurricular experiences, classroom factors, and 
hands-on projects that first cultivated students’ interest in the STEM fields, and separately evalu-
ated experiences that sustained their interest in pursuing a STEM degree. The majority of students 
(65.5%, p < 0.0001) reported extracurricular encounters, such as the influence of a relative or family 
member and childhood experiences, as the most significant factors that initially ignited their interest 
in STEM, while hands-on lab work was stated as sustaining their interest in STEM (92.6%). Based on 
these findings collected from a cohort of students who demonstrated a strong talent and interest in 
STEM, community-based programs that create awareness about STEM for both children and their 
family members may be key components for igniting long-term academic interest in STEM.

Article

INTRODUCTION

“In turning toward science, it became apparent to me that 
science was the magic of our world and that the only rea-
son we didn't view it as such was because of our familiarity 
with it” (quote from a Summer 2013 research intern). How 
do we ignite and retain the “magic” of science, technology, 
engineering, and mathematics (STEM) for our students? 
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Answers to this fundamental educational challenge may pro-
vide strategies to attract STEM majors to fulfill the growing 
demand for STEM jobs (Hossain and Robinson, 2012; Wang, 
2013). U.S. federal agencies projected investments of $3.4 bil-
lion in FY2010 to support STEM (National Science and Tech-
nology Council, 2011). Funding from federal agencies and 
corporate entities has been allocated to programs supporting 
expansion of STEM education in secondary schools, recruit-
ment and retention of students earning STEM degrees, K–12 
STEM teacher professional development, and STEM work-
force training. A variety of high school and undergraduate 
research programs have been implemented to provide stu-
dents with hands-on research experiences. These programs 
afford students the distinctive opportunity to perform inqui-
ry-based scientific analysis, master a technical skill set, and 
enhance critical-thinking skills (Thiry et al., 2011). Students 
taking part in hands-on programs learn to think and work 
like scientists and develop personal and professional skills 
relevant to a career in science (Seymour et al., 2004). Further-
more, these experiences can “clarify, refine, and reinforce” 



A. VanMeter-Adams et al.

688 CBE—Life Sciences Education

students’ desire to attain STEM degrees, postbaccalaureate 
education, and STEM careers (Lopatto, 2004, 2007; Seymour 
et al., 2004). To maximize investment in these crucial pro-
grams, we need to 1) identify the factors that initially attract 
students to the STEM fields and 2) retain student interest in 
STEM degree programs. In this study, we address these im-
portant questions by querying high school and undergrad-
uate students who had a strong talent and interest in STEM 
and obtained hands-on research experience in the Aspiring 
Scientists Summer Internship Program (ASSIP) at George 
Mason University (Fairfax, VA).

ASSIP was established in 2007 for high school and un-
dergraduate students interested in STEM. Competitively 
selected participants volunteer ∼300 h to participate in so-
phisticated, original STEM research encompassing one or 
more of the following disciplines: proteomics, genomics, 
neuroscience, biochemistry, infectious disease, biodefense, 
bioinformatics, computer science, physics, nanotechnology, 
applied mathematics, bioengineering, and environmental 
science. The participants work one-on-one with designated 
volunteer faculty mentors, research scientists, and graduate 
students who are actively engaged in research and moti-
vated to train and inspire future STEM leaders. As part of 
the 7.5-wk full-time training, the students: 1) gain hands-on 
experience using the latest technologies in their discipline, 
2) learn to search and review scientific literature, 3) analyze 
and interpret experimental results, 4) practice scientific writ-
ing and communication skills, and 5) receive personal and 
professional guidance. In addition to working on original 
scientific research projects, the ASSIP students participate 
in scheduled career-development activities and workshops 
that promote creativity. Career-day seminars introduce stu-
dents to a variety of STEM careers in private industry, gov-
ernment, academia, and healthcare.

We conducted a Web-based survey in 2012 and 2013 
that was distributed to 220 alumni who participated in the 
2007–2013 ASSIP as high school and/or undergraduate stu-
dents. The major question we sought to answer was: What 
early experiences initially motivate or inspire students to 
pursue STEM? Previously, Hossain and Robinson predicted 
that science summer camps, after-school programs, science 
fairs, social networking, and meaningful preparation of 
STEM teachers attracts students into STEM fields (Hossain 
and Robinson, 2012). Robinson and Ochs (2008) reported 
that students were encouraged to enroll in more science 
courses when labs were integrated into the curriculum. The 
labs stimulated interest and created relevance to the subject. 
It has been suggested that programs for students, teachers, 
and parents would encourage precollege students to take an 
interest in STEM fields. The recommended programs for stu-
dents included career days/fairs, field trips, test-taking skills 
training, academic-enrichment programs, internships, and 
summer jobs (Matyas and Dix, 1992). A separate study con-
ducted by Hall et al. (2011) queried 118 high school students 
who participated in a 1-wk information technology academy 
and 107 undergraduate freshman and senior engineering 
students to discover what influenced their career choice of 
preference. The high school students reported “interest in 
the field” and “parents” as the most important consideration 
for their career choice. The undergraduate students sur-
veyed in the Hall et al. study indicated that their career goals 
were influenced most by “interest in the field,” followed by 

“earning potential,” “parents,” and “high school teacher.” 
Wang evaluated recent high school graduates attending 4-yr 
institutions. The author concluded that motivation to pur-
sue a STEM degree was influenced by 12th-grade math per-
formance, exposure to math and science courses, and math 
self-efficacy beliefs (Wang, 2013).

