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Abstract

Science and Engineering (S&E) fairs are a valuable educational activity and are believed to increase students’ engagement
and learning in science and engineering. However, due to differences in resources, many schools do not implement fairs to
achieve these benefits for their students. This study reports the findings of a program intended to increase the participation
of students from low-achieving and under-resourced schools in a regional fair program that feeds into the international fair
competition. We found that the number of schools and projects participating in our regional fair increased dramatically since the
start of the program. Teachers had mostly positive expectations for the project and expressed buy-in for the effort the project
-would take. They recruited a diverse pool of students to participate in the school fairs. Quasi-experimental methods allowed us to explore
the impact of completing S&E fairs on student gains on science self-efficacy, interest and value perceptions. Controlling
for pre-existing differences in these attitudes, we found that students not completing projects showed declines in their sci-
ence attitudes during the year. Students who completed projects maintained similar attitudes, while those whose projects
advanced to the regional fair had substantial gains on all three variables. It is unknown whether this gain can be attributed
to the experience of engaging with a quality project, from being the kind of student who completes a quality project, or some
other factor. Future research with greater experimental control could address these questions.

Keywords Scientific inquiry - Science fairs - Program evaluation

Introduction

The Next Generation Science Standards (NGSS,National
Research Council, [NRC] 2013) state that students can only
learn about scientific inquiry and the nature of science by
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‘directly experiencing those practices for themselves’ (p. XV).
Science and Engineering (S&E) fairs provide these experi-
ences by engaging students in authentic scientific practices
and engineering design processes, as well as calling on stu-
dents’ creativity using inquiry-focused learning (Abernathy
& Vineyard, 2001; Bennett et al., 2018; Koomen et al., 2018;
Paul et al., 2016; Sahin, 2013; Schmidt & Kelter, 2017; Welsh
et al., 2020). Proponents of S&E fairs argue this enhanced stu-
dent interest leads to increased numbers of students studying
and pursuing careers in science and engineering (Aubusson,
2012; Bencze & Bowen, 2009; Schmidt & Kelter, 2017).
The impetus for this project was an observation by the
directors of a regional S&E fair that their participants and
winners, who advanced to state and national competitions,
consistently came from a small number of well-resourced
schools with teachers who were experienced in the fair
process. This is consistent with the literature showing that
parent resources and school quality are associated with
participation and success in these types of extracurricular
program (Abernathy & Vineyard, 2001; Korkmaz, 2012).
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It was clear that providing equitable access to the S&E
fair opportunity was directly affected by teachers introducing
S&E fairs at the local level and their readiness (and insider
knowledge) for mentoring students in completing projects.
McComas (2011) called for better teacher preparation to
help educators make S&E fairs an effective and inclusive
learning opportunity (see also Kook et al., 2020). There is
limited literature around interventions focused on providing
in-service teachers with the knowledge and skills to imple-
ment S&E fairs in their schools in order to diversify the
students participating in fairs and therefore accessing this
opportunity to experience authentic scientific inquiry.! The
present research addresses this gap by studying the impact of
a multi-year project focused on supporting teachers to imple-
ment a high-quality S&E fair process in their home schools.
We analysed impacts on students, teachers and the S&E fair
system more broadly to assess the success of this program
and provide evidence that such an intervention for teachers
is likely to have positive effects both on S&E fair programs
and on the students those programs serve.

The goal of the project, and thus the focus of this research,
was to improve the knowledge and skills of teachers in
lower-resourced schools for implementing S&E fair to ulti-
mately have a positive effect on students’ attitudes towards
science and engineering. To evaluate the program’s success,
we were interested in the student-, teacher- and system-level
impacts of the program. At the student level, we considered
the positive impacts of S&E fair participation on students’
attitudes toward science and engineering. For teachers, we
explored perceptions of S&E fairs and their buy-in or moti-
vation to participate before and after professional develop-
ment (PD) experiences because teacher attitudes towards an
intervention are vital to implementation (Harn et al., 2013).
At the broader level, we were interested in issues of equity
around S&E fairs. In particular, we wanted to explore how
well teachers recruited a diverse pool of S&E fair partici-
pants and how this program impacted the quality and diver-
sity of the regional S&E fair to which students from the
schools could advance as part of the competition process.

Why S&E Fairs?

Inquiry-based science refers to students using their scien-
tific knowledge, reasoning and skills to conduct investiga-
tions. Schwab and Brandwein (1966) developed the idea of
inquiry-based science teaching so that students would have
opportunities to learn how scientific knowledge is generated
and to participate in the authentic practices of science. This
approach to science education was fully entrenched with the

! One intervention we located after conducting our study was carried
out with teachers in Turkey (Ak¢oltekin, 2016).

introduction of the NGSS (NRC, 2013) and the Framework
for K-12 Science Education (NRC, 2012). The NGSS frame-
work includes scientific and engineering practices as one
of its three key dimensions for science learning. The term
‘scientific practices’ was introduced to provide more guid-
ance and structure to the concept of inquiry. These practices
include the skills, reasoning abilities and content knowledge
that are necessary for students to engage in investigations
about the natural world (NRC, 2013).

Inquiry can be further understood through Duschl’s
(2008) three facets of inquiry, which they argue should be
present in the science classroom (also discussed in Furtak
et al., 2012). These three facets are conceptual structures
(related to the disciplinary knowledge of NGSS), epistemic
frameworks (which are the strategies and skills used in a
scientific investigation) and the social aspects of science,
including collaboration and communication of findings. A
comprehensive meta-analysis (Furtak et al., 2012) as well as
aresearch synthesis (Minner et al., 2010) have both provided
support to the claim that inquiry-based learning, particu-
larly when it includes all three of Duschl’s facets, is more
effective than traditional, structured learning. In particular,
Furtak et al. (2012) found that science education interven-
tions that engaged more of these facets had greater effects
on student learning.

S&E fair projects can represent true open inquiry in the
science classroom and reflect all of Duschl’s (2008) facets
of inquiry.” To address the conceptual structures, students
engage their scientific knowledge in selecting their pro-
ject topics and interpreting their findings. Rarely in formal
science education is such a level of freedom possible or
practical. Second, students use scientific ways of know-
ing (i.e., epistemology) in designing their investigations
and carrying out data collection and analysis. This allows
students to engage in meaningful and authentic scientific
practices, exemplifying the practices aspect of the NGSS.
Finally, the social aspects of communication and collabo-
ration are achieved during the preparation of the projects,
particularly when projects are done in groups, as well as
during the fairs when students communicate results with
peers and adults during viewing and judging.

Impacts of S&E Fairs on Students

Although there is limited direct evidence of knowledge
gains from S&E fairs (Aubusson et al., 2012; Yasar &
Baker, 2003), there are positive indications. Students

2 We should note that ‘canned’ experiments and demonstration are
too common in many S&E Fairs. These do not engage authentic
inquiry where students must pose a scientific question and collect and
analyse data to address it.
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report that they learned more about the scientific process
and engineering design after completing an S&E fair pro-
ject (Grant, 2007; Schmidt & Kelter, 2017). In addition,
research study on group-based, self-selected engineering
projects (Wilson-Lopez et al., 2018) found encouraging
evidence of the potential for such projects to help students
to acquire and enact a variety of problem-solving skills and
science and engineering knowledge in meaningful ways.

