University physics students’ motivations and experiences in informal physics programs
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Substantial resources are directed toward public engagement by the physics community, but there is still
much to understand about physicists’ initial motivation for involvement, their experiences and their reasons
for sustained participation. We use motivation theory as a lens to investigate the factors that contribute to
physics students’ decisions to participate in informal science programs. We conducted surveys and interviews
with university students that volunteered in an afterschool physics program for K-12 students. Interviews were
analyzed using content analysis. Findings indicate that previous participation in informal activities, attitudes
towards engaging with the community, and recognition from peers are common themes in university students’
initial reasons for involvement. The emergent themes of a positive experience and the enjoyment of sharing
physics are related to students’ persistence in the program.

I. INTRODUCTION

While many physics departments have a tradition of facili-
tating outreach activities, these activities are often considered
peripheral to the main function of the department. Some fac-
ulty view these informal learning activities as only benefit-
ing public audiences, and they may have concerns about the
amount of time that students who participate in them spend
away from their physics research. At the same time, there
is increasing pressure from funding agencies for basic scien-
tific research to have broader impact through outreach to the
public. For instance, the National Science Foundation (NSF)
mandates that proposals include not only how their research
will generally benefit society at large but also how it will
affect society via education, inclusion of underrepresented
groups, and outreach programs that promote public discus-
sion of research findings [1]. Thus, although some physicists
might be feeling pressured to engage in informal learning,
they may not see it as useful except as a means to an end for
grant funding.

In this study, we investigate how physicists’ motivation to
participate in informal physics is impacted as part of a partic-
ular model of community engagement that is mutually bene-
ficial for both the community and participants [2]. Prior work
shows that outcomes for physicists who participate in infor-
mal physics programs are improved scientific communication
skills [3] and gaining teaching experience [4]. Additional
research in chemistry [5] indicates that another way engag-
ing in outreach activities benefits academics is by reinforc-
ing their excitement about science. Here we examine moti-
vational outcomes for university physics students that partic-
ipate in a particular model of informal physics that engages
K-12 audiences in an afterschool program. More specifically,
we investigate possible changes in motivation (from extrinsic
to intrinsic) after participation in informal science programs
and if those changes could be attributed to cultivation of mo-
tivation through opportunities that facilitate the improvement
of the self.

II. BACKGROUND & FRAMEWORK

Previous research [6],[7] has identified predictors for par-
ticipation in informal science programs that include: previ-
ous participation, belief that it is important to do outreach,
whether scientists feel capable of participating, and how
much they perceive their colleagues are participating in out-
reach activities. On the other hand, some factors that did not
predict participation were: career recognition, sustainability
for their own research (even though scientists believe out-
reach is important, they still do not intend to participate them-
selves), what others think, and time and money constraints
[6], [8]. From these studies, we have some idea of which sci-
entists participate in informal programs and what influences
their decisions. The impact, however, of informal teaching
and learning experiences on participants’ motivations has not
been examined in the physics context. Most of the work has
looked broadly across science and math departments and fo-
cused on faculty. In this work, we situate our investigation
within physics and we focus on university students who par-
ticipate in informal physics programs for public audiences.

We employ motivation theory to understand what makes
physics students engage in informal physics. Hull’s drive the-
ory of motivation [9] suggests that all motivation arises from
some biological need. As those needs are satisfied a posi-
tive attitude towards the action that provided satisfaction for
the need will be reinforced, which leads to a positive moti-
vation to pursue that action in the future. Researchers use
motivation to study the process that initiates behaviors and
classify two different categories: extrinsic and intrinsic. Ex-
trinsic motivation refers to the motivation created by external
factors; the individual engages in an activity as the means to
an end and expects a reward at completion of the task [10].
Intrinsic motivation is that which determines an individual’s
engagement in activity for the pure reason of pleasure and
satisfaction, without mediating effects of external rewards or
pressures [11].