The factors that ignited initial interest in STEM have 
not been explored in a subset of students who previously 
declared an interest in STEM and then participated in a 
hands-on summer research program. Access to this informa-
tion could influence policy and programs to inspire STEM 
interest. How important are influences such as childhood 
experiences, relatives, friends, classroom encounters, teach-
ers, media, museums, and hands-on projects in retaining 
student interest in STEM? We collected responses to answer 
this question from a diverse population of students who par-
ticipated in ASSIP. The students’ perceptions of the impact of 
a hands-on research experience on their academic readiness 
and their continued interest in STEM was also evaluated.

METHODS

Participants
ASSIP applicants expressed an interest in STEM at the time 
they applied for the program. From the applicant pool, po-
tential summer interns were selected based on completed 
course work, grade point average (GPA), prior work/vol-
unteer experience, and their personal essays, in which they 
described their interest in scientific research. Highly quali-
fied applicants were invited for a personal interview with 
faculty scientists/mentors. The students who were accepted 
into the program volunteered to perform full-time, hands-on 
research for 7.5 wk during the summer.

The number of ASSIP applicants and participants in-
creased from 2007 through 2013 (Supplemental Table S1). 
In 2013, we received 624 applications nationwide from high 
school and undergraduate students. The acceptance rate, 
ranging from 80% in 2007 to 10% in 2013, was reflective of 
the increased competitiveness and growing interest in the 
program (Table S1). Since the program's inception, 220 stu-
dents have participated in ASSIP, 35 of whom were multi-
year participants. Only ASSIP alumni who completed the 
summer program participated in this current study.

The Survey Instrument
The retrospective survey instrument used for the current 
study was approved by George Mason University's Office 
of Research Integrity and Assurance (protocols 8267 and 
8268). The study was judged exempt from Institutional 
Review Board review under U.S. Department of Education 
guidelines. The survey, titled “ASSIP Alumni Survey,” com-
prising 35 questions, was developed and distributed to the 
2007–2013 ASSIP alumni (n = 220 students) using the web-
survey.gmu.edu tool (Supplemental Material). Anonymous 
results were stored on a server at George Mason Universi-
ty. Demographic information including gender and ethnic-
ity were queried. The students were asked to indicate the 
year(s) they participated in ASSIP, their educational status, 
and their current or most recent GPA. Single-option variable, 
multi-option variable, and unstructured-response questions 
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were included to investigate the factors that inspired the 
ASSIP alumni's initial interest in STEM. Questions formu-
lated using an ordinal scale (strongly agree, agree, neither 
agree or disagree, disagree, and strongly disagree) examined 
the responders’ perception of their ability to 1) understand 
material learned in the classroom and/or read in scientific 
literature, 2) identify research questions and design exper-
iments, 3) creatively solve problems inside and outside the 
classroom, and 4) think critically and perform scientific anal-
ysis after participating in ASSIP. Understanding of scientific 
research, self-confidence, continued interest in STEM, aware-
ness of career opportunities, interest in postbaccalaureate ed-
ucation and STEM careers, and preparedness for advanced 
degrees and STEM careers after ASSIP were also evaluated 
using the same ordinal scale. Multi-option variable questions 
were included to assess students’ academic and career goals.

Data Collection and Statistical Measurements
The anonymous survey was conducted in two stages: first 
with alumni from the 2007–2011 programs and then with 
alumni from the 2012–2013 programs. The first set of data 
were collected on November 15, 2012, from 58/118 students 
in the 2007–2011 group. The second set of data were collected 
from 46/50 2012 ASSIP alumni and 54/62 2013 ASSIP alum-
ni within the same year they completed their respective pro-
grams. The denominator in the 2012 and 2013 groups reflects 
multiyear participants. Ten of 112 responders in the 2012–
2013 group participated in ASSIP for more than 1 yr. Sur-
veys submitted by nine returning students from the 2012 and 
2013 ASSIP classes were not considered for analysis in this 
study in order to prevent duplicate responses. One return-
ing student in the 2013 class did not complete the survey. 
The usable survey response rate (total usable/participants) 
was 49.2% (58/118), 84.0% (42/50), and 79.0% (49/62) for the 
2007–2011, 2012, and 2013 ASSIP alumni surveys, respective-
ly. The usable overall response rate was 67.8% (149/220).

Data collected from the 2007–2011 and 2012–2013 groups 
were independently evaluated to compare responses from 1) a 
population of students who submitted the survey at least 1 yr 
after completing the program and 2) a separate population 
of students who submitted the survey immediately after the 
program concluded. Means and percentages were calculated 
as summary statistics to make comparisons across groups. 
The two-tailed Fisher's exact test, two-tailed chi-square with 
Yates’ correction, and two-tailed chi-square without Yates’ 
correction were used to calculate p values. Probability values 
from the two-tailed Fisher's exact test are reported, and sta-
tistical significance was only considered when p values < 0.05 
were recorded for all three tests. For some variables, partici-
pants could select more than one possible response; therefore, 
the denominator may be greater than the number of alumni.

RESULTS

Study Population and Response Rate
The distribution of men (46.3%) and women (45.6%) who re-
sponded to the 2007–2013 ASSIP alumni surveys was near-
ly identical. Twelve students did not disclose their gender. 
The ethnic distribution was 47.0% Asian, 0.7% American 
Indian or Alaskan Native, 2.7% black or African American, 

4.7% Hispanic/Latino origin, 0.7% Native Hawaiian or other 
Pacific Islander, 32.2% white, and 4.0% being of two or more 
races. Eight percent did not disclose their ethnicity. Based on 
data collected from the 2012–2013 classes on the first day of 
the program, the large proportion of Asian survey respond-
ers was representative of the total population of Asian stu-
dents who participated in the program. In the 2012 and 2013 
classes, 44 and 51% of students were Asian, respectively. 
Regarding gender, the 2012 class was 60% male/40% female, 
while the 2013 class was 47% male/49% female. The ethnicity 
and gender of the 2007–2011 cohorts was not recorded before 
or during program enrollment. The participants evaluated in 
this survey earned GPAs of 4.0 (34.2%), 3.5–3.99 (46.3%), and 
3.0–3.49 (18.1%). Two students did not report their GPAs.