The science education field is also increasingly recog-
nizing the important role of affect and attitudes towards
learning, including interest, utility-value and self-efficacy
for the domain (Fortus, 2014; Guo et al., 2017; Wigfield &
Eccles, 2000). Evidence suggests that S&E fairs improve
students’ attitudes towards science and engineering. For
example, Grinnell et al. (2020) found that students who
completed an S&E fair project, under certain conditions,’
reported increased interest in science and engineering.
Beier et al. (2019) studied the impact of project-based
learning in undergraduate students and found that having
these experiences increased their STEM career aspirations,
perceptions of the value of STEM courses and enhanced
their perception of their STEM skills.

The competition aspect of S&E fairs may also be impor-
tant. Miller et al. (2018) found that even when controlling
for initial interest in STEM fields, students who participated
in more STEM-related competitions had greater interest in a
STEM-related career at the end of high school. Importantly,
they also found that the interest was domain specific. Thus,
the opportunity to select the topic of inquiry and to delve
into a narrow STEM domain, possibly increasing students’
self-efficacy or utility-value perceptions, may be another
positive feature of S&E fairs that is not available in other
types of STEM competitions.

In addition to looking for gains in relevant attitudes
towards science and engineering, we wanted to explore
whether students felt that their S&E fair projects were
important experiences rising above their typical learning
experience. In fact, many students report S&E fairs as being
transformative experiences either at the time or reflecting
as an adult (Welsh et al., 2020; Yoho, 2015). Thus, we also
surveyed students about the degree to which their project
was a transformative experience, a concept in learning pop-
ularised by Pugh (2011), referring to learning experiences
that lead to powerful shifts in students’ knowledge or views
of a field. The transformative experiences scale (Pugh et al.,
2010) was designed around three types of changes to stu-
dents that result from transformative experiences: motivated
use (including looking for opportunities to learn more about
the topic), expanded perception (noticing connections of the

3 Some of the conditions included making the projects optional and
having teacher support in completing the project.
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topic to everyday life) and experiential value (a sense that
they have learned something important). Only students who
completed a project completed this survey.

S&E Fair Implementation and Equity

Researchers such as Cuevas et al. (2005) highlight the
importance of extending inquiry-based learning to stu-
dents from historically marginalised groups. This research
has shown that teachers must be supported in their use of
appropriate inquiry-based instruction with these students
(Lee et al., 2004). Our study seeks to extend the research
specifically on S&E fairs as a pathway to meaningful
inquiry-based learning and discusses teacher-focused PD
designed to increase access to S&E Fairs among students
from historically marginalised groups.

A common public perception of S&E fairs is that stu-
dents who win have parents actively involved in the project
or have greater resources (Craven & Hogan, 2008; Grote,
1995; Syer & Shore, 2001). Studies show that, in many
cases, students must rely heavily on parental resources and
knowledge to design a successful project (Grinnell et al.,
2018; Hampton & Licona, 2013). This means that better
resourced students will tend to get greater benefits from
S&E fair participation. Further, when schools do offer S&E
fairs, they are often optional, which means that students
with greater pre-existing interest in science or engineering
are more likely to participate. As a result, schools with a
high proportion of students from low socioeconomic status
(SES) families are less likely to implement such a program
for their students, despite the potential benefits (Bencze &
Bowen, 2009).

In addition to the demands placed on families, S&E
fairs put considerable demands on teachers (Bunderson &
Anderson, 1996; Craven & Hogan, 2008; Wartinger, 1999).
Organising such an event is especially demanding in the first
few years of implementation. Teacher beliefs and attitudes
towards an intervention are important to assess when a pro-
gram wants to understand which teachers will implement the
intervention with fidelity (Century et al., 2010; Harn et al.,
2013; Lakin & Shannon, 2015; O’Donnell, 2008). This led
to our focus on teacher attitudes towards S&E fairs and not
simply on their implementation of the fairs.

Teachers’ attitudes towards interventions can be parsed in
numerous ways, but our previous work (Lakin & Shannon,
2015) demonstrated the value of measuring teachers’
attitudes toward the intervention’s acceptability and effec-
tiveness to predict whether they will invest the time and
effort to implement an intervention with fidelity (see also
Mowbray et al., 2003; O’Donnell, 2008). Acceptability
is the perceived appropriateness, fairness or reasonable-
ness of a treatment to address a particular need (Kazdin,
1980; Reimers et al., 1987; Tanol, 2010). Effectiveness is
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the perception that the intervention will have the intended
positive impacts on the problem. We assessed these percep-
tions of S&E fairs as part of our evaluation of the program
(Century et al., 2010).

The STEM-IQ Program

To address observations of local inequities in S&E fairs, a
project called ‘STEM-IQ: Science Technology Engineering
and Mathematics Inquiry for Enhancing Science Education
in Eastern Alabama’ was developed that focused on intro-
ducing S&E fairs to high-needs and low-achieving schools
as a means for improving science interest and achievement.
It was led by faculty and staff involved with the Greater
East Alabama Regional Science and Engineering Fair
(GEARSEF), a fair that is affiliated with the Regeneron
International S&E Fair (ISEF) system. All participating
schools were located in the geographic area that is eligible
to advance to GEARSEF as well as state and international
competition.

The program focused on schools located in the Alabama
Black Belt, an agricultural region that is historically low
SES and has a large African American population. The dis-
tricts this program served were primarily those that were
under-resourced and with high levels of free or reduced
lunch (FRL) eligibility. Based on information gathered
while running a regional S&E fair, schools with higher pov-
erty rates and fewer school resources are less likely to hold
school-level fairs at all. When these schools do hold fairs and
send students to the regional competition, the projects are
noticeably lower in quality and less inquiry-based compared
with students who come from better-resourced schools or
who come from higher income families.

The project goals included enhancing (a) the regional fair
by raising the rigor of the current S&E fairs and increasing
the number of projects in the region, (b) impacts on schools
by creating a sustainable S&E fair infrastructure and culti-
vating a culture of STEM promotion through the implemen-
tation of S&E fairs and (c) student outcomes by increas-
ing the diversity of students participating at the school and
regional level and increasing individual students’ science
and engineering attitudes.

The PD for teachers in the program focused on sup-
port the access all students had to participating in the
S&E program. Our focus was on equitable access and
addressing inequities the leadership noted in terms of
(1) lower-resourced (or lower SES) schools not imple-
menting S&E Fairs, (2) teachers in higher-resourced dis-
tricts having ‘insider knowledge’ that advantaged their
students and (3) students in lower resourced schools not
having the experiences to spark high-quality project
ideas or not having access to the equipment to carry out
investigations.

The PD involved hands-on learning experiences for teach-
ers, analysis of successful student projects and opportunities
to attend regional, state and international fairs. Co-learning
was an important feature of the PD as teachers were
recruited in ‘vertical teams’, which included two to three
middle school teachers, two to three high school teachers
and one administrator from the same school district. This
arrangement was intended to promote within-school and
cross-school support for student mentoring and S&E fair
development.

Teachers at remote rural schools noted that their students
had fewer opportunities for guest speakers or site visits that
might spark their interest in a STEM topic. Therefore, the
project developed a program called Destination STEM, a
day-long outreach event designed for grades 6—12. At this
event, university faculty and graduate students presented
science and engineering topics intended to spark interest
and possible project ideas in the grade 6—12 students who
attended.

During the school year, program-affiliated university
faculty, staff and graduate students were available for
more informal interactions with teachers and students.
This included school visits at the invitation of teachers and
assisting with judging at school-level fairs. As part of these
interactions, teachers were provided with constructive feed-
back from the project member. Faculty were also available
as mentors to teachers and directly to students completing
S&E fair projects, when requested.

