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ABSTRACT: Science education programs are often designed and evaluated based on how they influence student attitu-
dinal variables such as interest, motivation, aspirations, or self-efficacy that may mediate long-term attainment of degrees or 
careers in scientific fields. This study disaggregates student reports of how a science education program affected their interest 
in science and science careers in order to examine how gender and pre-existing attitudes toward science were related to their 
responses to program activities. No average program effect was found across all students, but there was clear heterogeneity 
of treatment effect based on gender, developmental interest trajectories related to science, and prior foreclosure of science 
and science career interest. Themes in student comments about program effects on their interest in science were related to 
reports of positive, negative, or no program impact, with different subgroups of students reporting different reasons for in-
creases, decreases, or lack of change in their interest in science and science careers. These findings are discussed in relation 
to career counseling research and recent psychological and neuroscience research and theory focused on refining the defini-
tion and measurement of interest, understanding developmental processes involved in interest, and clarifying the relationship 
of interest to motivation, persistence, and achievement.  

INTRODUCTION
Student Attitudes and Achievement in Practice and 
in Research. Many approaches to promoting secondary 
school student science achievement have focused on the 
development of precursors that support the attainment of 
improved performance in science, technology, engineering, 
and mathematics (STEM) courses, degrees, jobs and careers. 
Student attitudinal variables such as STEM-specific interest, 
motivation to achieve, persistence, aspirations, and self-
efficacy, or self-concept formulations such as scientific 
identity or scientific possible selves may help explain why 
some middle and high school students enroll in STEM 
courses in college, earn STEM degrees, or pursue STEM-
related jobs or careers (e.g. Bandura, 1977, 1997; Bandura 
et al., 2001; Britner & Pajares, 2006; Kubsch et al., 2022; 

Pajares, 2005; Renninger & Hidi, 2019; Renninger et 
al., 2015a, 2015b; Schunk & Pajares, 2002; Watt, 2006; 
Zimmerman, 2000). The dynamics and functional roles 
of these psychological characteristics may differ based 
on gender (Häussler & Hoffmann, 2002; Renninger et al., 
2015a); development of confidence and self-efficacy may 
be especially important for girls who contemplate entering 
STEM courses or careers, while boys may be more likely to 
have their pre-existing confidence, interest, and self-efficacy 
shaken by the challenge of advanced STEM coursework 
(Ashlock et al., 2022; Bench et al., 2015; Sakellariou & Fang, 
2021). Both overconfidence and low confidence can have 
negative effects on educational aspiration and motivation 
(Pintrich, 2003; Vancouver & Kendal, 2006). Students may 
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also respond differently to educational interventions aimed 
at leveraging self-efficacy or related constructs depending on 
their gender (Alhadabi, 2021; Heaverlo et al., 2013; Vincent-
Ruz & Schunn, 2017, 2018; Zeldin & Pajares, 2000). 

The bidirectional influences among self-efficacy, inter-
est, goal-setting, knowledge and achievement can improve 
learning or alternatively can exacerbate learning difficulties 
(Linnenbrink-Garcia et al., 2011). Interest and self-efficacy 
can be mutually reinforcing, but low self-efficacy can lead to 
low interest and low goal-setting, overconfidence can lead 
to low study effort, failure to achieve an expected goal can 
lower self-efficacy and interest, etc. These dynamics argue 
for scaffolding learning and mastery experiences to create 
optimal educational trajectories for students that help them 
set and meet appropriately challenging goals, building their 
confidence, self-efficacy, and interest (Bandura, 1991; Ban-
dura & Locke, 2003; Kubsch et al., 2022; Pintrich, 2003; 
Renninger & Hidi, 2016; Renninger & Su, 2019; Zimmer-
man, 2000). 

The cultivation of positive attitudes and self-concepts re-
lated to STEM disciplines has become a key target outcome 
for science education programs. These factors are hypothe-
sized to serve as causal mediators that drive science achieve-
ment; they also are proximal in time to middle school and 
high school educational interventions. Program designers 
are presented with a challenge: how to promote student en-
gagement, interest, aspirations, and positive attitudes toward 
science when different progressions of experiences and sup-
ports are required for different students at different points 
along their developmental trajectories (Renninger & Hidi, 
2016). For researchers, tracking long-term outcomes for 
large numbers of students can be expensive and technically 
difficult as they move from grade to grade and on to adult 
life. Measurement of attitudinal change soon after an educa-
tional experience or intervention is more feasible and can be 
well aligned with programs designed to influence attitudes. 
As a result, changes in student self-efficacy, interest, or sim-
ilar constructs often serve as proxy measures of success for 
efforts to spur long-term growth in academic and career de-
velopment by influencing student attitudes. 

Attitudes and Achievement in a Specific Science 
Education Program. Program evaluation research conducted 
for the University of Montana’s Research Education on Air 
and Cardiovascular Health (REACH) program has used 
the paradigm outlined above. Successive iterations of the 
student-centered, inquiry-based program have sought to 
generate long-term student success in health science by 
improving student attitudes toward science learning, higher 
education, and jobs and careers. The program provides 
curriculum on air quality and health, low-cost air sampling 
equipment, and teacher support to facilitate student 
engagement in research practices focused on air pollutants 

and effects on human health. Over an academic year, high 
school and middle school students design and conduct 
research on local air quality and present their findings in local 
or regional settings, including a university-based research 
symposium. Beginning in the fall with curriculum modules 
on air quality measurement, impacts on human health, and 
fundamentals of research design and analysis, students work 
in small groups to design and conduct their own unique 
research projects to investigate factors that affect air quality 
in their homes, schools, or other local sites, capitalizing on 
student interest in place-based issues and careers that affect 
them, their family, and their community. Near the end of 
the year, they practice science communication by making 
presentations detailing their research motivation, hypotheses, 
design, analysis, and findings. Feedback from teachers and 
students has informed refinement of the program, which 
has grown in popularity among schools and teachers and 
generated enthusiastic testimonials and discussions, along 
with preliminary evidence of efficacy for student learning 
and effects on student attitudes (for more details on the  
program curriculum and previous findings see Coe et al., 
2023; Delaloye et al., 2016; Delaloye et al., 2018; Kiley et 
al., 2022; Taylor et al., 2021; Ward et al., 2016). 

Recent attempts to conduct quasi-experimental research 
for more robust estimation of program effects have been dis-
appointing. The COVID-19 pandemic introduced unexpect-
ed challenges, including reduced sample sizes, unexpected 
programmatic changes from year to year, and increased 
variability in program implementation. Statistical estimates 
of average effects across large numbers of students have 
been difficult to implement in our geographically dispersed, 
low-population rural and small-town settings, and have not 
produced strong evidence of program effectiveness. Despite 
persistent teacher and school enthusiasm for the program 
and growing annual participation by schools that deem par-
ticipation to be worthwhile for their students, a rigorously 
defined measurable impact on the average student has been 
elusive. 

These results prompted us to reconsider the context with-
in which high school science education practices are imple-
mented and experienced and to ask some reframed evaluation 
questions. In this report, we briefly summarize quasi-experi-
mental findings from student data collected during the 2021-
2022 school year. Then we present a disaggregated qualita-
tive analysis to illuminate why student subgroups reported 
contradictory program effects that were masked when aggre-
gated into a single average treatment effect estimate for all 
students. Our analysis was based on questions about whether 
this program and others like it might be better understood by 
examining their potential effects on different types of stu-
dents, in addition to the average effect on all students, and 
whether literature on student development might inform a 
more useful approach to program evaluation.
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What Counts as an Effect on Student Interest? Two fun-
damental insights about the quasi-experimental findings 
informed the qualitative analysis we report here. First, a 
finding of no average effect across a large group of students 
does not necessarily mean there was no effect on particular 
subgroups. A program may have a positive effect on only 
certain students, or it may have a positive effect on some 
students and a negative effect on other students. Subgroup 
analysis based on demographic indicators may be fruitful 
in identifying different responses to an educational program 
(Schudde, 2018). However, groups based on demographic 
identity indicators may not be the only or best way to under-
stand heterogenous treatment effects. There is a burgeoning 
literature on conceptualizing and analyzing heterogenous 
treatment effects in educational research, medicine, social 
science, political science, and other fields (e.g. Cintron et 
al., 2022; Schochet et al, 2014; Xie, 2013).