Responses were evaluated from 131 students who partic-
ipated in ASSIP for 1 yr, 17 students who participated for 
2 yr, and 1 student who participated for 3 yr. The popula-
tion is composed of alumni who participated as high school 
students (59.1%), undergraduate students (32.2%), or as both 
high school and undergraduate students (7.4%). Two partic-
ipants did not indicate their educational status as an ASSIP 
participant. The multiyear participants volunteered in our 
internship program as high school students, undergraduate 
students, or both high school and undergraduate students 
(Table S2). Each student only submitted one survey.

Total enrollment in the first 3 yr of our summer program 
was purposefully restricted due to limited university re-
sources and community awareness for this inaugural pro-
gram. Thus, fewer alumni were available to respond to the 
survey. This study evaluated alumni from the 2007 (n = 5), 
2008 (n = 5), 2009 (n = 17), 2010 (n = 20), 2011 (n = 30), 2012 
(n = 42), and 2013 (n = 49) programs, which included multi-
year participants from the 2007–2011 group. Survey response 
rates for each respective year are included in Figure 1.

Factors That Influenced Initial Interest in STEM
We compared the 2007–2011 and 2012–2013 cohorts to deter-
mine whether the survey data were biased by the length of 
time that existed between ASSIP program completion and 

Figure 1. ASSIP survey response rate. The ASSIP alumni survey was 
distributed to all students who participated in the 2007–2013 pro-
grams. The data illustrate the number of participants who received 
the questionnaire and the number of survey responders from each 
respective class who were included in the analysis for this study. The 
response rate is denoted for each year.
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groups (Figure 2, E and F) for extracurricular experiences 
(55.9 and 58.4%, respectively) compared with classroom ex-
periences (25.9 and 25.5%, respectively; p < 0.0001), and a 
hands-on project such as science fair or research experience 
(18.2 and 16.1%, respectively; p < 0.0001). When we assessed 
all factors independently, we found that many types of fac-
tors contributed to 2007–2011 and 2012–2013 students’ initial 
interest in STEM: childhood experiences such as an encoun-
ter with nature, astronomy, and so on (20.2 and 16.8%, re-
spectively; p = 0.3844), a relative or friend who introduced 
them to science, technology, engineering, or math (17.4 and 
18.6%, respectively; p = 0.8042), participation in a hands-on 
project such as a science fair or research experience (17.4 and 
15.7%, respectively; p = 0.6978), high school teacher (12.4 and 
14.3%, respectively; p = 0.5788), and classroom experiments 
(12.4 and 10.7%, respectively; p = 0.6509; Figure 2D).

As reported above, data collected from the 2007–2011 and 
2012–2013 alumni did not differ significantly on questions 
that addressed the strongest factor and all factors that con-
tributed to the students’ initial interest in STEM. A significant 
majority of the students also perceived that the hands-on 
research experience they gained in ASSIP played a role in 
their continued interest in STEM. The results did not differ 
between the 2007–2011 and 2012–2013 cohorts (p > 0.3638; 
Figure 3). On the basis of the observation that the findings 
were replicated among separate groups of students, we com-
bined all responses from the 2007–2013 classes (Figure 4).

Gender and cultural and ethnic background could influ-
ence the factors that ignited the students’ initial interest in 
STEM. To compare the ethnicity of the 2007–2013 survey 
responders for each of the factors that inspired their initial 
interest in STEM, we categorized the students’ ethnicity 
into four groups: 1) Asian (n = 70), 2) white (n = 48), 3) other 
(n = 19) and 4) not disclosed (n = 12). A population of 19 stu-
dents who were American Indian or Alaskan Native, black 
or African American, Hispanic/Latino, and Native Hawaiian 
or other Pacific Islander was classified as “other” to create a 
group large enough to compare in this study. Based on these 
categories, there was no significant difference by ethnicity 
(p > 0.5707) for any of the factors that inspired initial interest 
in STEM (Supplemental Figure S1). Moreover, there was no 
difference in the gender of the students for the factors that ig-
nited their initial interest in STEM (p > 0.2575). These findings 
must be considered with the limitation that the ethnicity and 
gender of all 2007–2011 participants cannot be compared with 
the gender and ethnicity of the 2007–2011 survey responders.

In a multivariable-response question, some of the survey 
responders reported additional personal details about the 
factors that ignited their initial interest in STEM. Thirteen 
students who listed other influences noted “a relative dying 
of cancer,” “curiosity,” “Bill Nye the Science Guy,” “a per-
sonal experience,” “the Discovery Channel,” “ancient phi-
losophy,” “high school biology and psychology classes,” “a 
microbiology professor,” “interest in becoming a positive 
contributing member of society,” “competitions,” “the con-
dition of society and world,” “the people around me,” and 
“I was good at it.” Anecdotally, we learned more about the 
survey responders’ initial interest in STEM from an unstruc-
tured-response question. Collectively, of the 50 students who 
responded to the question, many indicated a culmination of 
experiences that were influential in their initial attraction to 
the STEM fields.

survey submission. The 2007–2011 cohort was grouped to 
create a sufficient population size and was surveyed at dif-
ferent time points (1–5 yr) after their ASSIP experiences. The 
2012–2013 cohort submitted the survey immediately after 
completing the program.