The program was designed and implemented by a pro-
ject team consisting of four science and engineering faculty
members as well as staff from the College of Science and
Mathematics (COSAM) Outreach office. All of the faculty
and staff had extensive experience running the regional S&E
fair program. Most of the faculty served as head judges each
year at this event. One faculty member (first author) from
the College of Education served as external evaluator for
the program. Outreach staff and graduate students, in col-
laboration with four to seven science and engineering faculty
(depending on the year), provided the PD experiences and
resources.

The project team continuously refined the training and
support provided for each new cohort over the course of
the grant. An outline of each year’s topics and goals in the
fully realised program are outlined in Table 1. The final
iteration of the program, as provided to cohorts 2 and 3,
consisted of a week-long summer workshop in the first year
of participation. At this workshop, teachers received over
30 h of PD related to organising an S&E fair. The work-
shop also focused on supporting teachers in implementing
inquiry methods to support high-quality S&E projects that
follow authentic science and engineering practices. In year
2 of their participation, each cohort returned for a 2-day
workshop that provided additional training on needed or
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Table 1 Program activities for teachers and training topics by year of participation

Year 1

Year 2 Year 3

Training opportunities Five-day summer training
One-day workshop in fall
Attend GEARSEEF, option to attend

state fair
Mentor at least two students in

completing a S&E fair project,
bring projects to GEARSEF

Goals for teacher participation

Workshop topics during summer training

International S&E Fair (ISEF)
organisation

Requirements for running an ISEF
program, managing paperwork

Project oversight (behavioural,
bacteria, vertebrate and chemical
risk assessments)

Developing mission statements and
goals

How do judges evaluate a project?

Organisation of S&E Fairs

Guiding student projects Writing a testable hypothesis and
research question

Improving science literacy skills

Developing appropriate research
plans

Preparing students for the judges’
interviews

Technical skills Data analysis skills

Research posters and backboards

Ideas for physical science and
engineering projects

Classroom supports Activities to introduce potential
project topics

Starting successful projects—grad-
ing rubrics

Pacing guides for mentoring
projects

Hands on activities and virtual labs

Standards alignment

Two-day summer training

One-day workshop in fall

Attend GEARSEEF, option to attend
state fair or international fair

One-day workshop in fall (optional)
Attend GEARSEEF, option to attend
state fair or international fair

Mentor at least ten students in
completing a S&E fair project,
organise a class- or school-level
fair, bring projects to GEARSEF

Mentor at least ten students in
completing a S&E fair project,
organise a class- or school-level
fair, bring projects to GEARSEF

Recap from last year—what have
we learned/what have YOU
learned

Trouble-shooting and common
issues

Behavioural science survey projects
and IRBs

Strategies for recruiting and train-
ing local judges

Vertebrate animals/bacteria/risk
assessment

No formal training in year 3

Selling your project—how to tell
your experiment story
Refining the research plan

Sterile lab techniques on a budget

Poster printing for more profes-
sional presentations

Data analysis: basic statistics and
reporting

Station rotation—sharing tangibles
for building your resources

requested topics. For each cohort, year 3 included continued
informal support from the program with goals for mentoring
at least 10 student projects. No formal training was planned
for these teachers, but many chose to attend the program
events during the year.

This Study

The goal of the STEM-IQ project was to expand the adoption
of S&E fairs in local schools with high proportions of low-
SES students. Although we strongly encouraged teachers to
make projects mandatory, many teachers made participation
optional or only incentivised participation, such as providing
extra credit. As a result, we had the opportunity to explore
which types of students, based on demographics, were more

@ Springer

likely to complete projects. We were also able to explore the
impacts of fair participation on students’ attitudes towards
science when controlling for demographic characteristics
and pre-existing science interest using ANCOVA methods.
Our research questions addressed each level of the program
(teachers and schools) as well as the impact of S&E fairs
on students:

1. Was there a substantial increase in the overall number of
projects as well as the number of students from under-
represented groups (female, Latinx, African American)
who competed and/or won awards at the regional fair?

2. Do teachers hold the attitudes and beliefs that will sup-

port their implementation of perceive S&E fairs?
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Table 2 Survey scales for teachers (scale: 0=Not at all true, 2= Somewhat true, 4= Very true)

Survey scales Sample survey items

No. of items Cronbach’s o

Acceptability of the program

and for S&E fairs in general ~ Project benefit the school

Our school has enough staff, time, and other resources to make the STEM-1Q 8 .68

Our school has enough staff, time and other resources to make a science and engi-

neering fair benefit the students

Organising a science and engineering fair for my class or school is worth the time

it takes to organise

I believe I will take away lasting benefits from participating in the STEM-IQ

Project

Expected benefits for students I think completing Science and Engineering fair Projects will help me increase ... 7 91

students’ competence in science

students’ motivation to understand science in depth

students’ interest in science

students’ belief in the importance of science
students’ academic performance in science

female students’ interest in science

racial/ethnic minority students’ interest in science

Intent to implement I will mentor students this year

I will implement a science and engineering fair at my school this year

3. How did background characteristics relate to students’
likelihood of participating in the school fair? Advancing
to the regional fair?

4. Controlling for pre-fair differences, did students who
participated in a school fair show increased science
interest, value or self-efficacy? What kinds of trans-
Sformative experiences (Pugh et al., 2010) did students
who completed projects report?

Methods
Regional Fair

All participating schools came from the region of Ala-
bama that participates in the GEARSEF regional fair that
accepts projects from school-level fairs; GEARSEF win-
ners and highly scored projects advance to the Alabama
State Science and Engineering Fair and potentially to
the International Science and Engineering Fair. The co-
authors of this paper are all involved in the administra-
tion of GEARSEF and have access to program records.
As part of the study, GEARSEF records were mined for
information about the number of projects completed each
year, starting prior to the grant period in 2013. We also
collected information on the number of girls and stu-
dents from underrepresented minority groups (specifi-
cally Latinx or African American) who competed in the
regional fair and/or received an award for their project at
the GEARSEF competition. Descriptive statistics based
on these data will answer the first two research questions.

Teachers

Our data collection methods included quantitative surveys
completed by teachers related to perceptions of S&E fairs.
The project’s evaluator (first author) compiled survey meas-
ures of teachers’ attitudes and evaluation of program activi-
ties. See Table 2. These surveys were partly based on pre-
vious evaluations (particularly a Math-Science Partnership
[MSP]; Lakin & Wallace, 2015) and assess buy-in to the
program and intent to implement program activities. Spe-
cifically, we measured teacher attitudes as ‘buy-in’ which
includes the acceptability of the intervention (both S&E
Fairs as well as the STEM-IQ initiative) relative to the time
and other resources it requires. We also surveyed teachers on
their perceptions of effectiveness of the intervention, which
is also shown to predict teacher implementation when they
believe the intervention will have important impacts on their
students.

Because our program evolved through the Cohort 1 pro-
cess (2014-2016), this study reports the findings from teach-
ers and students who participated in Cohort 2 (2015-2017)
and 3 (2016-2018) of the program. At the start of the pro-
gram, teachers completed baseline surveys with demo-
graphic questions. We received 30 survey responses, with 2
declining to complete the full survey, but providing demo-
graphic information. See Table 3.