The second principle we applied was the idea that sec-
ondary school experiences are not just about learning ac-
ademic content; these are crucial developmental years for 
student learning about themselves. Middle school, high 
school, and the years immediately after high school (college 
years for some) offer a buffet of life experiences for students 
to sample. This brings broadened opportunities to discov-
er what they like and don’t like; what they are good at and 
what they are not so good at; what they want to do more of 
and what they want to do less of. Their courses and extracur-
ricular activities broaden their understanding of options for 
pursuit of their hopes and dreams and for jobs and careers 
by offering samples of what life can be and what choices 
they can make. These are years in which students make great 
strides in discovering who they are. Experiences in a science 
education program may confirm their pre-existing orienta-
tion toward science or may alter their existing orientation 
in various ways—furthering their process of self-discovery, 
self-awareness, self-realization, and self-actualization.

Refinement of students’ awareness of their own aptitudes 
and interests can lead to improved educational outcomes; 
students who identify their career interests early may ben-
efit from focusing and sequencing their course-taking and 
related preparation. According to recent data from the U.S. 
Department of Education, about a third of college students 
change their major within three years of enrollment and 
almost 10% change their major two or more times during 
their first three years of college (Leu, 2017). A recent poll 
of 817 U.S. college graduates found that while more than 
82% consider college to be a good financial investment, 61% 
would change their majors if they could (Johnson, 2023). 
Of these, 26% would change their major in order to “pursue 
my passion” and 25% would change their major for “bet-
ter/more job opportunities.” Other reasons cited were for 
better compensation or benefits (14%), to learn in-demand 
skills (14%), or because “I am personally dissatisfied with 

or stressed/burned out in my current career.” Johnson (2023) 
suggests that schools should “help students align their ma-
jors with their ideal career paths” and discusses the potential 
increase in cost for students who switch majors in terms of 
both time and tuition (Marcus, 2018). However, some stud-
ies have found that switching majors does not reduce college 
graduation rates or overall length of time in school if the 
change is made during the first four years of college; these 
metrics only decline if a change in major occurs outside the 
normal four-year college period, in the fifth year or beyond 
(Venit, 2016). 

Career counseling in high school and later years attempts 
to help students better understand their aptitudes and interest 
in order to help them focus on pursuits and careers that will 
be well suited to them. In this arena and in the broader lit-
erature on adolescent development, there is a line of theory 
and research on “career foreclosure” which is often framed 
as a problem: students may fixate on specific career choices 
(or other aspects of identity) early, and thereafter fail to con-
sider other possibilities that might be a better fit (Shaffer & 
Zalewski, 2011, p.62):

Foreclosure students have prematurely committed 
themselves to academic majors and future careers, 
but present themselves to academic advisors as very 
decided. From a developmental theory perspective, 
foreclosures represent an immature identity status 
and include students whose failure to explore their 
personal and vocational identities and achieve a 
mature identity threatens their academic success.

Writing about adolescent identity development in general, 
Marcia (1966; 1993; Marcia & Adelson, 1980) proposes that 
foreclosure status is when a commitment is made without 
exploring alternatives. His four categories of late adolescent 
“identity statuses,” including foreclosure along with identity 
diffusion, moratorium, and identity achievement, have been 
well supported in subsequent research (e.g. Meeus, 2011; 
Meeus et al., 2012). Meeus and Crocetti (Crocetti et al., 
2008; Meeus et al., 2010) extend this model by elucidating 
the importance for adolescent identity formation of “identity 
status trajectories” measured along three dimensions: 

Commitment refers to strong choices that adolescents 
have made with regard to various developmental 
domains, along with the self-confidence that they 
derive from these choices. In-depth exploration 
represents the ways in which adolescents maintain 
their present commitments. It refers to the extent to 
which adolescents actively explore the commitments 
that they already have made by reflecting on their 
choices, searching for information about these 
commitments, and talking with others about them.  
Reconsideration of commitment refers to the 
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willingness to discard one’s commitments and to 
search for new commitments. Reconsideration refers 
to the comparison of present commitments with 
possible alternative commitments when the present 
ones are no longer satisfactory. The Meeus-Crocetti 
model assumes that identity is formed in a process of 
continuous interplay between commitment, in-depth 
exploration, and reconsideration.” (Meeus et al., 
2012, p.1009).

These concerns about the potential dangers of early ca-
reer foreclosure and the importance of in-depth exploration 
and reconsideration of commitment differ from the perspec-
tives of others who emphasize the potential benefit of early 
commitment, focused dedication, and the accumulation of 
skill-building practice through limitations on distraction. 
This perspective was popularized by Malcolm Gladwell’s 
argument for the importance of 10,000 hours of practice 
for achieving success in sports, computer science, business, 
music, physics, engineering, and mathematics (Gladwell, 
2008). The so-called “10,000-Hour Rule” was inspired in 
part by the work of Ericsson on the acquisition of expert-lev-
el skills (Ericsson et al., 1993, 2007) but has been disputed 
by others who claim that accumulation of practice accounts 
for less than 30% of variation in expert skills across various 
domains of expertise (e.g., MacNamara et al., 2014). A sim-
ilar perspective, widely popularized as the “5/25 Rule” for 
personal success and attributed (possibly apocryphally) to 
investor Warren Buffet, recommends making of list of one’s 
top 25 goals, then “avoiding at all cost” the bottom 20 in fa-
vor of focusing on the top five goals until they are achieved.

Understanding links between the development of identity 
and sense of self, student educational and career choices, the 
development of expertise in specific fields, career success, 
and a sense of meaningfulness in work (Martela & Pessi, 
2018) is a matter of intense interest to those who aim to as-
sist adolescents in their pursuit of education and a fulfilling 
life. Educational interventions should perhaps be evaluated, 
in part, for how they assist students in unraveling the puzzle 
of their own aptitudes and “possible selves” (Delaloye et al., 
2018; Markus & Nurius, 1986; Packard & Nguyen, 2003), in 
addition to more traditional research examining group-based 
linear growth in average student interest or achievement in a 
particular domain.

Recent developments in interest theory bring together 
these themes and help delineate what we mean by “interest.” 
By understanding the neurological foundations of interest 
and attending to how interest can be understood, supported 
and shaped as it develops over time, rather than being con-
ceptualized as a fleeting, momentary feeling or an unchang-
ing, dispositional personality characteristic (Hidi & Ren-
ninger, 2006; Renninger & Hidi, 2016, 2021), programs can 
better serve specific student learning needs. Students in dif-

ferent phases of interest in a topic respond differently to edu-
cational interventions that are designed to trigger or enhance 
their interest, efficacy, aspirations and learning. Experiences 
that trigger early phases of interest may not work well to 
maintain or expand the already well-developed interest of 
some students. Conversely, activities that maintain or ex-
pand the more well-developed interest of other students may 
not be effective in sparking initial interest among those who 
have yet to become interested. Educators and researchers 
who are “flying blind” without attending to these develop-
mental trajectories are unlikely to optimize program design 
or evaluation research for programs that focus on interest, 
efficacy and related constructs as key targets and measured 
outcomes.

Armed with these perspectives, we attempted to identi-
fy and understand subgroups of students that demonstrated 
different patterns of response to the REACH curriculum—
groups that may be replicable in other secondary school 
student populations and that may be useful to consider in 
science education program design and evaluation. 

METHODS
Study Overview. With funding provided by the National 
Institutes of Health (NIH) Science Education Partnership 
Award (SEPA) program, REACH provides professional de-
velopment, curricula, and equipment to high school class-
rooms located in rural areas of Montana, Idaho and Alaska. 
Teachers implement the program in their science classes, 
enabling students to design their own research projects, col-
lect data, analyze results, and present their findings related to 
indoor air pollution and potential resultant impacts to human 
health. The REACH program began in 2003, and engages 
over 1,000 students in nearly 50 classrooms each year.

Evaluation research for the program used a mixed-meth-
ods design focused primarily on survey data. Data collec-
tion methods were reviewed by the University of Montana 
Institutional Review Board which designated the research 
as exempt from further review and waived documentation 
of informed consent (IRB #155-18). The surveys included 
fixed-response and open-ended questions related to student 
interest in science learning and careers, feedback on program 
components and their perceived impact, and recommenda-
tions for improvement. Comparison group student survey 
data was collected from available comparison classrooms to 
provide context. Data were analyzed separately by school 
year because COVID-19 disruptions and related school ac-
commodations had a strong potential for affecting outcomes.