The factors that ignited students’ interest in STEM were 
divided into three groups: extracurricular experiences, class-
room experiences, and hands-on projects. Extracurricular 
experiences were classified as: 1) relative or friend who in-
troduced the student to STEM; 2) childhood experience or 
encounter with nature, astronomy, and so on; 3) fiction or 
nonfiction book, television show, or movie; and 4) visiting 
a museum. Classroom influences comprised 1) performing 
laboratory experiments in class and 2) a high school teacher. 
A hands-on project was defined in the survey as “a hands-on 
project such as a science fair or research experience” and 
was analyzed as an independent group (Figure 2), because 
it can be performed inside or outside the classroom. Among 
many possibilities, a hands-on project could have referred to 
a project completed for a science fair competition, a project 
assigned during a summer camp, or a formal research expe-
rience like ASSIP.

We first evaluated the single most influential experience 
type that initially ignited students’ interest in STEM. This 
survey question was a single-variable response. Substan-
tially more students from both the 2007–2011 (Figure 2B) 
and the 2012–2013 (Figure 2C) programs reported that ex-
tracurricular experiences (60.7 and 68.5%, respectively ) led 
to their initial interest in STEM compared with classroom 
experiences (19.6 and 18.0%, respectively; p < 0.0001) and 
hands-on projects (19.6 and 13.5%, respectively; p < 0.0001). 
Next, we evaluated each factor independently. As described 
in Figure 2A, both the 2007–2011 and 2012–2013 groups re-
ported that childhood experiences such as an encounter with 
nature, astronomy, and so on (24.1 and 25.3%, respectively) 
or a relative or friend who introduced them to science, tech-
nology, engineering, or math (27.6 and 28.6%, respectively) 
were the strongest factors that ignited their initial interest in 
STEM. There was no significant difference between the two 
cohorts (p = 1.0). No statistically significant difference was 
found between the 2007–2011 and 2012–2013 groups regard-
ing the number of students who were most strongly influ-
enced by a high school teacher (6.9 and 14.3%, respectively; 
p = 0.1958), nonfiction media (5.2 and 4.4%, respectively; p = 
1.0), fiction media (1.7 and 8.8%, respectively; p = 0.1545), vis-
iting a museum (0 students), or participating in a hands-on 
project such as a science fair or research experience (19.0 and 
13.2%, respectively; p = 0.3605; Figure 2A). The percentage 
of students who acknowledged performing experiments in 
class was the strongest factor that ignited their initial interest 
in STEM was different between the 2007–2011 (12.1%) and 
2012–2013 (3.3%) cohorts (p = 0.0475, Fisher's exact test only; 
Figure 2A).

The influential experience types noted above were derived 
from a survey question which asked students to indicate the 
strongest factor that influenced their initial interest in STEM. 
A separate, multivariable-response question in the survey 
allowed students to acknowledge the collective experiences 
that ignited or contributed to their initial interest in the field. 
Similar to the responses received for the strongest factor that 
led to an interest in STEM, significantly more responses were 
recorded from students in both the 2007–2011 and 2012–2013 
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Figure 2. Comparison of 2007–2011 and 2012–2013 study sets: extracurricular experiences ignited ASSIP alumni's initial interest in STEM. Sig-
nificantly more participants from the 2007–2011 and 2012–2013 classes were initially influenced to pursue STEM by nonclassroom experiences 
compared with in-classroom experiences and hands-on projects (p < 0.0001).The students reported both the strongest factor and all factors 
that ignited their initial interest in STEM. Each factor was analyzed individually, and the factors were grouped into three categories: classroom 
experiences, extracurricular experiences, and hands-on projects. Extracurricular influences included 1) relative or friend who introduced the 
student to STEM; 2) childhood experience or encounter with nature, astronomy, and so on; 3) fiction or nonfiction book, television show, or 
movie; and 4) visiting a museum. In-classroom influences included 1) performing laboratory experiments in class and 2) a high school teacher. 
A hands-on project such as a science fair or research experience was classified as its own category **, because it could be performed inside or 
outside the classroom. *, experiences that can be extracurricular or assigned in the classroom. Responses from the 2007–2011 and 2012–2013 
study sets were compared. (A) The 2007–2011 and 2012–2013 responses were plotted to compare the strongest factor that ignited initial interest 
in STEM. (B) Responses from the 2007–2011 ASSIP alumni who reported the strongest factor that ignited their interest in STEM are represented 
as extracurricular, classroom, and hands-on projects. Students who did not disclose the strongest factor that ignited their interest in STEM are 
not represented in the circle graph (n = 2). (C) 2012–2013 ASSIP alumni responses to the strongest factor that ignited their interest in STEM 
are reported as extracurricular, classroom, and hands-on projects. Students who did not disclose the strongest factor that ignited their interest 
in STEM are not represented in the circle graph (n = 2). (D–F) All factors that influenced the alumni's initial interest in STEM are reported 
and compared across the 2007–2011 and 2012–2013 study sets. The circle graph does not depict students who did not respond to the question 
(2007–2011: n = 1; 2012–2013: n = 0) or selected other (2007–2011: n = 7; 2012–2013: n = 6).
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of us for that project and it was nice to use what I knew and 
apply it to any situation.”