Across cohorts, the teachers served a range of grade
6—12 students and taught either a self-contained classroom
or were science or mathematics specialists. The teachers had
a median of 11 years of teaching experience and most had
been in their current school for at least 4 years. When asked
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Table 3 Teacher demographic characteristics

Cohort 2 Cohort 3
(2015-2017)  (2016-2018)
N 18 14
Average years of teaching experience 11 11.3
Gender Female 14 13
Male 4 1
Race African American 2 2
Biracial 1 0
White 15 9
Not reported 0 3
Degrees held Bachelor’s only 4 2
Bachelor’s plus 3 1
graduate credits
Master’s 10 5
Specialist 0
Doctorate 1
Not reported 0 5

about the typical performance level of their students, teach-
ers reported that their students either had a range of achieve-
ment levels or were at or below grade level; just one reported
their students were mostly performing at grade level.

When asked about their personal experience with science
and engineering fairs, most had never participated in science
fairs as students (about 80%). Two-thirds of Cohort 2 had
experience organising a class-level or school-level fair. In
Cohort 3, just a few had prior experience organising a fair.
All analyses for teachers involved descriptive statistics.

Students

Teachers administered pre- and post-fair surveys of sci-
ence/engineering and fair-related attitudes to students
in their science classes that included both students who
did and did not complete S&E projects. Students who
did not complete a project were considered the control
group. Across 2 years, 32 teachers from the two cohorts
provided post-fair survey data from participating and
non-participating students. We received data from 1257
students at the beginning of the year, but just 982 at the
end of the year. Our matching efforts identified 795 com-
plete cases, which is the data we focus on here. Students
provided demographic information about themselves,
including gender and race or ethnicity (See Table 4).
We also asked the student about their current level of
performance in science class (options: Worse than most
other students, About the same as other students, Better
than other students, Don’t know). We also asked about
their mother’s (or other adult female living with you)
and father’s (or other adult male living with you) educa-
tion levels with options of did not complete high school,
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completed high school, completed college and completed
an advanced degree. Given the limited numbers of stu-
dents reporting parents had less than high school or an
advanced degree, we collapsed these categories into
‘high school degree or less’ and ‘college or advanced
degree’.

Measures of science attitudes (value and self-efficacy
for science) as well as science and engineering interest
were drawn from the MSP-MAP project (Karabenick &
Maehr, 2007) that developed theoretically grounded meas-
ures of constructs likely to be impacted by grades 6—12
science interventions. See Table 5. Previous research with
these scales had strong internal consistency (a=.88 to .95;
Conley et al., 2006). Our internal consistency estimates
were lower but still acceptable (a=.72-.93).

We also asked questions about whether students found
S&E fair projects to be ‘transformative experiences’
(Pugh et al., 2010) which are expected to reflect deeper
engagement with science. We shortened the scales for
time, selecting four representative items from each scale:
motivated use (reflects whether students seek opportuni-
ties to learn more), expanded perception (degree to which
connect their learning outside of the classroom) and
experiential value (beliefs that the learning is useful).
We also rephrased each question to ask about the fair
project specifically. The scale is intended to be adapted
to the specific application under study (Koskey et al.,
2018). The original scales correlated r=0.5 to 0.7 with
measures of utility-value (Koskey et al., 2018), which
demonstrates acceptable discriminant as well as predic-
tive value. Only students completing a project responded
to the questions about their transformative experience
(n =499 for these analyses). We found that the scales
had acceptable internal consistency («=.81 to .84) and
correlated with values (r=.39 to .44) with a strength
similar to previous work. A confirmatory factor analysis
supported the use of three factors rather than a single
composite score.

We used logistic regression to determine if other
demographic variables predicted participation or advanc-
ing to the regional fair. These demographic variables
included sex, parent education level (divided into high
school degree or less compared with college or advanced
degrees), current academic performance (‘worse than most
other students’, ‘about the same’ or ‘better than some other
students’) and race/ethnicity (Latinx, African American,
Asian, Multi-racial, white).

To compare student changes as a result of S&E fair
participation or non-participation, we contrasted three
groups of students: those who did not complete a project,
those who completed a project but did not advance to the
regional fair and those who did advance to the regional
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Table 4 S.tu.dent demographic Variable Frequency Percent
characteristics
Fair participation No project 249 314
Project, did not advance 464 58.4
Project, advanced 82 10.3
Grade level 6 146 18.4
7 82 10.3
8 144 18.1
9 178 224
10 31 39
11 141 17.7
12 67 8.4
Missing 6 0.8
Race or ethnicity African American 286 36.0
Hispanic 44 55
Asian 13 1.6
White 391 49.2
Mixed 58 7.3
Other 1 0.1
Missing 2 0.3
Gender Female 441 55.5
Male 347 43.6
Missing 13 1.7
Science class performance About the same as other students 360 453
(compared to peers) Better than other students 259 32.6
Don’t know 145 18.2
Worse than most other students 25 3.1
Father’s education High school degree or less 352 443
College or advanced degrees 397 499
Missing 46 5.8
Mother’s education High school degree or less 294 37.0
College or advanced degrees 490 61.6
Missing 11 14

fair. We then ran ANCOVA analyses looking at the effect
of participation in the S&E fair controlling for pre-fair
attitudes within each type of attitude (interest, self-efficacy
and attitudes). We included classroom as a random-effects
variable to control for the clustering effects of students
nested in classrooms. We also compared students who did
and did not advance to GEARSEF in terms of their per-
ception of having transformative experiences. For this, we
used independent-sample 7 tests.

Results

The first part of the study involved effects observed at the
regional level using program records, specifically if there
was an increase in regional fair participation or the diver-
sity of students competing or winning awards at the fair. We
found that the number of schools and projects participating

in the fair increased dramatically from 9 schools in 2013 to
a maximum of 40 schools in 2018. See Fig. 1, which shows
that the number of schools participating in the regional
fair has risen from 9 schools prior to the program (2013)
to 40 schools in 2018, the year that cohort 3 completed
their formal participation. Even after direct funding for
teachers ended (2018), the following years saw 36 and
31 schools participate in the regional fair.* Similarly, the
number of projects rose from 63 projects to 276 and main-
tained around 200 projects after teacher funding ended.
See Fig. 2. The number of projects presented at the fair is
a function of the number of schools participating (because
each is allowed to advance up to 20% of their projects)

4 The 2020 fair took place prior to most school closures due to the
COVID-19 pandemic, but some schools had begun to restrict off-
campus activities.
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Table 5 Student survey scales and internal consistency estimates (scale: 0=Not at all true, 2=Somewhat true, 4 = Very true)

Scale

Cronbach’s

Items

o (pre/post)

Self-efficacy for Science (n=5) .72/.85

Interest in Science and Engineering (n=11) .86/.77

Utility/Value of science (n=6) .87/.87

Gains in learning (n=1) NA

Gains in interest (n=1) NA

Transformative Experience: —/.81
Motivated Use (n=4)

Transformative Experience: Expanded —/.84
Perception (n=4)

Transformative Experience: —/.84
Experiential Value (n=4)

I am good at science
I believe I will receive a good grade in science class
Even if the work in science class is hard, I can learn it

I like science

I would like to study engineering in college
I would like to be a science teacher someday
A job as an engineer would be exciting

Science is useful for me to learn

I can use what I lean in science to do other things besides school-
work

I believe that knowing science will help me get a job someday

I learned important things about science or engineering from my
project
My project made me more interested in science or engineering

Outside of school, I talk with others about concepts from my sci-
ence and engineering fair project

I apply the knowledge that I’ve learned from my fair project
during class

I think about science or engineering differently given what I have
learned from my fair project

I notice examples of science or engineering concepts in my eve-
ryday life that I would not have noticed before doing my project

What I learned from my fair project makes the world more
interesting

Outside of school, I find it exciting to think about concepts from
my fair project

Transformative experience scales administered at post-test only

and a function of quality, because judge ratings must meet
a score minimum (set by each school) to advance. Apart
from the current project, there were no additional initia-
tives promoting adoption of S&E fairs, so we can safely
attribute much of this increase to the program.