The data reported here come from survey responses col-
lected from students during the 2021-2022 school year, when 
COVID-19-related school closures and emergency remote 
learning accommodations had subsided amid a return to rou-
tine classroom practices. The focus of these survey questions 



Realization of Self Through Science – Coe, et al. Vol. 9, Issue 1, August 2026

Journal of STEM Outreach 5

comparison classrooms) and individual student pre-survey 
scale scores on the same set of questions. Potential gender 
and age effects were also tested as model covariates.

For the narrative responses to open-ended questions, 
thematic analysis (Braun & Clarke, 2006, 2019) was first 
used by a panel of three judges to identify common themes 
in the student comments and response patterns. Each judge 
reviewed the individual student responses a total of three 
times. First, each reviewer independently identified poten-
tial themes in the student comments in the context of their 
responses to baseline and follow-up fixed-response science 
interest items. The panel then met and agreed upon a shared 
framework for defining and coding common themes. During 
a second independent reading, each reviewer applied this 
shared coding framework to each of the student responses. 
Finally, reviewers met to resolve any discrepancies in how 
they had defined and applied the common themes and to 
reach consensus on final coding of specific student respons-
es. A single student’s responses could be assigned more than 
one thematic code to describe their science interest profile. 
Subgroups of students were then analyzed to determine how 
likely each group was to report each of the themes in their 
responses to questions about science interest, science degree 
and career aspirations, and how their program experiences 
had affected their interest and aspirations.

RESULTS
Sample. The sample for this study included 413 students 
in the 2021-2022 school year who responded to both pre- 
and post-surveys, yielding individually matched pre- and 
post-survey responses. The 254 treatment group participants 
were located in 14 high schools, with an average of 18 stu-
dent responses per school. Their survey responses regarding 
program impact were further examined for potential interest 
trajectory subgroups. Of these students, 26.8% were in grade 
9, 27.6% in grade 10, 37.8% in grade 11, and 7.9% in grade 
12. More than half (51.6%) reported their gender as female, 
while 42.1% identified as male and 6.3% marked “prefer not 
to answer.” The 159 comparison group students were locat-
ed in three high schools with an average of 53 student re-
sponses per school. Students were in grade 9 (29.6%), grade 
10 (36.2%), grade 11 (26.9%) and grade 12 (7.3%). They 
reported their gender as female (50.4%), male (44.1%), or 
“prefer not to answer” (5.6%). 

Observed Differences Between Treatment and 
Comparison Groups. The treatment and comparison groups 
were not randomly assigned or chosen through a process 
designed to ensure matched characteristics and therefore 
were not equivalent at baseline. The comparison group was 
significantly younger on average at the beginning of the 
year (mean age 15.0 years old, SD = .91 vs. 15.5 years old, 

was student interest in further science learning, their aspira-
tions for science degrees, jobs or careers, and their experi-
ences in the REACH program. Questions on science inter-
est and aspirations were included on surveys for treatment 
and comparison students; questions about the program were 
only asked of program participants. Available logistics and 
institutional considerations precluded random assignment 
or close matching of comparison group classrooms with the 
participating program (treatment) classrooms. Instead, the 
comparison group included a convenience sample based on 
nearby schools and teachers willing to assign students in 
similar science or math classes to participate in the surveys. 

Student Surveys. Students were asked to complete on-
line pre-surveys near the beginning of the school year and 
again near the end of the school year. Individual pre- and 
post-survey responses were matched for those students who 
responded at both times. The surveys were developed to 
align with NIH-SEPA programmatic goals and with the sci-
ence curriculum focus of the REACH program in particular; 
some questions were adapted from published surveys such 
as the STEM-CIS (Kier et al., 2014) and the STEM Career 
Interest Questionnaire (Tyler-Wood et al., 2010). In addition 
to general sets of fixed-response and open-ended questions 
about interest in science learning, science degrees, and sci-
ence jobs and careers, the surveys asked specifically about 
interest in health science learning, health science degrees, 
and health science careers. The fixed-response survey mod-
ules included sets of questions that could be examined indi-
vidually or combined into scale scores for analysis. Post-sur-
veys included direct questions about the perceived influence 
of the program on students’ science interest and aspirations. 
Specific wording of survey questions was updated over the 
years of the project; examples of the wording used in this 
study (or more current versions) are available from the cor-
responding author.

Data Analysis. Scale scores developed from sets of fixed-re-
sponse questions were analyzed using standard descriptive 
statistics to summarize the distribution of responses along 
with ordinary least squares and multilevel regression mod-
eling to estimate observed differences between the treatment 
and comparison groups. Narrative responses to open-ended 
questions were analyzed using a structured process for iden-
tifying and quantifying themes in the responses and then de-
termining the distribution of those response themes across 
subgroups of students. 

Some fixed-response questions were used to define stu-
dent categories for subgroup analysis. Scale scores for sets of 
fixed-response questions on student interests and aspirations 
were developed by calculating a mean response score across 
each set of questions. Group differences in post-survey scale 
scores were modeled using classroom group (treatment vs. 
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SD = 1.04 for the treatment group) and began the year with 
significantly lower interest in science, as well as marginally 
lower interest in science education and science careers. 
Comparison group students were more likely to be enrolled in 
lower grade required courses than treatment group students, 
who were more likely to be enrolled in higher grade elective 
courses. Strong causal inferences could not be drawn from 
comparisons of the two groups and were not emphasized 
in subsequent analyses or in this report. However, analyses 
were conducted to explore descriptive findings and to 
contextualize exploration of student comments among 
subgroups within the program participants.

Ordinary least squares and multilevel statistical models 
were estimated to determine if treatment group membership 
or baseline variables predicted outcomes of interest, includ-
ing interest in science learning, interest in science education 
(degree attainment), and science jobs or careers. In each case, 
baseline levels of interest predicted end-of-year interest, but 
group membership, gender, and age were not significant pre-
dictors of outcomes after accounting for baseline interest. 
In general, the consistent finding across these analyses (not 
reported in detail here) was that the comparison group began 
and ended the year with lower interest in science learning, 
science education, and science careers compared to the treat-
ment group, and that there was no detectable average effect 
of program participation. When each group was analyzed 
separately, the predominant finding was that initial interest 
levels strongly predicted students’ end-of-year interest lev-
els, but there was no average gain in interest over the course 
of the year.

However, these null findings were not the end of the an-
alytic road, since a lack of an average effect can mask sub-
group effects and exploratory findings of interest. The next 
phase of analysis explored individual science interest trajec-
tories and student reports about how their program experi-
ences influenced, or did not influence, development of their 
science interests.

Subgroup Analysis Based on Reported Interest 
Trajectories.  In order to investigate possible heterogenous 
treatment effects, students in the treatment group were 
classified into groups based on their post-survey responses 
to questions about how the program affected their interest 
in science and science jobs or careers. On a five-point fixed 
response scale, those who reported that the program made 
them “a lot more interested” or “a little more interested” in 
science were classified into a group that reported that the 
program made them more interested in science. Those who 
reported that the program made them “much less interested” 
or “a little less interested” in science were classified into 
a group that reported that the program made them less 
interested in science. Students who reported that the program 
“didn’t really change my level of interest in science” made 
up the remaining group. A total of 186 students answered 
this fixed-response question and also identified as male or 
female (students who preferred not to answer the gender 
question were too few to analyze as a separate group). See 
Table 1 for the proportion of respondents in each resulting 
interest-trajectory subgroup, along with other subgroup 
characteristics.		

To check the validity of the classifications, differences 
between pre- and post-survey ratings of science interest 
were compared across the three groups that had been created 
based on self-reported program impact. Table 1 includes the 
mean scores of each group on a baseline science interest 
scale administered at the beginning of the school year along 
with group mean scores on a retrospective pretest version 
of the baseline scale and a follow-up science interest scale, 
both administered at the end of the year. Students who 
reported positive program impact (the program made them 
more interested in science) also separately reported greater 
average interest in science at the end of the year than they 
had reported at baseline or on the retrospective pretest. 
Students who reported that the program didn’t affect their 
interest in science (no program impact) and those who said 

Student Subgroup

Less Interested No Change More Interested

Percent of Total Sample (N = 186) 11.3 % 51.1 % 37.6 %

Percent of Girls (n = 103) 5.8 % 52.4 % 41.7 %

Percent of Boys (n = 83) 18.1 % 49.4 % 32.5 %

Baseline Science Interest Scale Score 
Mean (SD)

1.87
(.74)

2.62
(1.13)

2.80
(.91)

Retrospective Pretest Science Interest Scale Score
Mean (SD)

1.84
(.79)

2.57
(1.14)

2.68
(.92)

Follow-up Science Interest Scale Score
Mean (SD)

1.89
(.90)

2.59
(1.23)

3.13
(1.06)

Science Interest Scale Score
Mean Difference Baseline to Follow-up (SE)

.02
(.22)

-.03
(.09)

.33**

(.11)

Science Interest Scale Score
Mean Difference Retrospective Pretest to Follow-up (SE)

.05
(.17)

.02
(.06)

.45***

(.10)

Table 1. Student Subgroups Based on Self-Reported Program Impact on Science Interest.