Thirty of 50 alumni who recognized extracurricular ex-
periences such as a relative or friend, childhood experience, 
nonfiction media, or fiction media as the strongest factor that 
inspired their initial interest in STEM provided additional 
details about their encounters. The alumni acknowledged 
parents and other relatives who were employed in STEM 
or medical fields, brothers and sisters who shared scientific 
literature and encouraged them to take advanced science 
courses, and a personal or family member's illness. The 
students also recognized visiting nature parks, identifying 
insects, playing with Legos, using microscopes, going to mu-
seums, reading science-oriented books, and watching nature 
television programs. One alumna commented, “My mom is 
a neurologist so since childhood I have been exposed to dif-
ferent neurological cases, diseases, and symptoms.” Another 
student commented, “I attended a loggerhead sea turtle re-
search trip with my brother when I was younger. This really 
sparked my interest in nature. Afterwards, I always wanted 
to know more about animals and science.” A home-schooled 
alumnus exclaimed, “I was strongly encouraged to explore 
my interests outside of the material we covered in school, so 
I was always reading more about my interests, playing Legos 
(and building enormous structures of everything ranging 
from a Star Trek inspired star ship, to a scaled model of a 
space shuttle and space station), playing with microscopes, 
going to museum trips, etc.” Another alumnus commented, 
“I was questioning why, in so many books that I read, magic 
existed, yet in our world, it did not. In turning toward sci-
ence, it became apparent to me that science was the magic of 
our world and that the only reason that we did not view it as 
such was because of our familiarity with it.”

Two of 50 alumni who did not identify the strongest factor 
that inspired their initial interest in STEM in the single-option 
variable question provided information about the source for 
their inspiration in the unstructured-response question. One 
student noted, “Availability of STEM jobs and growing need 
for scientists and engineers in America.” Another acknowl-
edged, “Looking at the state of the society and the world, 
it is imperative that we contribute for the betterment of the 
people collectively and not just an individual or a business.”

Influence of Hands-On Research on Scientific and 
Academic Performance
We were interested in learning how a hands-on research ex-
perience potentially impacts this cohort of students’ percep-
tions of their academic readiness as well as their continued 
interest in STEM. Nearly 97% of the 2007–2013 alumni re-
ported that they gained a better understanding of scientific 
research (73.2% strongly agreed and 23.5% agreed); 83.9% 
noted that they better understood material learned in the 
classroom and/or read in scientific literature (47.0% strong-
ly agreed and 36.9% agreed); 87.9% responded that they 
were more proficient at identifying research questions and 
designing experiments (47.0% strongly agreed and 40.9% 
agreed); 79.2% documented that they more creatively solve 
problems inside and outside of the classroom (37.6% strong-
ly agreed and 41.6% agreed); 89.9% said that they had en-
hanced critical-thinking and scientific analysis skills (52.3% 
strongly agreed and 37.6% agreed); and 77.2% noted that 

Ten of 50 alumni who indicated that they were most in-
spired by classroom experiences provided written descrip-
tions depicting the sources of their inspiration. Elementary 
and middle school classroom experiences or the influence of 
elementary and middle school teachers were not specifically 
delineated as answer prompts for the questions that assessed 
the factors that inspired the alumni's initial interest in STEM. 
Nevertheless, 8/50 survey responders who answered the 
free-response question did acknowledge elementary and 
middle school experiences. The students’ written responses 
acknowledged middle school and high school teachers who 
taught physics, biology, chemistry, and neurobiology. Spe-
cifically, the alumni noted charismatic, enthusiastic teachers 
who took great interest in their students and made the sub-
jects very interesting. They also mentioned non-textbook-
based activities, such as “dissecting a frog,” “attending a 
university enrichment camp,” and “developing a science 
project.” One alumna commented, “I really became inter-
ested in science (specifically neurology) when my teacher in 
middle school read us a book about Phineas Gage and ex-
plained to us how the brain worked.”

Eight of 50 alumni who indicated that they were most in-
spired by hands-on projects such as science fairs or research 
experiences provided additional text elaborating on these 
experiences. The students acknowledged their experiences 
in ASSIP, STEM research programs, projects assigned in the 
classroom, independent research, and science fair competi-
tions. Specifically, one student responded, “I had designed 
and coded a difficult Guitar Hero program in Java in intro to 
computer science, and though it required many hours out-
side of school and had many problems, my partner and I 
were able to get it to work. We did more than was expected 

Figure 3. ASSIP contributed to a continued interest in STEM. Data 
are reported from the ASSIP alumni regarding their perception that 
the hands-on research they gained in ASSIP influenced their contin-
ued interest in STEM. Data are reported from the 2007–2011 (n = 58) 
and 2012–2013 (n = 91) cohorts. Total responses from the 2007–2013 
alumni (n = 149) are also illustrated. The data are presented as a per-
centage of students from each cohort.
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scientific progress, we did not find significant differences be-
tween the two groups (p > 0.3147; Figure S2). The data were 
collected from a retrospective survey and did not compare 

they had more self confidence (40.3% strongly agreed and 
36.9% agreed; Figure 5A). When we analyzed the 2007–2011 
and 2012–2013 cohorts’ perceptions of their academic and 