Another important program result was the increase
in the diversity of the science fair winners in the
region. Figure 3 shows the demographics of the over-
all fair as well as students receiving category and spe-
cial awards. Category awards are based on topic, such
as engineering, physics or behavioural science topics.
Special awards are funded by organisations and can
have specific targets (such as the named award for
water-related projects). Overall, the demographics
of the fair did not change much (68% white in 2013
to 64% white in 2020). However, substantially more
African American students received category and spe-
cial awards after program implementation (increas-
ing by 17% and 6%, respectively), suggesting students
from these demographic groups were bringing higher-
quality projects to the fair. Note also that the 2013
fair had much less participation (74 students in 2013
vs. 170 in 2020), so there were many more students
participating and winning awards in 2020.
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Teacher Attitudes and Beliefs to Support
Implementation

Our second research question focused on teachers’ atti-
tudes and beliefs that would support their implementation
of an S&E Fair. Acceptability and perceived effectiveness
are important factors in teachers’ implementation of a new
program (Lakin & Shannon, 2015). Thirty teachers com-
pleted the beginning and end-of-workshop survey during
their first summer of participation that asked about their
attitudes towards the program as well as for S&E fairs in
general; see Table 6.

Teachers had mostly positive expectations for the pro-
ject and expressed perceptions of acceptability (M =3.7
[max.=4], SD =0.4) and effectiveness (M =3.4, SD=0.5)
for the project and S&E fairs. This is not surprising as
we presume that mostly teachers who were amenable to
S&E Fairs would participate. However, their buy-in after
training was still important to understand to see if they
had reservations. Indeed, teachers expressed the weak-
est agreement with the statement that their school had
enough resources to make the most of the STEM-IQ pro-
ject (M =3.3,SD=0.5), or of the S&E fair itself (M =3.3,
SD =0.6). While nearly all teachers expressed confidence
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Fig. 1 The number of schools 45

participating in GEARSEF from

2013 (pre-STEM-1Q) to 2020

(teacher incentives ended before 40
the 2019 fair)
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Schools Represented
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they would mentor projects and implement a school fair in
the coming year (intent to implement, M =4.0, SD =0.2),
these survey results suggest that teachers were concerned
that the fair would take a good deal of time and resources
to be implemented effectively.

Teachers were optimistic that the S&E fairs would help
their students develop competence, motivation, interest and
belief in the importance of science (effectiveness, M =3.4,
SD =0.5). There was somewhat more variability (SD=0.7

or 0.8) in their perceptions that the fairs would specifically
benefit girls or racial/ethnic minority students in their inter-
est in science.

Diverse Student Participation in S&E Fair
Our first research question regarding students focused on

the diversity of students who participated in the school S&E
fair to explore how effective the teachers were at engaging

Fig.2 The number of stu- 300
dent projects competing in 275
GEARSEF from 2013 (pre-
STEM-IQ) to 2020 (teacher
incentives ended before the 250
2019 fair) @ Junior Division
o m Senior Division 201 200
S 200 186
2,
o
o
‘E 150 135
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3 11
it
® 100 -
63
50
0
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Fig.3 The demographics of student participants in GEARSEF from
2013 to 2020, demographics of students receiving category awards
(e.g. engineering, physics, behavioral sciences) and demographics of

a wide range of students at the local level of competition.
Twenty teachers from cohorts 2 and 3 provided usable
data from the post-fair survey from participating and non-
participating students (another three did not provide surveys from
students completing a project). This data was important for
determining whether there were differences in demographics
or attitudes as a result of participating in an S&E fair project.

Across all teachers, students from Latinx and African
American backgrounds as well as girls were proportionally
represented among students completing a project (Table 7).
Although teachers cannot control which students complete
a project (particularly when they are optional), they were
strongly encouraged to promote the participation of these
over under-represented groups. In this data, all but one of the
classrooms represented girls proportionally, 80% of class-
rooms had representative numbers of African-American stu-
dents (16 classrooms out of 20), and 65% has representative
numbers of Latinx students.

To further explore how demographics related to fair par-
ticipation, we analysed the demographic characteristics of
students in predicting who completed an S&E fair projects
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students winning special awards (named awards given across catego-
ries, such as awards funded by individual colleges). ‘Other’ race was
predominantly Asian

using logistic regression, Table 8. The only significant effect
was grade level (B= —0.435, p<0.001), where teachers
with younger students seemed more likely to require all
students to complete a project, while teachers with older
students made the projects optional. For example, out of the
8 classes with data for sixth grade, 6 (75%) had all students
completing a project. In grades 7-9, 30—45% of the classes
required projects. Across grades 10—12, 26 classes provided
data and just two required projects. Based on teacher report,
these tended to be advanced or AP classes.

When looking at which students advance from the school
to the regional fair, demographic variables had more pro-
nounced effects (Table 9). Girls were 91% more likely than
boys to advance from the school to regional fair (B=0.645,
p=0.025). African-American students were 77% less likely
than white students to advance (B=-1.459, p<0.001).
Finally, students whose mother had at least a college degree
were 110% more likely to advance than other students
(B=0.755, p=0.033).

One possible explanation is that the school judges are
biased against some students. Implicit bias affects teachers’
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Table 6 Teacher perceptions of the acceptability and effectiveness of S&E Fairs and the project (scale: 0=Not at all true, 2=Somewhat true,

4 =Very true)

Scale/items M SD
Acceptability (scale average) 3.7 0.4
Our school has enough staff, time, and other resources to make the STEM-IQ Project benefit the school 3.3 0.5
The STEM-IQ workshops held are worth the time it takes to attend 3.8 0.4
Collaboration with faculty like the current project are helpful to my school 4.0 0.2
Our school has enough staff, time and other resources to make a science and engineering fair benefit the students 33 0.6
Organizing a science and engineering fair for my class or school will take a lot of time and effort 34 0.7
The campus visits during the school year for students will be worth the time it takes to attend 3.9 0.3
Organizing a science and engineering fair for my class or school is worth the time it takes to organise 3.7 0.5
Collaborating with other teachers from my school will help me run a successful science fair 39 0.2
1 believe I will take away lasting benefits from participating in the STEM-IQ Project 3.8 0.4
Effectiveness for students (scale average) 34 0.5
Students’ competence in science 35 0.6
Students’ motivation to understand science in depth 34 0.6
Students’ interest in science 3.5 0.6
Students’ belief in the importance of science 34 0.6
Students’ academic performance in science 34 0.7
Female students’ interest in science 32 0.7
Racial/ethnic minority students’ interest in science 32 0.8
Intent to implement (scale average) 4.0 0.2
I will mentor at least two students on their science fair projects this year 4.0 0.2
I will implement a science and engineering fair following Intel ISEF rules at my school this year 3.9 0.3

perceptions and ratings of students from certain backgrounds
(Starck et al., 2020), and studies of judgement or evaluation
in the workplace suggest that bias against minoritised groups
and girls may be common (Koch et al., 2015; Kraiger &
Ford, 1985). However, in many of these schools the judges
and students were Black and from the same community. Fur-
ther, rater bias may be expected to penalise girls, but that
was not observed here. In sum, we cannot rule out rater bias,
but we did explore other potential explanations in terms of
differential access to materials and support for high-quality
projects.