Note. **p <.01, ***p <.001.
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the program made them less interested in science (negative 
program impact) showed no change on average in science 
interest at the end the year.

More than half of all students (51.1%) reported that the 
program had no effect on their interest in science topics; 
37.6% reported that the program made them more interested 
in science topics, and 11.3% reported that the program made 
them less interested. Girls were significantly more likely 
than boys to report that REACH made them more interest-
ed in science topics; conversely, boys were more likely than 
girls to report that the program made them less interested 
in science (see proportions in lines two and three of Table 
1; χ2 (2, N=186) = 7.23, p < .05). This difference was not 
explained by age differences; boys and girls did not differ 
significantly in average age, with girls averaging age 15.50 
and boys averaging age 15.46 at the end of the year.

In order to better understand these subgroups and their 
response to treatment, we studied their comments about 
why or how the program made them more or less interested 

in science or did not affect their interest. Responses to two 
prompts were considered: “Please comment on how the pro-
gram affected your interest in science” and “Please comment 
on how the program affected your interest in having a job or 
career in science.” Thematic analysis of these comments in 
the context of responses to baseline and follow-up fixed-re-
sponse science and science career interest questions yielded 
10 themes found to be common across multiple student re-
sponses. These are presented in Table 2 along with example 
student comments and the proportion of students whose re-
sponses were coded into each theme.			 

Of the 131 students who provided comments that were 
classified into at least one theme, 40% (n = 53) were male 
and 60% (n = 78) were female. The number of students 
whose comments were classified into a specific theme varied 
from 4 to 30 individuals. Within each theme classification, 
sample sizes limited statistical power (sensitivity) for detect-
ing gender differences; for each theme considered separate-
ly, differences in the proportions of boys and girls who made 

Theme
(number of students)

Example comments

Percent of 
Decreased 

Interest 
Group

Percent of 
Unchanged 

Interest 
Group

Percent of 
Increased 
Interest 
Group

1
Too much work, too difficult, not 
fun (6)

It makes me want to not go into a science career because it is too much 
work. Collecting data and creating graphs isn’t fun.

41.7 1.6 -

2
Low initial interest was not changed 
by program (30)

I just don’t like science. Still don’t really want to be into science. 16.7 44.4 -

3
Not interested in air quality, 
interested in other aspects of science 
(18)

It didn’t affect it much since I am interested in different types of science. 
It didn’t affect my interest, I thought it was cool but am interested in 
other fields of science.

16.7 19.0 7.1

4
Interested in science topics but not a 
science degree or career (16)

I’ve always viewed science as important and interesting but I’ve not ever 
had an interest in pursuing a career in science and the program has not 
changed that.

- 12.7 14.3

5
High initial interest was not changed 
by program (18)

I am still interested in science, especially biomedical science. Doing the 
REACH project didn’t really add or take away from my interest.

- 28.6 -

6
Learning about research methods 
and doing research was interesting 
(15)

Learning about how to correctly collect data and perform experiments 
was very interesting to me. REACH has helped me affirm my interests 
in science and I hope to pursue a degree in science one day, specifically 
biology and medicine.

- - 26.8

7
Learning about air quality science 
content was interesting (22)

I thought it was very interesting how many different variables there are 
that can affect the air quality and also what we can do to prevent the air 
quality from getting worse.

- - 39.3

8
Science and research were more fun 
and interesting than I realized (24)

It was fascinating to me to be able to pick what I wanted and research 
it. To see and analyze that data and make sense of something I was 
interested in sparked my interest and want to do it more.

- - 42.9

9
Seeing what scientists do made me 
excited to help people in a career 
that is relevant (22)

It was interesting to see how careers in science can affect other people. 
I really liked it, and it made me more interested in our environment and 
the effects it has on different communities.

- - 39.3

10
Presenting projects, getting feedback 
on my work was interesting (4)

It put into perspective how science research is usually presented and 
judged, allowing me to better understand what to prepare for in my 
future as a scientist. It let me get higher level feedback too which I think 
was cool to see people in that higher level judge our work.

- - 7.1

Table 2. Themes in Student Comments About Program Effects on Their Interest in Science.

Note. N = 131 students whose comments were classified into at least one theme. Some students returned multiple comments that were classified into more than one theme. Percentages indicate the 
proportion of students whose comments were coded into each theme. Comments from three students in the Decreased Interest group were not classifiable into any of these themes. The Decreased 
Interest group included 12 students, the Unchanged Interest group included 63 students, and the Increased Interest group included 56 students.
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comments that were classified into each theme were not 
statistically significant (Table 3). However, the overall pat-
tern of theme classification by gender may provide insight 
into the finding (above) that girls were significantly more 
likely than boys to report that the program made them more 
interested in science topics. Themes 6 – 10 denote specific 
program components that students found interesting. Each 
of these five themes was reported by a higher percentage of 
girls than boys, a pattern that is statistically significant (p < 
.05), with a binomial probability of 0.03, akin to the likeli-
hood of flipping a coin five times and obtaining 5 heads.    

Theme 6, “learning about research methods and do-
ing research was interesting,” was indicated by comments 
from 11.4% of students (11.3% of boys and 11.5% of girls); 
among those students whose comments were classified into 
this theme, 60% were girls. Theme 7, “learning about air 
quality science content was interesting,” was indicated by 
comments from 16.8% of students (11.3% of boys and 20.5% 
of girls); among those students whose comments were clas-
sified into this theme, 73% were girls. Theme 8, “science 
and research are more fun and interesting than I realized,” 
was indicated by comments from 18.3% of students (13.2% 
of boys and 21.8% of girls); among those students whose 
comments were classified into this theme, 71% were girls. 
Theme 9, “seeing what scientists do made me excited to help 
people in a career that is relevant,” was indicated by com-
ments from 16.8% of students (15.1% of boys and 17.9% of 
girls); among those students whose comments were classi-
fied into this theme, 64% were girls. Theme 10, “presenting 
projects and getting feedback on my work was interesting,” 
was indicated by comments from 3.1% of students (1.9% of 
boys and 3.8% of girls); among those students whose com-
ments were classified into this theme, 75% were girls.

DISCUSSION
Since at least the Sputnik crisis of the late 1950s, the U.S. 

public education sector has focused enormous effort and 
budget resources on cultivating student skills and careers 
in the STEM fields of science, technology, engineering and 
mathematics (Wissehr et al., 2011). Much of this energy has 
been directed toward enhancing the STEM interest and as-
pirations of high school and middle school students, in part 
because student choices starting in middle school determine 
whether they take the prerequisite secondary school courses 
and course sequences necessary to prepare for STEM col-
lege degrees and careers. This national emphasis on STEM 
education may be viewed in part as an effort to ensure that all 
students have an opportunity to participate in STEM fields 
by reducing barriers to participation and providing support 
for previously underrepresented groups.

Evaluation research aimed at assessing the value and suc-
cess of these efforts has often looked for an overall increase 
in the number of students who pursue further education and 
careers in STEM fields, along with increased proportions of 
women and other demographic groups historically under-
represented in these disciplines. In much of this research, 
predictors or proximal indicators of these longer-term career 
development goals have served as proxy outcome measures 
for evaluating the hoped-for eventual impact of programs 
aimed at growing the U.S. STEM workforce. These more 
easily measured near-term outcomes include behavioral in-
dicators—grades, test scores, and course-taking—as well as 
psychological indicators such as interest in science gener-
ally or in particular STEM topics or fields, aspirations for 
college degrees or careers in STEM disciplines, motivation, 
self-efficacy, or self-concept schemas, such as science-ori-
ented components of personal identity or envisioned future 
personal possibilities.