There are three main factors that impact intrinsic motiva-
tion [12]: autonomy, competence, and relatedness. Auton-
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omy is seen as the individual’s perceived control over engage-
ment in a task [13]. If scientists believe it is their decision and
an option, it is more likely that they will participate in out-
reach. Competence refers to the desire to achieve mastery and
feel accomplished in interactions with the environment [14].
The more people believe they are competent, then the more
intrinsically motivated they are to participate in an activity
and perform well in it [15]. A previous study [6] shows that
scientists’ beliefs about their ability to perform outreach well
(such as having prerequisite public communication skills) is
one of the biggest predictors of participation. Finally, relat-
edness is defined as the desire to belong to a group or com-
munity [16]. Previous research [6] has indicated that is not
so much what others think, but the perception of what oth-
ers are doing that predicts scientists’ participation in outreach
activities; i.e. if others are doing it, I should do it to.

III. CONTEXT & METHODS

We investigate physicists’ motivations for participation in
outreach in the context of an informal physics program: Part-
nerships for Informal Science Education in the Community
(PISEC) at the University of Colorado Boulder [17]. PISEC
is a weekly afterschool program that brings physicists and K-
12 students together to do hands-on physics activities through
partnerships with community organizations. It is based on
a model for educational afterschool environments designed
for intergenerational work on exploratory leading activities
[18]. In PISEC, physics undergraduates, graduate students,
and post-docs, known as university educators (UEs), volun-
teer once a week to work with children afterschool.

UEs are recruited through emails, word-of-mouth, and
informational sessions during the first few weeks of each
semester. They sign up for a particular PISEC site and then
spend 5-6 hours in training sessions to prepare them to work
with youth. The content of the training sessions include per-
forming the physics activities and providing feedback, creat-
ing animated movies explaining research topics to children,
and an interactive workshop on issues of diversity and peda-
gogy. After the training period, UEs work with children for an
hour per week for 8-10 weeks at the PISEC sites. This front-
end training is designed to keep the total time commitment
each week for the UEs to around two hours, including travel
to and from sites. At the end of the semester, the kids come
to campus for a field trip, during which UEs give lab tours,
speak on life as a physicist, and perform demonstrations.

We find that in PISEC there are a sizable number of vol-
unteers each semester. From 2011-2014, there were 71 total
volunteers with an average of 20 per academic semester. Of
these total volunteers, 55% were graduate students, 35% were
undergraduates, and 10% were post-docs or staff. In total, 25
physics research groups on campus were represented. PISEC
also has a significant retention rate: one in three UEs volun-
teer a second semester, with one in four volunteering three or
more semesters.
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For a voluntary program with a repeated time commitment,
where UEs are managing classes, lab work, and in some cases
teaching or learning assistant positions, the numbers for par-
ticipation and retention are fairly robust, especially for grad-
uate students. Demonstrating high levels of volunteerism
(through each semester and from semester to semester) would
seem to indicate that the program has good recruitment strate-
gies, while high levels of retention would seem to indicate
that UEs had a positive experience with the program and
found that experience worthwhile.

To understand these participation levels, we investigate the
motivation of UEs to volunteer as well as the UEs’ experi-
ences in the program that may affect their motivation. To do
this, we asked first time volunteers to complete a pre-survey
at the beginning of the semester prior to the training or the
start of the afterschool sessions with children. UEs were re-
quired to respond to the question "Why do you want to par-
ticipate in PISEC?" in an open response format. At the end of
the semester after the completion of the afterschool sessions,
all UEs were given a post-survey where they were asked the
same question but were given a list of options to choose from,
including the opportunity to write in their own response. The
options given were chosen from the common responses UEs
gave during the pre-survey. The reason to do this was to mini-
mize the time commitment for UEs at the end of the semester.
Forty-two pre-surveys and 67 post-surveys were collected.
There were more post-surveys due to returning volunteers.
Pre-survey responses were coded based on the options from
the post-survey, with specific attention paid to any responses
that did not clearly align with the categories. To understand
UEs’ motivations and experiences in PISEC in more detail,
interviews were conducted (n=13) with UEs from the most
recent year of the program (There were no UEs’ interviews
from previous years of the program). These interviews were
coded using content analysis to determine emergent themes
and discussed with the lens of motivation theory.