We asked students a few questions about their project
experience in our survey. Very few (less than 10) reported
working with a university lab on their project, so this was
not likely a factor. Across the significant variables (races,
mother education and gender), there were no differences in
whether the students worked in a group or alone. Some dif-
ferences were observed in sources of materials for their pro-
ject. White students were more likely than Black or Latinx
students to list local businesses or universities as a source of
materials (10% vs. 5% for other groups; 5> p <0.01). Com-
paring girls and boys, girls were less likely than boys to list
local businesses or universities as a source of materials (7%
vs. 11%, y* p<0.05), but girls were more likely to advance
despite this difference.

The simplest explanation for much of these effects may
come down to lack of judge training and the visual appeal
of the project and its display. While judge training was
given at the regional fair, this was not always the case at
the local fairs, and our informal observations suggested that
the design and attractiveness of displays was an important
factor in scoring at the local fairs, where administrators or
staff were likely to be the judges rather than professionals
or scientists. As a result, flashy demonstration projects, as
opposed to true scientific inquiry or engineering design,
often won locally. In this case, race and mother’s educa-
tion may be confounded with socioeconomic resources such
that Black students and students whose mothers have less
education may not have access to attractive project mate-
rials. It may also be that some parents are more likely to
get involved directly in the design of the project, leading to
more sophisticated or attractive projects. Further research is
needed on how access to resources influenced success and is
differentially distributed among students by race or gender.

Impact of Fair on Students Controlling for Pre-Fair
Differences

Our final research question focused on whether fair partici-
pation had the intended positive effects on students’ attitudes
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Table 7 Proportional

. Classroom demographics Project participants ratio
representation of students by
gender and race who completed Survey n n, % Black n, % Latinx n, % girls Projectn n, % Black n, % Latinx n, % girls
projects
Teacher 1 17 3 1 6 12 2 0 4
17.6% 5.9% 35.3% 16.7% 0.0% 33.3%
Teacher2 34 12 1 20 30 9 1 18
35.3% 2.9% 58.8% 30.0% 3.3% 60.0%
Teacher 3 39 17 1 23 37 17 1 23
43.6% 2.6% 59.0% 45.9% 2.7% 62.2%
Teacher4 30 11 1 15 29 11 1 14
36.7% 3.3% 50.0% 37.9% 3.4% 48.3%
Teacher 5 37 2 3 13 5 0 0 2
5.3% 7.9% 34.2% 0.0% 0.0% 40.0%
Teacher 6 60 43 5 36 31 22 2 18
72.1% 8.2% 60.7% 71.0% 6.5% 58.1%
Teacher 7 35 19 0 19 18 10 0 7
54.3% 0.0% 54.3% 55.6% 0.0% 38.9%
Teacher 8 48 41 3 30 5 5 0 3
85.4% 6.3% 62.5% 100.0% 0.0% 60.0%
Teacher9 32 19 4 19 32 19 4 19
59.4% 12.5% 59.4% 59.4% 12.5% 59.4%
Teacher 10 30 9 1 16 29 8 1 15
30.0% 3.3% 53.3% 27.6% 3.4% 51.7%
Teacher 11 35 3 9 22 35 3 9 22
8.6% 25.7% 62.9% 8.6% 25.7% 62.9%
Teacher 12 57 23 4 39 24 10 1 18
39.7% 6.9% 69.0% 41.7% 4.2% 75.0%
Teacher 13 34 5 4 23 34 5 4 23
14.7% 11.8% 67.6% 14.7% 11.8% 67.6%
Teacher 14 36 11 1 21 23 5 0 11
30.6% 2.8% 58.3% 21.7% 0.0% 47.8%
Teacher 15 34 19 0 22 34 19 0 22
55.9% 0.0% 64.7% 55.9% 0.0% 64.7%
Teacher 16 38 16 3 20 33 15 3 17
41.0% 7.7% 53.8% 45.5% 9.1% 51.5%
Teacher 17 40 8 1 22 32 7 1 18
20.0% 2.5% 55.0% 21.9% 3.1% 56.3%
Teacher 18 38 6 2 21 5 0 1 3
15.0% 5.0% 55.0% 0.0% 20.0% 60.0%
Teacher 19 35 25 4 18 17 13 0 11
71.4% 11.4% 51.4% 76.5% 0.0% 64.7%
Teacher 20 44 9 1 21 16 2 0 7
20.5% 2.3% 47.7% 12.5% 0.0% 43.8%
Total 37.8% 7.2% 55.6% 37% 5% 55%

Italics = above or within 1.96 S.E. of total representation by percentage

towards science and engineering. We compared three groups
of students in terms of their science interest, self-efficacy
and value perceptions: those who did not complete a pro-
ject (‘no project’), those who completed a project but did
not advance to the regional fair (‘not advanced’) and those
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who did advance to the regional fair (‘advanced’). For those
no project students, efficacy and value actually decreased
moderately during the school year (d= —0.31 and —0.82,
respectively). This is consistent with work showing that sci-
ence attitudes tend to decline in junior high and high school
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Table8 Logistic regression. Predicting whether student completed a project
results for students completing
a project B S.E Wald df Sig Exp(B)
Sex —-0.087 0.200 0.188 1 0.665 0.917
Race/ethnicity
African American —0.162 0.203 0.640 1 0.424 0.850
Latinx —-0.092 0.420 0.048 1 0.827 0.912
Parent or guardian education
Father college degree 0.020 0.217 0.008 1 0.928 1.020
Mother college degree 0.156 0.225 0.482 1 0.488 1.169
Current performance:
Better than most 0.039 0.209 0.034 1 0.853 1.040
Don’t know or worse —0.016 0.334 0.002 1 0.961 0.984
Grade level —-0.435 0.055 63.612 1 <0.001 0.647
Constant 4.767 0.571 69.652 1 <0.001 117.583

Sex reference group was male. Race/ethnicity reference group was white. Parent education reference group
was ‘high school degree or less’. Performance reference group was ‘About the same’. Smaller race/ethnicity
groups were suppressed because they lacked statistical power. We used two logistic regressions rather than
a multinomial model because for this variable we wanted to see if demographic variables predicted com-
pleting a project, regardless of whether it advanced

(Anderman et al., 1999; Conley et al., 2006; George, 2000).
Not advanced students showed stable attitudes over the
school year (which may actually be an encouraging result
if the overall trend is that they would decline). Finally,
advanced students showed substantial increases in all of the
attitudes (d=0.32 to 0.57). None of the attitudes differed
between groups at pre-survey.

We ran ANCOVA analyses looking at the effect of par-
ticipation in the S&E fair, controlling for pre-fair attitudes.
We also included classroom as a random-effects variable to
control for the clustering effects of students nested in class-
rooms. Differences were found in all attitudes between no
project, not advanced and advanced. For each of the three
dependent variables, after controlling for pre-fair differ-
ences, no project students had the lowest interest, efficacy
and values for science and engineering. Advanced students
always had the highest means, Table 10.

Impact on Students of Advancing to Regional Fair

We were able to compare the perceptions of students whose
projects did or did not advance to the regional fair (advanced
vs. not advanced). Prior to the fair, we found no signifi-
cant differences in the interest, efficacy or value of these
students, suggesting that they had similar attitudes towards
science and engineering. The results in Table 10 show that
the advanced students ended up with significantly higher
levels of interest, self-efficacy and utility values (d=0.47 to
0.72). When students were asked directly in individual sur-
vey items about their learning and changes in interest, stu-
dents whose projects advanced reported learning important

science content from their project (d=0.91 comparing
advanced vs. not advanced) and that their project made them
more interested in science or engineering (d=0.80).