Theme

Percent and 
(n) of Boys 
Classified 

Into Theme

Percent and 
(n) of Girls 
Classified 

Into Theme

Percent and 
(n) of Total 

Sample 
Classified Into 

Theme

Ratio of 
Boys : Girls 

Within Theme

1 Too much work, too difficult, not fun 5.7 (3) 3.8 (3) 4.6 (6) 50 : 50

2 Low initial interest was not changed by program 26.4 (14) 20.5 (16) 22.9 (30) 47 : 53

3 Not interested in air quality, interested in other aspects of science 9.4 (5) 16.7 (13) 13.7 (18) 28 : 72

4 Interested in science topics but not a science degree or career 13.2 (7) 11.5 (9) 12.2 (16) 44 : 56

5 High initial interest not changed by program 13.2 (7) 14.1 (11) 13.7 (18) 39 : 61

6 Learning about research methods and doing research was interesting 11.3 (6) 11.5 (9) 11.4 (15) 40 : 60

7 Learning about air quality science content was interesting 11.3 (6) 20.5 (16) 16.8 (22) 27 : 73

8 Science and research were more fun and interesting than I realized 13.2 (7) 21.8 (17) 18.3 (24) 29 : 71

9 Seeing what scientists do made me excited to help people in a career that is relevant 15.1 (8) 17.9 (14) 16.8 (22) 36 : 64

10 Presenting projects, getting feedback on my work was interesting 1.9 (1) 3.8 (3) 3.1 (4) 25 : 75

Table 3. Themes in Student Comments About Program Effects on Their Interest in Science.

Note. N = 131 students whose comments were classified into at least one theme (53 male, 78 female). Some students returned multiple comments that were classified into more than one theme. 
Percentages indicate the proportion of students whose comments were coded into each theme. Differences between boys and girls were not statistically significant (Chi-square tests p > .10 in 
all cases).
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Converging literature from interest theory, career and 
vocational counseling, and adolescent identity development 
research may inform greater specificity in how STEM edu-
cators approach their goal of helping students find their way 
into STEM majors and careers or, at least, into greater ap-
preciation of how science literacy can enhance adjacent ca-
reers and life pursuits. Although early interest surveys were 
created in the service of providing vocational counseling, 
until recently much of this work treated interest as a fixed 
characteristic rather than something that develops and can be 
stimulated, cultivated and shaped (Renninger & Hidi, 2016).

The data reported here suggests that design and evaluation 
of these kinds of programs would benefit from a more fine-
grained attention to individual variation and, in particular, 
to the developmental trajectories of students’ psychological 
orientation toward science education and career-building. 
Although the findings are based on student self-reports, the 
validity of the self-reported program impact classifications 
is supported by correlation with observed patterns of base-
line and follow-up reports of science interest. While more 
than a third of students reported a positive program impact, 
more than half reported no program impact, and there was 
no detectable growth in overall average science interest. 
There were, however, potentially meaningful differences 
among students who reported no program impact. These ap-
pear to be related to career foreclosure: pre-existing attitudes 
toward science and science careers that were already firmly 
positive or negative by the time of program participation. 
Students who are already committed to a science career, and 
who may have already settled on a particular STEM topic or 
discipline, present different challenges and opportunities to 
educators than students who have already strongly ruled out 
further science education or career interests.

Further, among students who reported a positive program 
impact when asked directly about how the program influ-
enced their interest, a more detailed examination of their 
comments about the program revealed specific program ac-
tivities or emphases that elicited greater interest for partic-
ular subgroups, along with potential gender differences in 
these dynamics. Interest in science among these students as 
measured by other questions was in fact higher on average 
at the end of their program participation than at baseline. 
While 43% of this group found that “science and research 
were more fun and interesting than I realized,” almost 40% 
specifically reported that “learning about air quality science 
content was interesting,” and almost 40% reported that “see-
ing what scientists do made me excited to help people in a 
career that is relevant.” More than a quarter of the group 
that reported positive program impact found learning about 
research methods and actually doing research to be interest-
ing. There was some overlap, but these were distinct groups; 
many students were interested in the air quality and health 
science content but not in research methods, or vice versa; 

some students were particularly interested in the relevance 
of making a positive contribution to their community. 

Girls were more likely than boys to report that the REACH 
program experience made them more interested in science; 
girls were less likely than boys to report that the program 
decreased their interest. Comments from girls were more 
likely to indicate specific avenues through which their in-
terest was increased, notably that “learning about air quality 
science content was interesting” and “science and research 
are more fun and interesting than I realized.” These findings 
may be interpreted to reflect a softening of pre-existing ca-
reer foreclosure as well as a weakening of perceived barriers 
to girls’ entry into STEM disciplines. This interpretation as-
sumes that girls are more likely than boys to have made an 
early decision that science is not for them, and conversely, 
that boys are more likely to have made an early decision 
that science is for them. In either type of foreclosure, actual 
exposure to “doing science” may have triggered a reconsid-
eration of these pre-existing attitudes and expectations and 
a greater willingness to explore intellectual, educational and 
career options—to discover and realize a self that students 
may not have previously thought possible.

Among those students who reported a negative program 
impact, a common theme was that doing scientific research 
is “too much work, too difficult, not fun.” For some, this may 
reflect an overconfidence among students who thought sci-
ence would be easy for them and who were surprised to find 
that more work was required than they expected (Ashlock 
et al., 2022; Bench et al., 2015; Sakellariou & Fang, 2021; 
Vancouver & Kendal, 2006).

These findings can inform future program design and 
evaluation that is more responsive to variation in students’ 
pre-existing attitudes, expectations, individual needs, moti-
vations, interests, and interest levels, phases or trajectories. 
Science education programs aiming to increase student con-
ceptual understanding of science content and student par-
ticipation in science degrees and careers could also benefit 
from application of related findings from career counseling 
research (e.g. Meeus et al., 2010, 2012), along with great-
er efforts to assess and respond to baseline levels of inter-
est in science, or attitudes toward science, as they develop 
and deliver program activities. Design and evaluation of 
STEM education programs could also be improved through 
consideration of developments in interest theory, with a fo-
cus on triggering and supporting students’ interest in par-
ticular STEM fields and their applications that is based on 
assessment of particular students’ level or phase of interest 
in program content (Hidi & Renninger, 2006; Renninger & 
Hidi, 2020; Renninger & Su, 2019). Research and theory 
on interest development in relation to career development 
shows linkages between interest trajectories and “career de-
cidedness,” finding that “most students who were studying 
science in university had a well-developed interest that had 
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motivated their choice of programme, and their subject in-
terest and career decidedness were linked” (Quinlan & Ren-
ninger, 2022, p. 863). 

Students in this study reported different types and trajec-
tories of interest in the science curriculum they were offered. 
Some were interested in applying knowledge of air quality 
and health to help people in their community; some were 
intrigued by learning to do rigorous research; some were in-
terested in communicating findings to audiences; some were 
surprised to find that “doing science” was more fun or less 
difficult than they imagined, which increased their interest in 
pursuing more science learning. These findings are consis-
tent with the view that interest is “a cognitive and affective 
motivational variable that develops and can be supported to 
develop” through the “triggering of interest in both earlier 
and later phases of interest” as well as activities aimed at 
“maintaining interest once it has been triggered” (Renninger 
& Su, 2019, p.167).

Interest can become self-rewarding. Initial interest may 
come from novelty or the surprising or entertaining aspects 
of a new topic, while later interest may be sustained and fur-
thered by the satisfaction of developing skills and knowl-
edge. Neurological research shows that as interest progress-
es to higher levels, the search for information, answers and 
solutions to problems in an area of interest is inherently 
rewarding; the pursuit of an interest creates more interest 
(Gottlieb et al., 2013; Renninger & Hidi, 2016). Education-
al activities that build on existing interest, knowledge and 
skills by “snowballing” student enjoyment of their own bud-
ding expertise will differ in important ways from initial ac-
tivities that open students’ eyes to the possibility of interest 
in a new topic in which they have no existing expertise. Pro-
gram design for science education should therefore include 
distinct activities that can trigger, maintain and support dif-
ferent phases of interest along with interest in different types 
of scientific work. 