IV. MOTIVATION TO PARTICIPATE IN PISEC

From the pre-survey results (Figure 1), the top reason UEs
gave for volunteering was to gain a teaching opportunity.
These responses are described by some UEs in their inter-
views. Several UEs talk about the teaching opportunity in
light of their applications for the NSF Graduate Research Fel-
lowship, saying: “I needed an outreach thing for NSF” and
“Also, when I applied for the NSF last year they said I needed
more outreach things and I was like well, you know, that is a
good point.” We classify these explanations as extrinsically
motivated since teaching is being viewed as a means to an
external reward for the UE.

The second most popular reason that UEs gave was to have
fun with kids. This rationale could be considered intrinsically
motivated since it is for the personal enjoyment of the UE. In
interviews, UEs described hearing about PISEC by word-of-
mouth, mainly through discussions with their colleagues and
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FIG. 1. Reasons that UEs choose to participate in PISEC.

classmates who had participated previously and reported pos-
itive experiences. One student explained that “My labmate
did it and said it was a lot of fun. He would just go to do
it every week and come back and like tell stories about what
they did with the kids and playing around with lasers and it
seemed fun.” Another student reported: “Somebody in my of-
fice, I think [student name], joined last year for a term. She
seemed to enjoy it, she thought it was cool.”

An interesting factor that emerged from the interviews was
that some UEs undertook a proactive search for outreach
programs in which to become involved, in contrast to more
passive situations like hearing about the program from col-
leagues or reading an informational email. When they were
actively searching for outreach, PISEC was one of the ac-
tivities at the University of Colorado that most appealed to
people. One person even commented, “It was like one of the
three reasons I wanted to come here [for grad school] is be-
cause they had a program like that.” Additionally, UEs also
mentioned that program reputation was important to them:
“PISEC just seemed like a great organization,” and “it stood
out as kind of a unique opportunity.”

In our data, there seems to be a change in the UEs’ moti-
vation for participation in PISEC when we compare the pre-
survey responses to the post-survey responses as shown in
Figure 1. Initially, resume and teaching opportunities had
higher percentages of responses as reasons to initially partic-
ipate in outreach, but those percentages were lower at the end
of the semester when UEs were asked why they would par-
ticipate again. However, the reasons UEs gave to participate
again were having fun with kids and contributing to commu-
nity. From the comparison of the responses of the pre and post
surveys it seems UEs have a tendency to initially join PISEC
due to extrinsic motivations, while for continued participa-
tion the motivation seems to be driven by intrinsic reasons.
To investigate what prompted those changes we interviewed
UEs that had recently participated in PISEC to describe the
experiences they had that would motivate them to participate
again.
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V. EXPERIENCES IN PISEC

We find two main themes in the interview data that suggest
a mechanism for the shift from extrinsic to intrinsic motiva-
tion for UEs volunteering in PISEC.

Sharing science

One main theme for the UEs to join and continue partici-
pating in PISEC is the ability to “share science”. Many UEs
report enjoying sharing their passion for physics and getting
others excited about physics:

“I just kind of forget how smart and cool kids are some-
times (laughs) and it’s kind of like an exciting thing to
get the chance to get [them] interested in science”

“Well, I get a lot of satisfaction out of physics. I think
it’s fascinating. I think other people should think it’s
fascinating. You know, it’s something that I enjoy and
when I have had the opportunity to successfully com-
municate and maybe teach something to somebody that
they didn’t know - you know, that look on somebody’s
face when they suddenly understand something which
they never really thought that they could understand is
great. Yeah. I really like sharing what has interested
me so much with other people.”