Figure 4. The total population of 2007–2013 ASSIP alumni reporting that extracurricular experiences ignited their initial interest in STEM. Sig-
nificantly more 2007–2013 ASSIP alumni were initially influenced to pursue STEM by extracurricular experiences compared with classroom 
experiences and hands-on projects (p < 0.0001). The students reported both the strongest factor and all factors that ignited their initial interest 
in STEM. Each factor was analyzed individually, and the factors were grouped into three categories: extracurricular experiences, classroom 
experiences, and hands-on projects. Extracurricular influences included 1) relative or friend who introduced the student to STEM; 2) child-
hood experience or encounter with nature, astronomy, and so on; 3) fiction or nonfiction book, television show, or movie; and 4) visiting a 
museum. In-classroom influences included 1) performing laboratory experiments in class and 2) a high school teacher. *, experiences that can 
be extracurricular or assigned in the classroom. **, a hands-on project such as a science fair or research experience was classified as its own 
category because it can be performed inside a classroom or in an extracurricular environment. (A) Each factor was plotted independently to 
illustrate the strongest factors that influenced the 2007–2013 ASSIP alumni's initial interest in STEM. (B) The strongest factors that influenced 
the 2007–2013 alumni's initial interest in STEM are reported as three distinct categories: extracurricular experiences, classroom experiences, 
and hands-on projects. Students who did not disclose the strongest factor that ignited their interest in STEM are not represented in the circle 
graph (n = 4). (C and D) All factors that influenced the 2007–2013 ASSIP alumni's initial interest in STEM are reported as the total number 
of responses for each factor. The circle graph does not depict students who did not respond to the question (n = 1) or selected other (n = 13).
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changed their degree preference chose a more advanced 
degree, 15.2% chose a less advanced degree. Our scale for 
determining the lowest to highest level degree is associate’s, 
bachelor’s, master’s, PhD, MD, and dual MD/PhD. Nearly 
11% did not disclose a degree preference before ASSIP but 
acknowledged a degree of interest upon survey comple-
tion. Four percent indicated a degree interest before ASSIP 
but did not disclose a degree preference at the time of sur-
vey completion. The percentage of students from each class 
who changed their degree preference ranged from 20 to 40% 
(Table S3). It is of interest to note that nearly 74% of students 
who previously planned to stop their educational pursuits 
after earning a bachelor's degree were interested in obtain-
ing an advanced degree. This cohort of 19 students indicated 
a desire to earn a master's degree (47.4%), MD (15.8%), or 
PhD (10.5%). Slightly more than 26% of this cohort did not 
change their degree preference.

The 2007–2013 ASSIP alumni expressed intentions of earn-
ing undergraduate degrees in a variety of STEM fields. The 
most popular academic programs included biology (26.4%), 
engineering (14.8%), neuroscience (12.1%), and chemistry 
(11.2%; Table 2). Medicine (22.0%), biology (15.4%), engi-
neering (9.8%), neuroscience (9.3%), and chemistry (8.9%) 
were the most popular intended graduate/professional de-
gree programs (Table 2). Two of the responders who reported 
disinterest in pursuing a graduate degree and 13 students 
who indicated interest in earning a graduate degree, did not 

each student's self-perception before participating in ASSIP 
with his or her self-perception after participation.

Degree Topics Selected by STEM Students
We inquired about the most advanced degree the 2007–2013 
ASSIP alumni planned to pursue and the disciplines they 
intended to study. To address the first question, we asked 
the students to recall the most advanced degree they desired 
to pursue before participating in ASSIP and to indicate their 
current degree aspirations (Table 1). Thirty-one percent of 
the responders reported a change in their degree aspirations 
after participating in ASSIP. While 69.6% of students who 

Figure 5. (A) ASSIP positively influenced the participants’ scientific and academic performance. The 2007–2013 ASSIP alumni indicated their 
perception of the impact ASSIP had on 1) gaining a greater understanding of scientific research, 2) better understanding material learned in 
the classroom and/or read in scientific literature, 3) more efficiently identifying research questions and designing experiments, 4) creatively 
solving problems inside and outside the classroom, 5) enhanced critical-thinking and scientific analysis skills, and 6) greater self-confidence. 
The data are reported as a percentage of the total number of students (n = 149). (B) ASSIP alumni are interested in pursuing STEM careers. 
The 2007–2013 alumni reported an increased awareness of STEM career opportunities after participating in ASSIP and interest in pursuing a 
STEM career before and after participating in the program. The values are recorded as a percentage of the total number of students (n = 149).

Table 1. ASSIP alumni indicated their degree preference before and 
after participating in ASSIP

Degree preference Before ASSIP (n = 149) After ASSIP (n = 149)

Associate’s degree 2 (1.3%)             0
Bachelor’s degree 19 (12.8%) 9 (6.0%)
Master’s degree 27 (18.1%) 33 (22.1%)
PhD 39 (26.2%) 40 (26.8%)
MD 48 (32.2%) 45 (30.2%)
MD/PhD 9 (6.0%) 18 (12.1%)
DDS             0 2 (1.3%)
Not disclosed 5 (3.4%) 2 (1.3%)
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cohorts. There was no significant difference between the 
groups regarding their awareness of STEM career opportu-
nities, interest in a STEM career before and after ASSIP, and 
disinterest in a STEM career (p > 0.0840; Figure S3).

Most students planned to seek careers in healthcare 
(32.2%) and laboratory/scientific research (30.97%). Other 
employment interests included engineering (13.1%), sci-
ence-related administrative careers (7.6%), education (6.8%), 
computer science (5.1%), non–STEM related employment 
(3.0%), and other careers (1.3%). Written responses included 
careers in “bioengineering,” “military,” and “zoo veterinary 
medicine.” One alumnus did not report a career field of in-
terest.