Curriculum designed with content and activities that ad-
dress student needs at multiple points along possible interest 
trajectories can include both individual and team activities 
that maximize potential for individualized learning. By be-
ginning STEM courses or programs with assessments and 
discussions of interests, expectations, and attitudes, educa-
tors can help students identify and reconsider pre-existing 
attitudes or stereotypes. By offering different activities to 
students with different baseline interest levels or attitudes, 
programs can nurture and support pre-existing interests 
whether these are untapped, partially formed, or already well 
developed. 

In order to reach the kinds of student subgroups identi-
fied in this research, programs could more clearly include 
content designed to combat common negative attitudes or 
begin with early demonstrations of how science is used to 
help solve real-world problems of interest to students, be-

fore proceeding to skill-building and content knowledge ac-
quisition. More than forty percent of students in this study 
reported that science and research were more fun than they 
had realized. Almost forty percent made comments indicat-
ing excitement at seeing what scientists do to help people in 
a career that is relevant. These comments address an initial 
awakening of interest and a reconsideration of foreclosed ca-
reer paths. Grounding science content and science methods 
within a context of solving problems that students consider 
relevant and important may draw students in despite nega-
tive preconceptions about science, science careers, or about 
their own aptitude for doing science. As noted above, this 
approach appears to be especially important for supporting 
girls’ interest in science (e.g., Häussler & Hoffmann, 2002).

A more responsive, student-focused design might offer 
different roles in group research projects so students can 
focus on roles that are most appealing to them. Some stu-
dents may prefer to take the lead on reviewing literature 
and summarizing what is already known about a problem 
or question, some may want to take the lead on designing 
and implementing quantitative methods, some may excel 
at writing or presenting findings. These different kinds of 
scientific work were called out by subgroups of students as 
particularly interesting. Programs could provide options to 
change roles for different projects, or to specialize in one 
type of science activity. This ensemble approach would of-
fer students experience working in teams according to their 
aptitudes, collaborating with others who can make different 
contributions–which is how higher-level STEM projects and 
workplaces are increasingly organized.

In this research, additional subgroups of students report-
ed interest in aspects of science other than air quality re-
search, or being interested in science but not in a science 
career. Programs should include better options for students 
with these attitude profiles by offering a variety of ways to 
connect the focal topic of a science education program to 
other adjacent STEM disciplines or other academic, life and 
career interests. In addition to matriculation into college de-
grees in science disciplines, important program impacts may 
be found in adjacent areas, such as valuing and participating 
in citizen science projects, personal and community applica-
tion of scientific findings, and other outcomes beyond tradi-
tional science careers.

CONCLUSION
A recent review of experimental studies in political sci-

ence found that although researchers are increasingly likely 
to publish non-significant findings showing no detectable ef-
fect for treatments, it is often difficult to tell whether these 
are “true, versus erroneous, nonsignificant results” (Kane, 
2024, p.110). The author outlines seven possible explana-
tions for non-significant findings, one of which is “counter-
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vailing treatment effects,” through which a treatment effect 
“can be near zero because treatment effects occur in opposite 
directions for different subgroups” (Kane, 2024, p.118). He 
recommends theorizing “about such heterogenous effects a 
priori (in the design stage)” (Kane, 2024, p.119) and includ-
ing measures of potential moderating variables to formally 
explore how the treatment effect may vary across subgroups. 
Similarly, a recent special issue of Educational Researcher 
(Herrington & Maynard, 2019) focused on how to better un-
derstand null findings in experimental research and empha-
sized, among other methodological and contextual issues, 
“the importance of exploring variation in impacts” (Jacob 
et al., 2019, p.587). Recommendations include specifying 
whether the theory of change for a program or intervention 
suggests that “the program may be more effective for some 
participants or in some contexts” and designing evaluation 
studies accordingly (Jacob et al., 2019, p.582; see also Scho-
chet et al., 2014).

The data we report here fit the above scenario in that we 
report a post-hoc examination of factors related to student 
interest trajectories that appear to influence program out-
comes and explain previous null findings. We plan to include 
a priori measures and hypotheses about these factors in stud-
ies of a new program adaptation which emphasizes com-
munity-focused student research on the growing impact of 
extreme heat events and wildfire smoke. These studies will 
include more specific measures of interest trajectories prior 
to program participation as well as more sensitive outcome 
measures designed to detect heterogenous outcomes across 
heterogenous subgroups. 

These findings have potential utility for better under-
standing the psychological and academic developmental 
trajectories of high school students with a particular focus 
on science and other STEM interests and how these may be 
influenced by educational programs. A better understanding 
of student interest profiles and trajectories is likely to be use-
ful for designing program activities that respond to and build 
upon individual and subgroup differences. Measurement 
and analysis of program effectiveness is also likely to be 
improved by taking student interest trajectories and profiles 
into consideration and by designing studies to account for 
potential systematic heterogeneity of treatment outcomes. 
By integrating a broader theoretical basis and incorporating 
insights from related fields of study, program design and 
evaluation of STEM education programs can be improved.

REACH and programs like it are important because they 
present students with opportunities for self-discovery while 
offering hands-on experience with relevant science content 
and skills. These experiences may help students re-evaluate 
their assumptions about academic disciplines, career options, 
and their own interests and aptitudes. This may help them 
develop a personal and career trajectory that is informed by 
experience rather than prejudice, misconceptions, the opin-

ions of others, or other roots of career foreclosure. Programs 
that provide hands-on experience in doing science may be 
helpful for different students in different ways, for example:

•	 Students may discover that science (or a 
particular science discipline, skill or activity) is 
more interesting to them than they previously 
thought; i.e., a better fit for their talents, aptitude, 
and interests than they realized.

•	 Students may discover that science (or a 
particular science discipline, skill or activity) is less 
interesting to them than they previously thought; 
i.e., not as good a fit for their talents, aptitude, and 
interests as they expected.

•	 Students may affirm their prior ideas about their 
interest, talent, or aptitude in science.

•	 Students may find that they have an interest in 
particular scientific disciplines or topics that are 
different from those they were previously aware of.

•	 Students may find that science is more difficult 
than they realized and that if they want to pursue 
STEM career aspirations they will need to work 
harder than they expected.

In any of these scenarios, students will have learned 
something about science and about themselves that will be 
useful in making informed choices about their path forward.   

AUTHOR INFORMATION
Corresponding Author

Tony Ward, University of Montana, 32 Campus Drive, 
Missoula, MT 59812, United States. Email: Tony.Ward@
umontana.edu

Author Contributions
The manuscript was written through contributions of all 

authors. All authors have given approval to the final version 
of the manuscript.

This work is licensed under a Creative Commons Attri-
bution 4.0 International (CC BY 4.0) License.

ACKNOWLEDGMENTS
 We would like to thank our participating students, teach-

ers, and regulatory stakeholders for their continued support 
of air quality research education. 



Realization of Self Through Science – Coe, et al. Vol. 9, Issue 1, August 2026

Journal of STEM Outreach 12

FUNDING SOURCES
The authors would also like to thank our funding agency: 

Science Education Partnership Award (SEPA), National In-
stitutes of Health, National Institute of General Medical Sci-
ences, Grant Numbers R25GM129849 and R25GM154354. 
The content of this publication is solely the responsibility 
of the authors and does not necessarily represent the official 
views of the National Institutes of Health. No potential con-
flict of interest was reported by the authors.

ABBREVIATIONS
NIH: National Institutes of Health; REACH: Research 

Education on Air and Cardiovascular Health; SEPA: Science 
Education Partnership Award; STEM: Science, Technology, 
Engineering, and Mathematics

REFERENCES
Alhadabi, A. (2021). Science interest, utility, self-efficacy, identi-

ty, and science achievement among high school students: 
An application of SEM tree. Frontiers in Psychology 12. 
https://doi.org/10.3389/fpsyg.2021.634120

Ashlock, J., Stojnic, M., & Tufekci, Z. (2022). Gender differ-
ences in academic efficacy across STEM fields. So-
ciological Perspectives, 65(3), 555–579. https://doi.
org/10.1177/07311214211028617

Bandura, A. (1977). Social learning theory. Prentice Hall.

Bandura, A. (1991). Social cognitive theory of self-regulation. 
Organizational Behavior and Human Decision Pro-
cesses, 50(2), 248– 287. https://doi.org/10.1016/0749-
5978(91)90022-L 

Bandura, A. (1997). Self-efficacy: The exercise of control. W. H. 
Freeman and Company.

