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Abstract

To better understand STEM interest development during adolescence in an urban community, we
examined how “STEM Interested” youth differed from disinterested youth and how interest
changed over time from age 11/12 to 12/13. We surveyed youth to measure interest in four
components of STEM, used cluster analysis to categorize youth based on STEM interest, and
examined how interest profiles and pathways differed for several explanatory factors (e.g.,
parental support, gender). Three STEM interest profiles emerged from the analysis: Stem
Interested, Math Disinterested, and STEM Disinterested. Only STEM Disinterested youth lost
interest in science, technology/engineering, and mathematics while the remaining 76% of youth
remained at least somewhat interested in science and technology/engineering. Girls were just as
likely as boys to identify as STEM Interested. Participation in out-of-school STEM activities and
positive parental attitudes toward science were significant predictors of persistent STEM interest.
Decreases in STEM interest were associated with declines in science self-concept and perceived
parental attitudes toward science. Results suggested that declining STEM interest may not be the
norm for urban youth. The findings also revealed factors that may influence declining STEM
interest and reinforced the importance of out-of-school factors in developing and sustaining

STEM interest during adolescence.
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INTRODUCTION

Interest in STEM topics and disciplines declines over
the years that youth are in school (for reviews, see
Galton, 2009; Osborne, Simon, & Collins, 2003; Potvin &
Hasni, 2014). Although young children report
widespread interest in a variety of natural phenomena,
including many STEM topics, this interest steadily
declines through primary and secondary school with
enduring interest in STEM being largely formed by age
13/14 (Lindahl, 2007; Ormerod & Duckworth, 1975; Tai,
Liu, Maltese, & Fan, 2006). This pattern tends to be most
pronounced for girls, non-white ethnic minorities, and
urban low-income youth who report less positive
attitudes about science, participate in fewer relevant out-
of-school activities, and are less likely to pursue further

study and careers in STEM (Baram-Tsabari & Yarden,
2008; Basu & Barton, 2007; Breakwell & Beardsell, 1992;
Campbell, Denes, & Morrison, 2000, DeWitt et al., 2011;
Frenzel, Goetz, Pekrun, & Watt, 2010, Gilmartin, Li, &
Aschbacher, 2006; Taylor, 1993).

The above statements are part of the well-known
story of the leaky STEM pipeline in which adolescent
youth lose interest in STEM culminating in fewer youth
taking STEM coursework in high school and fewer still
choosing to major in scientific fields. Although each
piece is supported by research, it is an incomplete story
about who maintains or loses interest in STEM topics or
disciplines during adolescence—and potential reasons
for these different STEM interest pathways—for several
reasons. First, we actually know very little about the
nature of interest in multiple components of STEM
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Contribution to the literature

e Measures and tracks four components of STEM interest simultaneously over time to detect patterns of

STEM interest and factors that influence them.

e Introduces an innovative methodology in which youth are segmented based on STEM interest profiles to
examine how “STEM interested” youth differ from those who lose interest over time. This method
avoids adverse issues related to a priori classification schemes (e.g., gender or ethnicity) or treating
youth as a homogeneous group (e.g., reporting average changes only).

e Contributes to knowledge about why some youth may lose interest in STEM during adolescence, an
under-researched area of this long-standing issue in science education.

during adolescence. The majority of research in this area
has focused on attitudes toward or interest in science as
a general concept or on a single STEM topic or school
subject (e.g., math, physics), rather than examining
changes in interest across multiple components of STEM
simultaneously (e.g., Frenzel et al., 2010; H&ussler &
Hoffmann, 2002; Krogh & Thomsen, 2005; Salta &
Tzougraki, 2004).

Second, most research has been cross-sectional in
nature, comparing different youth at one point in time,
making it difficult to examine youth STEM interest
pathways over time and the factors that influence them
(e.g., Osborne et al., 2003; Sjgberg & Schriener, 2010).

Third, a large body of STEM interest research focuses
on demographic differences (e.g., girls compared to
boys) which does not adequately address the diversity
within these groups and may exaggerate differences
leading to stereotypes that “fit no one in particular”
(Brickhouse, Lowery, & Schultz, 2000, p. 442).

Finally, although several researchers have examined
the factors associated with the development and
maintenance of STEM attitudes or interest over time
(Maltese, Melki, & Wiebke, 2014), little is known of what
factors are most important in explaining the decline in
STEM interest during adolescence that has been
observed in many Western countries (Osborne et al.,
2003, Potvin & Hasni, 2014).