DISCUSSION

While the factors that motivate students to pursue STEM 
are acknowledged in the literature (Matyas and Dix, 1992; 
Robinson and Ochs, 2008; Hall et al., 2011; Hossain and 
Robinson, 2012; Wang, 2013), the importance of factors in-
side and outside the classroom have not been explored in a 
population of students who 1) excel academically, 2) have 
demonstrated and declared interest in STEM by volunteer-
ing to participate in STEM hands-on research programs, and 
3) state they intend to pursue an education track and a ca-
reer in STEM. The present study does not evaluate “change 
strategies” (Henderson et al., 2011) for attracting students 
into STEM. Instead, our goal was to learn what experiences 
initially captured the students who demonstrate strong tal-
ent and interest in STEM. Our data reveal the unexpected 
importance of extracurricular experiences that initially at-
tract students to STEM. Specifically, a majority of this study 
population who demonstrated strong talent and interest in 
STEM indicated that nonclassroom encounters, including 
childhood experiences with nature, astronomy, and so on, 
and relatives or friends who introduced them to STEM were 
the strongest factors that sparked their initial interest in the 
field.

Although it is important to identify the strongest factors 
that ignite most students’ initial interest in STEM, it is imper-
ative not to discount the influence other experiences have on 
different cohorts of students (Kabacoff et al., 2013). In-class-
room factors, including high school teachers and classroom 
experiments and hands-on projects such as science fair or 
research experiences, were also noted by a smaller popu-
lation of alumni as the strongest factors that inspired their 
initial interest in STEM. A limitation of this study is that we 
omitted references to elementary and middle school from 
the specific answer options inquiring about students’ initial 
interest in STEM. This should be taken into consideration 
when interpreting these data. Nevertheless, the students 
were asked to indicate the factor that most influenced them 
to pursue STEM. Survey answer prompts included specific 
choices relating to nonclassroom experiences such as fam-
ily, friends, and childhood experiences, or encounters with 
nature, astronomy, and so on. While childhood experiences 
or relatives and friends are not expected to be directly re-
lated to the elementary and middle school classroom, other 
specific choices such as visiting museums, reading books, 
or watching fictional and nonfictional STEM-centered me-
dia could have been assigned by teachers. A significant 

select a specific field of study. Nine of 12 students who were 
unsure of their graduate degree intentions did list a potential 
field of STEM study.

Student Career Aspirations
During our 7.5-wk summer program, students attended 
workshops designed to introduce a variety of STEM career 
opportunities. After participating in career-day workshops, 
92.0% of the survey responders perceived that they were 
more aware of scientific career opportunities (59.1% strong-
ly agreed and 32.9% agreed; Figure 5B). We also compared 
students’ confidence in pursuing future STEM employment 
before and after ASSIP. Nearly 90% of the 2007–2013 alumni 
recalled that they would pursue STEM employment before 
participating in ASSIP (62.4% strongly agreed and 27.5% 
agreed) and 92.6% of the survey responders agreed that 
they would pursue STEM employment after participating 
in the program (71.8% strongly agreed and 20.8% agreed; 
Figure 5B). Fourteen students who were not committed to 
pursuing STEM employment before participating in ASSIP 
42.9% disagreed and 57.1% neither agreed nor disagreed) 
were further evaluated. Nearly 29% of the students strongly 
agreed and 28.6% agreed that they would pursue a STEM 
career after participating in the program. We subdivided the 
entire group of responders into 2007–2011 and 2012–2013 

Table 2. ASSIP alumni reported their undergraduate and graduate 
degree field of study intentions

Field of study

Undergraduate  
degree intentions  

(n = 223 responses)

Graduate degree 
intentions (n = 214 

responses)

Biology 59 (26.4%) 33 (15.4%)
Business 9 (4.0%) 7 (3.3%)
Chemistry 25 (11.2%) 19 (8.9%)
Education 2 (0.9%) 2 (0.9%)
Engineering 33 (14.8%) 21 (9.8%)
Mathematics 14 (16.3%) 7 (3.3%)
Medical technology 6 (2.7%) 6 (2.8%)
Neuroscience 27 (12.1%) 20 (9.3%)
Nursing 2 (0.9%) 1 (0.5%)
Physics 14 (6.3%) 9 (4.2%)
Public health 8 (3.6%) 8 (3.7%)
Dentistry NA 3 (1.4%)
Law NA 1 (0.5%)
Medicine NA 47 (22.0%)
Other 22 (9.9%)a 12 (5.6%)b

Not disclosed 2 (0.9%) 18 (8.4%)

The number of responses from the 2007–2013 alumni for desired 
field of study in an undergraduate and graduate degree program 
was recorded. Survey responders could identify multiple fields of 
study.
aOther undergraduate degree fields of study that were not listed 
as answer prompts included astronomy, biochemistry, biomedical 
engineering, biotechnology, classics, computational data sciences, 
computer science, economics/premed, environmental science, evo-
lutionary anthropology, political science, and psychology.
bOther graduate degree fields of study that were not listed as answer 
prompts included astronomy, biodefense, biotechnology, computer 
science, environmental science, physiology, and oncological neuro-
surgery.
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A limitation of this study is the cross-sectional, retrospec-
tive survey tool used to evaluate the students’ perceptions. 
While offering pre–post surveys to the same population may 
prevent sources of bias associated with recall, social desir-
ability, effort justification, and cognitive dissonance (Hill and 
Betz, 2005), we chose to use a cross-sectional, retrospective 
survey to avoid response-shift bias (Howard, 1980; Moore 
and Tananis, 2009), maintain anonymity, and achieve high 
response rates. This design allowed us to compare before 
and after perceptions from individual students, while main-
taining an anonymous survey. Furthermore, most incoming 
students did not have prior laboratory experience outside a 
classroom setting. This lack of prior experience could have 
produced response-shift bias on their understanding of the 
process of scientific research, scientific analysis skills, com-
prehension of scientific literature, and ability to design ex-
periments. In regard to educational goals, we discovered 
that the students who reported a change in their degree pref-
erence were not all interested in pursuing a more prestigious 
degree as would be expected to justify effort. Furthermore, 
the changes in degree preference were not correlated with 
the years the students participated in the program (Table S3).