The transformative experiences scale (Pugh et al., 2010)
was designed around three types of experiences: motivated
use (including looking for opportunities to learn more),
expanded perception (noticing connections of the topic to
everyday life) and experiential value (a sense that they have
learned something useful). Only students who completed a
project completed this survey.

For all students completing a project, the highest rat-
ings for transformative experiences were for motivated use
(M=3.41, SD=1.15; scale 1-5). The lowest average ratings
were for expanded perception M =2.91, SD=1.15). This
suggests that completed science fair projects led to experi-
ences that students liked to talk and learn more about their
topic. They also saw the experience as valuable to them
(M=3.03,SD=1.10). See Table 11.

Between these two groups of students, we also found
significant differences in all three types of transformative
experiences (d=0.49 to 0.67). Although we cannot be cer-
tain whether it was the experience of being successful in
their project or the topic itself (or being the kind of student
who completes a high-quality project), this is certainly an
encouraging finding for the value of science fairs.

Limitations
This data was collected as part of a program evaluation.

Every effort was made to collect data from all teacher and
student participants, but each level of data is limited to some
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Table 9 Logistic regression
results for students advancing to
the regional fair

Predicting whether project advanced to regional fair

B S.EE Wald df Sig Exp(B)

Sex 0.645 0.289 4.993 1 0.025 1.907
Race/ethnicity

African American —1.459 0.372 15.371 1 <0.001 0.233

Latinx 0.328 0.480 0.466 1 0.495 1.388
Parent or guardian education

Father college degree —0.119 0.315 0.143 1 0.705 0.888

Mother college degree 0.755 0.355 4.537 1 0.033 2.128
Current performance:

Better than most 0.355 0.293 1.471 1 0.225 1.426

Don’t know or worse —-0.126 0.507 0.062 1 0.803 0.881
Grade 0.053 0.074 0.507 1 0.477 1.054
Constant —2.645 0.739 12.813 1 <0.001 0.071

Sex reference group was male. Race/ethnicity reference group was white. Parent education reference group
was ‘high school degree or less’. Performance reference group was ‘About the same’. Smaller race/ethnicity
groups were suppressed because they lacked statistical power

degree in terms of full sampling. Fair-level data was limited
by whether students provided full demographic data when
registering. The school and student participation numbers
are complete.

Most teachers participating in the program also volun-
teered to participate in the research and, thus, provided
their survey responses, but the sample is limited to teachers
who self-selected to participate (or were strongly encour-
aged by their colleagues or administration). Student data
may also not be fully representative even of the schools
participating. Teachers varied in how much student data
they provided, with some providing participant and non-
participant (control) data as requested while others only
provided participant data (i.e. surveys only for students
who participated in the local fair). The practicality of pro-
gram evaluation also limits the depth of data we were able
to collect. Therefore, brief and unobtrusive data collection
methods were used.

A limitation for the student participation data is that the
program strongly encouraged teachers either to require a
project for all students or to strongly encourage girls and
minority students to participate. As a result, the proportion
of students from underrepresented groups is likely higher
in this sample than if the teachers had no encouragement
to seek diverse student participation. It is important that
organisations seeking to replicate this type of project also
emphasise the importance of encouraging girls and under-
represented groups to participate in optional STEM-related
activities.

Discussion
The NGSS (NRC, 2013) explain that students can only learn

about scientific inquiry and engineering design by enact-
ing those practices in authentic ways. S&E fairs have been

Table 10 Comparison of

) . 1—No project 2—Not 3—Advanced ANCOVA Cohen’s d for post
students’ science attltqdes (N=243) advanced (N=82) (cluster adjusted df)* scores
befor; and after the fair (Means, (N=464) -
SDs in parentheses) 1-2 2-3 13
Pre Post  Pre Post  Pre Post F Df Sig
Interest 292 2.85 284 290 3.00 321 544 2,102.6 0.006 0.08 047 0.56
(0.66) (0.63) (0.67) (0.68) (0.67) (0.65)
Efficacy 3.79 3.51 364 362 384 413 1008 2,1053 <.001 0.12 059 0.71
(0.85) (0.93) (0.91) (0.92) (0.97) (0.81)
Value 358 338 3.66 3.66 375 418 1955 2,12695 <.001 0.33 0.72 1.08
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(0.82) (0.87) (0.83) (0.83) (0.89) (0.59)

The scale for each measure was 1-5 (anchors: not at all true, somewhat true, very true)

“Each model controls for pre-fair scores on that dimension as well as a random effect for classroom to
account for clustering
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Table 11 Comp arisof‘ of Attitudes Not Advanced Advanced ANCOVA (cluster-adjusted df)
students’ transformative (N=T30)* (N=118)
experiences (all completed F df Sig Cohen’s d
projects)
I learned important things  3.18 4.22 22.75 1,475 <.001 0.91
about science or engi-
neering from my project
My project made me more 2.96 (1.38) 3.98 (1.17) 17.90 1,472 <.001 0.80
interested in science or
engineering
Motivated use 2.65 (1.12) 3.41 (1.15)39.82 1,594 <.001 0.67
Expanded perception 2.33 (1.05) 291 (1.15) 14.72 1,552 <.001 0.52
Experiential value 2.49 (1.09) 3.03 (1.10) 19.16 1,60.3 <.001 0.49

The scale for each measure was 1-5 (anchors: not at all true, somewhat true, very true)

4Sample size much larger because no data was lost to matching

demonstrated to be effective strategies to provide these authen-
tic experiences with science and engineering (Abernathy
& Vineyard, 2001; Koomen, et al., 2018; Miller et al.,
2018; Paul et al., 2016; Sahin, 2013; Schmidt & Kelter,
2017; Welsh et al., 2020). Our observation in the field was
that students from low-resource schools or from minoritised
backgrounds did not have the same opportunities to engage
in meaningful S&E fair experiences and to benefit from the
possibilities these fairs offer for success, recognition and
even scholarships. This is consistent with prior research that
suggests that both school participation in S&E fairs and stu-
dents’ project quality may be associated with socioeconomic
status (Grinnell et al., 2020; Kook et al., 2020; Korkmaz,
2012; McComas, 2011). With the STEM-IQ program, our
team sought to create a model of collaboration with teachers
in low-resource schools that could be scaled to other con-
texts to support teachers implementing S&E fairs in these
contexts to provide a quality S&E fair experience.

Our research questions focused on the changes in the
regional S&E fair system as well as changes to individual
students as a result of their teacher’s participation in STEM-
1Q. Thus, we assessed the positive impacts on students at the
classroom level while also ensuring the regional data sug-
gested that more diverse students were participating in (and
winning) the regional fair. Teachers’ attitudes towards the
program and towards S&E fairs were also studied as teacher
beliefs about the efficacy and acceptability of interventions
have been shown to influence their efforts to implement new
strategies effectively (Harn et al., 2013; Lakin & Shannon,
2015; O’Donnell, 2008).

Our first research question focused on the impact of
the program on regional fair participation. There is scant
research on the diversity of participants in S&E fair pro-
grams (cf., Korkmaz, 2012), and only recently initiated
programs tracking their population (Kook et al., 2020), so
we used baseline and follow-up data to explore the diver-
sity of the regional fair. The program overall was successful

in increasing the number and quality of projects that were
presented at the regional fair. The number and diversity of
students participating and receiving awards greatly increased
over the project period, which we feel can be attributed to
the project team’s efforts. Data collected since the end of
funding directly to teachers indicates that although partici-
pation peaked in 2018, higher levels of participation have
been maintained.