Bandura, A., Barbaranelli, C., Caprara, G. V., & Pastorelli, C. 
(2001). Self-efficacy beliefs as shapers of children’s aspi-
rations and career trajectories. Child development, 72(1), 
187–206. https://doi.org/10.1111/1467-8624.00273

Bandura, A., & Locke, E. A. (2003). Negative self-efficacy and 
goal effects revisited. Journal of Applied Psychology, 
88(1), 87–99. https://doi.org/10.1037/0021-9010.88.1.87 

Bench, S., Lench, H., Liew, J., Miner, K., & Flores, S. (2015). 
Gender gaps in overestimation of math performance. Sex 
Roles. 72(11-12), 536-546. http://dx.doi.org/10.1007/
s11199-015-0486-9

Braun, V., & Clarke, V. (2006). Using thematic analysis in psy-
chology. Qualitative Research in Psychology, 3(2), 77-
101. https://doi.org/10.1191/1478088706qp063oa

Braun, V., & Clarke, V. (2019). Reflecting on reflexive themat-
ic analysis. Qualitative Research in Sport, Exercise, and 
Health, 11(4), 589-597. https://doi.org/10.1080/215967
6X.2019.1628806

Britner, S. L., & Pajares, F. (2006). Sources of science self-ef-
ficacy beliefs of middle school students. Journal of Re-
search in Science Teaching, 43(5), 485–499. https://doi.
org/10.1002/tea.20131 

Cintron, D. W., Adler, N. E, Gottlieb, L. M., Hagan, E., Tan, M. 
L., Vlahov, D., Glymour, M. M., Matthay, E. C. (2022). 
Heterogeneous treatment effects in social policy studies: 
An assessment of contemporary articles in the health and 
social sciences. Annals of Epidemiology, 70, 79-88. https://
doi.org/10.1016/j.annepidem.2022.04.009

Coe, M., Jones, D., Kiley, A., Hester, C., & Ward, T. (2023). Learn-
ing from COVID-19: Research education in troubling 
times. School Science and Mathematics, 123(6), 265–277. 
https://doi.org/10.1111/ssm.12617

Crocetti, E., Rubini, M., Meeus, W. (2008) Capturing the dynamics 
of identity formation in various ethnic groups: Develop-
ment and validation of a three-dimensional model. Journal 
of Adolescence, 31(2), 207–222. https://doi.org/10.1016/j.
adolescence.2007.09.002

Delaloye, N., Adams, E., Hester, C., Ware, D., Vanek, D., Holian, 
A., & Ward, T. (2016).  The Clean Air and Healthy Homes 
Program: A model for authentic science learning. Science 
Education and Civic Engagement, 8(2) 13-19. https://
pubmed.ncbi.nlm.nih.gov/34476131/ 

Delaloye, N., Blank, L., Ware, D., Hester, C., Ward, T., Holian, 
A., & Adams, E. (2018).  Evaluating the impact of authen-
tic research on secondary student self-efficacy and future 
scientific possible selves. International Journal of Envi-
ronmental and Science Education, 13(9), 737-746. https://
pmc.ncbi.nlm.nih.gov/articles/PMC8297797/ 

Ericsson, K. A., Krampe, R. T., & Tesch-Römer, C. (1993). The 
role of deliberate practice in the acquisition of expert per-
formance. Psychological Review, 100(3), 363–406. https://
doi.org/10.1037/0033-295X.100.3.363

Ericsson, K. A., Prietula, M. J., Cokely, E. T. (2007). The making 
of an expert. Harvard Business Review 85(7-8),114-193. 
https://pubmed.ncbi.nlm.nih.gov/17642130/

Gladwell, M. (2008). Outliers: The story of success. Little, Brown 
and Company.

Gottlieb, J., Oudeyer, P. Y., Lopes, M., Baranes, A. (2013). Infor-
mation-seeking, curiosity, and attention: Computation-
al and neural mechanisms. Trends in Cognitive Science 
17(11), 585-93. https://doi.org/10.1016/j.tics.2013.09.001 

Häussler, P. & Hoffmann, L. (2002), An intervention study to 
enhance girls’ interest, self-concept, and achievement in 
physics classes. Journal of Research in Science Teaching, 
39(9), 870-888. https://doi.org/10.1002/tea.10048 



Realization of Self Through Science – Coe, et al. Vol. 9, Issue 1, August 2026

Journal of STEM Outreach 13

Heaverlo, C. A., Cooper, R., Lannan, F. S. (2013). STEM develop-
ment: Predictors for 6th-12th grade girls’ interest and confi-
dence in science and math. Journal of Women and Minori-
ties in Science and Engineering 19(2), 121-142. https://
doi.org/10.1615/JWomenMinorScienEng.2013006464 

Herrington, C. D., & Maynard, R. (2019). Editors’ introduc-
tion: Randomized controlled trials meet the real world: 
The nature and consequences of null findings. Ed-
ucational Researcher, 48(9), 577-579. https://doi.
org/10.3102/0013189X19891441 

Hidi, S., & Renninger, K. A. (2006). The four-phase model of in-
terest development. Educational Psychologist, 41(2), 111–
127. https://doi.org/10.1207/s15326985ep4102_4 

Jacob, R. T., Doolittle, F., Kemple, J., & Somers, M.-A. 
(2019). A framework for learning from null results. 
Educational Researcher, 48(9), 580-589. https://doi.
org/10.3102/0013189X19891955 

Johnson, R. (2023). New survey finds most college grads would 
change majors. Best Colleges. https://www.bestcolleges.
com/blog/college-graduate-majors-survey/ 

Kane, J. V. (2025). More than meets the ITT: A guide for antic-
ipating and investigating nonsignificant results in survey 
experiments. Journal of Experimental Political Science, 
12(1), 110-125. https://doi.org/10.1017/XPS.2024.1 

Kier, M., Blanchard, M., Osborne, J., & Albert, J. (2014). The de-
velopment of the STEM Career Interest Survey (STEM-
CIS). Research in Science Education, 44(3), 461-481. 
https://doi.org/10.1007/s11165-013-9389-3

Kiley, A., Jones, D., Hester, C., Coe, M., & Ward, T. (2022). The 
science symposium: A substantive alternative assessment. 
The Science Teacher, 90(1), 42-47. https://pubmed.ncbi.
nlm.nih.gov/37042017/ 

Kubsch, M., Fortus, D., Neumann, K., Nordine, J., & Krajcik, J. 
(2022). The interplay between students’ motivational pro-
files and science learning. Journal of Research in Science 
Teaching, 60(1), 3–25. https://doi.org/10.1002/tea.21789

Leu, K. (2017). Beginning college students who change their ma-
jors within 3 years of enrollment. U.S. Department of Ed-
ucation, National Center for Education Statistics, NCES 
2018-434. https://nces.ed.gov/pubs2018/2018434/index.
asp

Linnenbrink-Garcia, L., Pugh, K. J., Koskey, K. L. K., & Stewart, 
V. C. (2011). Developing conceptual understanding of nat-
ural selection: The role of interest, efficacy, and basic pri-
or knowledge. Journal of Experimental Education, 80(1), 
45–68. https://doi.org/10.1080/00220973.2011.559491 

Macnamara, B. N., Hambrick, D. Z., & Oswald, F. L. (2014). 
Deliberate practice and performance in music, games, 
sports, education, and professions: A meta-analysis. 
Psychological Science, 25(8), 1608-1618. https://doi.
org/10.1177/0956797614535810 

Marcia, J. E. (1966). Development and validation of ego-identity 
status. Journal of Personality and Social Psychology, 3(5), 
551–558. https://doi.org/10.1037/h0023281

Marcia, J. E., & Adelson, J. (1980). Identity in adolescence. In: 
Adelson, J. (Ed.). Handbook of adolescent psychology. 
(pp. 159-187). Wiley.

Marcia, J. E. (1993). The ego identity status approach to ego iden-
tity. In: J. Marcia, A. Waterman, D. Matteson, S. Archer, & 
J. Orlofsky (Eds.), Ego identity (pp. 3-21). Springer Ver-
lag.