Data collected from the 2007–2013 participants were con-
founded by lower 2007–2011 survey response rates, larger 
applicant pools for the 2012–2013 classes, and the time differ-
ence between program completion and survey submission 
among the 2007–2011 and 2012–2013 cohorts. Independent of 
these differences, the data in Figure 2 support the generality 
of our conclusion that extracurricular activities ignite initial 
interest in STEM among students who have demonstrated a 
strong interest and talent in STEM.

It is important to reiterate that the 2007–2013 ASSIP study 
population was composed of students who expressed a 
strong interest in STEM and acted on this interest by vol-
unteering to perform scientific research during the summer. 
Our study is not a comparison of students who go into sci-
ence and those who do not. Instead, the objective was to 
evaluate what motivates these highly successful students to 
pursue STEM in the first place.

Does the evidence in our study have implications beyond 
students who have a strong talent and interest in STEM? 
The findings depicted in Figures 2 and 4 underscore the im-
portant role of extracurricular experiences to ignite initial 
interest in STEM among students who have demonstrated 
a strong talent and interest in STEM. These data justify ex-
panding this study to assess the entire diversity of students. 
To answer this question, we propose in a future study to 
assess 1) students who have participated in programs that 
aim to attract students into STEM, 2) recent STEM college 
graduates, and 3) a study population outside the northern 
Virginia/Washington, DC, metropolitan area.

CONCLUSIONS

The major conclusion of this study is that students who 
demonstrate a strong talent and interest in STEM are most 
influenced to become interested in STEM through extracur-
ricular experiences. The population of students in this study 
reported that childhood experiences with nature, astrono-
my, and so on, and relatives or friends were the strongest 
factors that ignited their initial interest in STEM. Hands-on 

percentage (53%) of responders reported they were “most 
influenced” by family, friends, and childhood experiences 
(Figure 4A). We do not want to minimize the potential role 
of classroom-associated reading assignments and museum 
field trip activities. Museums, fiction media, and nonfiction 
media that logically constitute extracurricular activities ac-
count for 10.7% (Figure 4A) of the total responses and could 
have been influenced by educational experiences or teacher 
recommendations.

Students who participated in our hands-on research pro-
gram perceived that they gained a greater understanding of 
scientific research, developed enhanced critical-thinking and 
scientific analysis skills, better understood material learned 
in the classroom and read in scientific literature, were more 
proficient at identifying research questions and designing 
experiments, and more creatively solved problems inside 
and outside the classroom. These findings are not unex-
pected and are supported by previous findings. Thiry et al. 
(2011) acknowledged that hands-on research stimulates in-
creased communication, technical and research skills; criti-
cal thinking; and scientific analysis. It has also been reported 
that undergraduate students who participated in hands-on 
research reported greater efficiency in reading scientific lit-
erature, identifying research questions, designing an exper-
iment, analyzing and interpreting data, and communicating 
research orally and in written form (Kardash, 2000; Lopatto, 
2004; Junge et al., 2010).

Prior studies indicate that students who participate in 
hands-on research report improvements in GPA, successful 
completion of science courses, and increased desire to pur-
sue STEM degrees. These experiences promote expectations 
for graduate studies, encourage attainment of graduate 
STEM degrees, and solidify career aspirations (Knox et al., 
2003; Barlow and Villarejo, 2004; Markowitz, 2004). Reten-
tion rates were improved for students in STEM degree pro-
grams when peers with similar interests were placed in an 
environment together, such as that provided by undergrad-
uate research programs (Knox et al., 2003; Pender et al., 2010). 
Our data are consistent with these observations. The ASSIP 
alumni reported that they: 1) developed skills that support 
academic excellence and are essential for becoming inno-
vative STEM professionals, 2) solidified their undergradu-
ate and graduate degree interests, and 3) are more aware of 
STEM career opportunities and are committed to pursuing 
STEM careers. Interpretation of the findings should take into 
account that a control group does not exist and we are re-
porting the responders’ perceptions.

The most frequently noted academic fields of study were 
similar to the STEM research areas the students explored in 
ASSIP. Initially, ASSIP paired students with mentors who 
were performing life sciences research. As the number of 
students and mentors in our program expanded, we have 
added STEM mentors in various university departments. 
The most popular undergraduate degree program was biol-
ogy. A majority of students who planned to seek a postbac-
calaureate degree were interested in medicine and biology. 
Approximately 90% of the mentors performed research in 
genomics, proteomics, nanotechnology, neuroscience, bio-
informatics, biochemistry, and environmental science. Addi-
tional mentors from the math and engineering departments 
were recruited in 2012, which we believe will cause a shift in 
the students’ future educational and career field aspirations.
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laboratory experiences in the ASSIP correlated with a per-
ceived sustained interest in pursuing STEM-related academ-
ic degrees and eventual employment in STEM. Our ASSIP 
participants perceived that they were better able to “un-
derstand material learned in the classroom and/or read in 
scientific literature, identify research questions and design 
experiments, creatively solve problems, and think critically 
and perform scientific analysis” after gaining hands-on re-
search experience. These data provide insights that can in-
fluence policies and initiatives for STEM education. Because 
extracurricular and family experiences are highly influential 
as the initial attractors for students with a potential talent 
in STEM, community-based programs that create awareness 
and provide opportunities for those “magical” encounters 
with STEM for children and their family members should be 
strongly encouraged.
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