In their surveys, teachers reported beliefs that S&E
fairs can benefit all students, including those with limited
resources or who do not already show enthusiasm for sci-
ence. Teachers in our study seemed to have the positive
attitudes and perceptions of S&E fairs as well as of the
STEM-IQ program that are essential to high-quality imple-
mentation (Lakin & Shannon, 2015; O’Donnell, 2008). This
is consistent with previous work showing that teachers often
hold high opinions of the value of S&E Fairs (Grote, 1995).
The high proportions of underrepresented groups and girls
completing projects in most classrooms suggest that the pro-
gram was successful in increasing the diversity of students
participating at the local level, mirroring the participation
at the regional level. The increase in the number of students
from these groups who received awards at the regional fair
also supports our claim that both the number and quality of
projects from underrepresented groups increased.

In considering student participation in S&E fairs, we
hoped to find that, when projects were optional, students
from different gender or racial/ethnic background were
equally likely to complete a project. There are substantial
gender and race differences in science interest that are associated
with the gaps in participation in STEM careers (Catsambis,
1995; Krapp & Prenzel, 2011; Oon et al., 2020) and if
teachers did not make an effort to encourage a wide range
of students to participate, we expected to find that these gen-
der and race differences would be reflected in participation
rates. We found no differences, which suggests there was
equity in participating in the fairs.
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Unfortunately, significant differences in advancing to the
regional fair were found for gender, race and mother’s edu-
cation, suggesting a possible route for future research into
differences in the quality of projects that these students com-
plete and/or judging disparities at the school fairs. Previous
research and opinion surveys suggest that parental resources
and access to science labs may give some students an unfair
advantage in the competitions (Craven & Hogan, 2008;
Grinnell et al., 2018; Grote, 1995; Kook et al., 2020; Syer
& Shore, 2001). In our conversations with teachers, even
with the support of the STEM-IQ program, they still strug-
gled to mentor students to complete high-quality projects,
and students did not always have access to the resources
needed to carry out their desired investigations. The impact
of mother’s education (which often correlates to SES) may
indicate that access to resources and parental support of pro-
jects is perpetuating inequities through the quality of pro-
jects completed, even when all students are actively engaged
in projects. Indeed, recent work is exploring how the level
of support and guidance from the school can mitigate the
unfair advantage that more resourced students may have
(Kook et al., 2020).

It should be noted that local fairs often struggled to
recruit judges, and training was minimal. Therefore, the
influence of untrained judges is unknown. Our informal
observations suggested that the design and attractiveness of
displays was an important factor in scoring at the local fairs
and that flashy demonstration projects (as opposed to true
scientific inquiry or engineering design) often won locally.
Parent support would directly impact the materials available
for making the display, and parents may even help design the
display, leading to more attractive projects (McBride &
Silverman, 1988; Syer & Shore, 2001). Recruiting knowledge-
able judges or brief training for judges on how to identify
a high-quality project could mitigate this effect (Rillero &
Zambo, 2011).

Our initial research questions focused on the system
impacts of STEM-IQ as a PD program for teachers. How-
ever, we also wanted to explore if the projects had posi-
tive impacts on students that would both build teachers’
positive attitudes towards fairs and achieve the intended
effect on students. Much of the extant literature on science
fairs studies only participants in the fairs (e.g. Abernathy
& Vineyard, 2001; Grinnell et al., 2020; Korkmaz, 2012;
Sahin, 2013). One of the only studies to have a true control
group failed to find any effects of fair participation on stu-
dent knowledge of the scientific method and mixed results
for attitudes (Yasar & Baker, 2003).

We were able to collect a comparison group and to con-
trol for pre-fair differences in science and engineering atti-
tudes in order to better assess the impact of S&E fair partici-
pation on students independent of their initial predisposition
towards science and engineering. Completing an S&E fair
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project is only valuable when it has a lasting impact on stu-
dents’ attitudes towards science and engineering or on their
learning. Although we were not able to directly measure
impacts on achievement, students’ perceptions of learning
were assessed.

These quasi-experimental methods allowed us to explore
the impact of completing S&E fairs on student gains on
attitudes underlying expectancy-value theory (Wigfield &
Eccles, 2000): science and engineering self-efficacy, interest
and utility-value perceptions. Controlling for pre-existing
differences in these attitudes, we found that students not
completing projects actually showed declines in their sci-
ence attitudes during the year. Students who completed
projects maintained similar attitudes, while those whose
projects advanced had substantial gains on all three vari-
ables. Based on the underlying theory and past research, we
would expect these changes to support greater motivation for
learning within the domain (Meyer et al., 2019). It could also
support their interest in a STEM career and motivate them to
pursue relevant opportunities (Guo et al., 2017).

While the observation of enhanced attitudes suggests dura-
ble impacts on student motivation, it is unknown whether this
gain can be attributed to the experience of engaging with a
quality project, from being the kind of student who completes
a quality project, or some other factor. This research extends
the evidence using pre- and post-tests with a control group to
show S&E fairs appear to increase positive attitudes towards
science and engineering even during an age where students
tend to have declining interest in STEM fields (Anderman
et al., 1999; Conley & Karabenick, 2006; George, 2000).

We also explored whether students reported that their
projects provided a transformative experience that includes
deeper engagement with science and perceiving connections
to the student’s academic and everyday life. The concept
of transformative experiences (Pugh et al., 2010) is a rela-
tively recent addition to the field and captures the degree to
which a specific learning experience rises above the typi-
cal learning experience to spark an enduring interest in a
subject. Anecdotes of success in S&E fair often sound like
transformative experiences (e.g., Welsh et al., 2020), and we
wanted to assess the degree to which participants reported
transformative experiences based on their S&E fair projects.

The strongest area of transformation students reported
overall was in motivated use, which reflects students con-
necting their project to learning in the classroom or to their
extracurricular interests. Comparing students who presented
projects only for the school fair to those who advanced, we
found that advancing students had all types of transformative
experiences, meaning they were engaged in thinking about
their project, found connections in their everyday life and
found their topic valuable. This suggests that fair projects do
provide transformative experiences that can lead to enduring
interest in a subject.
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Conclusion

The theory of action for this program was that encouraging all
students to complete S&E fair projects and supporting the qual-
ity of projects would lead to an expansion of the number and
diversity of students who are engaged and excited about science
and engineering. Indeed, our findings suggest that students who
complete projects and advance to the regional fair had the most
positive outcomes in terms of attitude and transformative experi-
ences. The overall strong representation of girls, African-Amer-
ican, and Latinx students suggests that, overall, the program had
its intended effects in increasing the positive impact that S&E
fairs have on all students in our region. The evidence considered
as a whole supports the use of PD programs for teachers to intro-
duce school-level S&E fairs in order to positively impact stu-
dents’ attitudes towards science and engineering and to increase
participation in a program that has transformative effects on its
participants. This could ultimately broaden participation in sci-
ence and engineering fields as S&E fairs are cited as a source of
initial engagement for some of those who enter STEM careers
(Welsh et al., 2020; Yoho, 2015).

An interesting path for future research is to better under-
stand why students whose projects advanced to the regional
fair had better outcomes than those who only presented in
the school fair. Did they land on a topic that sparked interest?
Did they have the support of family or teachers to complete
better projects or who suggested ways to deepen their knowl-
edge? To some extent, our methods allow us to rule out dif-
ferences in motivation or interest as causes of completing
better-quality projects (and thus advancing to regional).
Future research could explore the obstacles that students
encounter in selecting projects that align with their interests
and lead to successful projects (by fair standards). Such pro-
jects seem most likely to create transformative experiences
and spark sustained interest in science and engineering for
more students.
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