This theme of “’sharing science” can be understood through
the components of intrinsic motivation. When an individual
feels accomplished (competent) in his/her interactions in the
environment then his/her desire to continue to do that activity
is what drives that individual’s behavior. Also, sharing sci-
ence is an activity that connects the participants to the physics
community (relatedness). It reaffirms to them that they are
part of that community, reinforcing a sense of belonging.

Positive Experience

Another important factor for UEs is having a positive ex-
perience doing outreach. This theme includes the UEs’ past
experiences with other informal activities, as well as their
personal experience during their participation in the PISEC
program. This theme emerges from nearly all of the UE in-
terviews as influential in their interest for continued partici-
pation in informal physics:

“I'd been working in a lab for a little while already
before I joined the first semester and I already knew
how nice it would be to have kind of a break for a few
hours every week”

“I just really enjoyed the experience, yeah. It was a
lot of fun. Definitely a good way to get away for a few
hours a week”

“So it was sometimes stressful because of that I was
behind (referring to homework), you know. But I'd say
it was only a stress inducer less than a third of the time.



And even when the concept of going was stressful, go-
ing itself was very cathartic and nice. It was always
Sfun...It was always a stress reliever”

An important emergent finding from the data is that PISEC
provided an escape for UEs from doing lab worked and rou-
tine activities. The volunteers are still engaging in physics
activity during PISEC but in a different way, and this means
of engagement seems to shed a new light on their apprecia-
tion for physics; in their own words, volunteers say that going
to PISEC was “refreshing” to them. We speculate that having
a break from the “grind” to do PISEC may lead to increased
motivation in their classwork and research.

VI. DISCUSSION

The initial motivation for students to participate in an in-
formal physics program and how the experiences they had in
the program impacted their motivation were studied. Prelim-
inary results indicate a change in UEs’ motivations after a
semester of participation in PISEC. UEs’ initial motivations
for participation are both extrinsic and intrinsic and align with
what previous research has indicated as predictors of par-
ticipation. Motivation for continued participation, however,
is driven more by personal satisfaction from sharing science
and contributing to the community, with less influence from
external mediating means. Their experiences in choosing to
participate in PISEC seem to have both increased their sense
of autonomy, because they choose to come back, and also
boosted their competence and sense of accomplishment, as
well as their sense of belonging to a community, which may
in turn reinforce their identity as physicists. Changes in moti-
vations to participate in PISEC are evidence that interactions
with the kids and other members of PISEC changes UEs’ def-
inition of self so that they give more value to intrinsically im-
portant things rather than external factors. Another reason

for the shift could be that after one semester of involvement
in the program, the rewards associated with extrinsic motiva-
tions will have been satisfied. Nevertheless, this change also
suggests that the identity of the UEs is being impacted by the
interactions and experiences they have in PISEC.

Design and facilitation of informal physics have implica-
tions in the efforts to attract more undergraduate and grad-
uate students to pursue and persist in careers in physics, in
particular students from underrepresented minorities. Recent
studies show that for minority students, participating in pro-
grams that give back to their communities can be especially
impactful [19]. For these students, giving back can be an im-
portant part of their identity within their STEM discipline.
Implications of studies such as Estrada et al. are so strong
that a research one university is creating a class for freshman
students to engage in science outreach activities. Because the
university believes, quoting the Director of Physics Outreach,
“one of the things that they’ve [referring to university admin-
istrators] learned is if you want students to stay here [at the
university] and be successful you need to have them feel that
being a [part of the university] is an important part of their
identity. And giving them experiences helps...” [20].

In future work, we plan to expand the study whether these
patterns are true for other models of outreach programs, in-
cluding more volunteers at different levels of their careers,
as well as considering gender and ethnicity to determine the
impact that participation in physics outreach activities has on
their motivation and physics identities.
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