Marcus, J. (2018, December 7). Switching majors is adding 
time and tuition to the already high cost of college. The 
Hechinger Report. https://hechingerreport.org/switching-
majors-is-adding-time-and-tuition-to-the-already-high-
cost-of-college/

Markus, H., & Nurius, P. (1986). Possible selves. American Psy-
chologist, 41(9), 954-969. https://doi.org/10.1037/0003-
066X.41.9.954 

Martela, F., & Pessi, A. B. (2018). Significant work is about 
self-realization and broader purpose: Defining the key di-
mensions of meaningful work. Frontiers in Psychology, 9, 
363. https://doi.org/10.3389/fpsyg.2018.00363

Meeus, W. (2011). The study of adolescent identity formation 
2000–2010: A review of longitudinal research. Journal 
of Research on Adolescence, 21(1), 75-94. https://doi.
org/10.1111/j.1532-7795.2010.00716.x 

Meeus, W., van de Schoot, R., Keijsers, L., & Branje, S. (2012). 
Identity statuses as developmental trajectories: A five-
wave longitudinal study in early-to-middle and middle-to-
late adolescents. Journal of Youth and Adolescence, 41(8), 
1008–1021. https://doi.org/10.1007/s10964-011-9730-y

Meeus, W., van de Schoot, R., Keijsers, L., Schwartz, S. J., & 
Branje, S. (2010). On the progression and stability of ado-
lescent identity formation: A five-wave longitudinal study 
in early-to-middle and middle-to-late adolescence. Child 
development, 81(5), 1565–1581. https://doi.org/10.1111/
j.1467-8624.2010.01492.x

Packard, B. WL., Nguyen, D. (2003). Science career-related possi-
ble selves of adolescent girls: A longitudinal study. Journal 
of Career Development, 29, 251–263. https://link.springer.
com/article/10.1023/A:1022939512735

Pajares, F. (2005). Gender differences in mathematics self-efficacy 
beliefs. In: A. M. Gallagher & J. C. Kaufman (Eds.), Gen-
der differences in mathematics: An integrative psychologi-
cal approach (pp. 294–315). Cambridge University Press.

Pintrich, P. R. (2003). A motivational science perspective on the 
role of student motivation in learning and teaching con-
texts. Journal of Educational Psychology, 95, 667–686. 
https://doi.org/10.1037/0022-0663.95.4.667 

Quinlan, K. M., Renninger, K. A. (2022). Rethinking employ-
ability: How students build on interest in a subject to 
plan a career. Higher Education, 84, 863–883. https://doi.
org/10.1007/s10734-021-00804-6 



Realization of Self Through Science – Coe, et al. Vol. 9, Issue 1, August 2026

Journal of STEM Outreach 14

Renninger, K. A., & Hidi, S. E. (2016). The power of interest for 
motivation and engagement. Routledge.

Renninger, K. A. & Hidi, S. (Eds). (2019). The Cambridge hand-
book of motivation and learning. Cambridge University 
Press.

Renninger, K. A., & Hidi, S. E. (2020). To level the playing 
field, develop interest. Policy Insights from the Be-
havioral and Brain Sciences, 7(1), 10-18. https://doi.
org/10.1177/2372732219864705 

Renninger, K. A., & Hidi, S. E. (2021). Interest development, 
self-related information processing, and practice. Theory 
Into Practice, 61(1), 23–34. https://doi.org/10.1080/0040
5841.2021.1932159 

Renninger, K. A., Kensey, C. N. C., Stevens, S. J., & Lehman, D. 
L. (2015a). Perceptions of science and their role in the de-
velopment of interest. In: K. A. Renninger, M. Nieswandt, 
& S. Hidi (Eds.), Interest in mathematics and science 
learning (pp. 93–110). American Educational Research 
Association. http://www.jstor.org/stable/j.ctt1s474j0.12 

Renninger, K. A., Nieswandt, M., & Hidi, S. (Eds.) (2015b). Inter-
est in mathematics and science learning. American Educa-
tional Research Association.

Renninger, K. A., & Su, S. (2019). Interest and its development, 
revisited. In: R. M. Ryan (Ed.), The Oxford handbook of 
human motivation (2nd ed., pp. 205–225). Oxford Univer-
sity Press.

Sakellariou, C. & Fang, Z. (2021). Self-efficacy and interest in 
STEM subjects as predictors of the STEM gender gap in 
the US: The role of unobserved heterogeneity. Internation-
al Journal of Educational Research, 109, 101821. https://
doi.org/10.1016/j.ijer.2021.101821

Schochet, P. Z., Puma, M., & Deke, J. (2014). Understanding vari-
ation in treatment effects in education impact evaluations: 
An overview of quantitative methods (NCEE 2014–4017). 
U.S. Department of Education, Institute of Education Sci-
ences, National Center for Education Evaluation and Re-
gional Assistance, Analytic Technical Assistance and De-
velopment. Retrieved from http://ies.ed.gov/ncee/edlabs 

Schudde, L. (2018). Heterogeneous effects in education: The 
promise and challenge of incorporating intersection-
ality into quantitative methodological approaches. Re-
view of Research in Education, 42(1), 72-92. https://doi.
org/10.3102/0091732X18759040

Schunk, D. H., & Pajares, F. (2002). The development of academic 
self-efficacy. In: A. Wigfield & J. S. Eccles (Eds.), Devel-
opment of achievement motivation: A volume in the edu-
cational psychology series (pp. 15–31). Academic Press.

Shaffer, L. S., & Zalewski, J. M. (2011). It’s what I have always 
wanted to do: Advising the foreclosure student. NACA-
DA Journal 31(2): 62–77. https://doi.org/10.12930/0271-
9517-31.2.62

Taylor, B., Jones, D., Hester, C., Kiley, A., Coe, M., & Ward, T. 
(2021). The REACH program brings science practices 
to students: A teacher’s perspective. Connected Science 
Learning, 3(6). https://doi.org/10.1080/24758779.2021.1
2318711 

Tyler-Wood, T., Knezek, G., & Christensen, R. (2010). Instruments 
for assessing interest in STEM content and careers. Jour-
nal of Technology and Teacher Education, 18(2), 341-363.

Vancouver, J. B., & Kendall, L. N. (2006). When self-efficacy neg-
atively relates to motivation and performance in a learning 
context. Journal of Applied Psychology, 91, 1146–1153. 
https://doi.org/10.1037/0021-9010.91.5.1146

Venit, E. (2016). How late is too late? Myths and facts about 
the consequences of switching college majors. EAB Stu-
dent Success Collaborative. https://attachment.eab.com/
wp-content/uploads/2019/07/EAB_Major-Switching-
Myths-and-Facts.pdf

Vincent-Ruz, P., & Schunn, C. D. (2017). The increasingly import-
ant role of science competency beliefs for science learning 
in girls. Journal of Research in Science Teaching, 54(6) 
790-822. https://doi.org/10.1002/tea.21387

Vincent-Ruz, P., & Schunn, C. D. (2018). The nature of science 
identity and its role as the driver of student choices. In-
ternational Journal of STEM Education 5, 48. https://doi.
org/10.1186/s40594-018-0140-5

Ward, T., Delaloye, N., Adams, E., Ware, D., Vanek, D., Knuth, R., 
Hester, C., Marra, N., & Holian, A. (2016).  Air Toxics Un-
der the Big Sky: Examining the effectiveness of authentic 
scientific research on high school students’ science skills 
and interest. International Journal of Science Education, 
38(6), 905–921. https://doi.org/10.1080/09500693.2016.1
167984 

Watt, H. M. G. (2006). The role of motivation in gendered educa-
tional and occupational trajectories related to maths. Edu-
cational Research and Evaluation, 12(4), 305–322. https://
doi.org/10.1080/13803610600765562 

Wissehr, C., Concannon, J., & Barrow, L. H. (2011). Looking back 
at the Sputnik era and its impact on science education. 
School Science and Mathematics, 111(7), 368-375. https://
doi.org/10.1111/j.1949-8594.2011.00099.x

Xie, Y. (2013). Population heterogeneity and causal inference. 
Proceedings of the National Academy of Sciences of the 
United States of America, 110(16), 6262–6268. http://
www.jstor.org/stable/42590407

Zeldin, A. L., & Pajares, F. (2000). Against the odds: Self-efficacy 
beliefs of women in mathematical, scientific, and techno-
logical careers. American Educational Research Journal, 
37(1), 215–246. https://doi.org/10.2307/1163477 

Zimmerman, B. J. (2000). Self-efficacy: An essential motive to 
learn. Contemporary Educational Psychology, 25(1), 82–
91. https://doi.org/10.1006/ceps.1999.1016