In order to address these issues and contribute to the
collective understanding of STEM interest development
during adolescence, particularly in low-income urban
communities, our longitudinal study of middle school
youth in a poor, under-resourced school district in
Oregon, US.A. took a different approach. First, we
measured youth interest in four components of STEM
simultaneously each year (earth/space science, human
biology, technology/engineering, and mathematics) so
we could track changes in interest over time for each
dimension. Second, we used cluster analysis to classify
youth based on their STEM interest profiles and
examined how associated factors such as participation in
out-of-school STEM and parental support varied across
profiles. Finally, we examined changes in STEM interest
for youth in each profile over time and compared how
youth who remained “STEM interested” differed from
those who became “STEM disinterested,” for a variety of

2/ 14

associated  factors (e.g.,  parental  support,
demographics). By examining factors associated with
declining interest during adolescence, we shed light on
an under-researched area of a long-standing issue in
science education that may inform interventions that
minimize the decline in STEM interest for more
adolescent youth.

THEORETICAL FRAMEWORK

It is becoming increasingly clear that affective and
socioemotional factors including attitudes, interest, and
motivation are critically important in the learning
process (Fortus, 2014; Maltese et al., 2014; Maltese & Tai,
2011; Vedder-Weiss & Fortus, 2011). STEM interest in
particular is a motivational variable directly linked to
participation in related activities. That is, youth who are
interested in STEM are very likely to seek out and engage
with STEM-related content and activities both in- and
out-of-school (Renninger & Hidi, 2011; Renninger &
Riley, 2013). Substantial research indicates that interest
in STEM during adolescence is a key factor in
persistence; a significant number of students who major
in STEM disciplines make that choice by high school on
the basis of interest rather than achievement (Maltese et
al. 2014; Maltese & Tai, 2011; Tai, Liu, Maltese, & Fan,
2006). Therefore, interest in STEM content and activities
during adolescence may be a significant predictor of
future engagement in STEM activities or careers.

Perspectives on STEM

A problematic issue for educators and researchers is
the lack of a common interpretation of STEM which has
been defined variously as four separate disciplines or as
the integration of the disciplines into a larger whole
(Burke, Frances, & Shanahan, 2014; English, 2017;
Morrison, 2006). Although we recognize that STEM is
often conceptualized as a meta-discipline that can be
used to solve complex problems, in practice most schools
continue to teach STEM disciplines as separate classes
(e.g., math, science; National Research Council, 2011). In
addition, youth interest is often specific to a subject area
rather than a STEM domain (Krapp, 2002). Therefore, we
chose to measure youth interest in each of the separate
disciplines that make up the larger construct of STEM.
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Conceptualizations of STEM Interest

Our conceptualization of interest was guided by Hidi
and Renninger’s (2006) Four-Phase Model of Interest
which describes the progression of interest development
towards a consistent and internalized interest in a topic
or activity. In this model, early “situational interest” is
triggered by an event in a learner’s environment that
captures his/her attention for a short time. If this
situational interest is maintained through repeated
engagement and external motivations (e.g.,
encouragement from parents or teachers), it could
progress to an emerging individual interest and finally a
well-developed individual interest characterized by self-
regulated and independent learning along with
increased knowledge and value for the topic or activity
of interest (Hidi & Renninger, 2006; Renninger & Su,
2012). Individual interest, because it is self-driven, is
more likely to endure over time, potentially affecting
later school and career choices. However, very few
situational interests become individual interests. Our
study aimed to better understand the factors that
support development of individual interest in STEM, as
well as those that do not, in order to inform educational
interventions that may help youth develop strong,
enduring interest in STEM.

Our study also was informed by the Person-object
Theory of Interest (Krapp, 2002) which proposes that
interest is always specific to a certain content or activity.
In particular, STEM interest appears to be topic rather
than domain specific such that learners may develop a
strong interest in a specific subject area (e.g., electricity)
while reporting low interest in the corresponding science
domain (i.e., physics; Haussler & Hoffmann, 2000; Krapp
& Prenzel, 2011). There appears to be a gendered aspect
to STEM interest as well with girls reporting greater
interest than boys in the life sciences while boys showed
more interest in physics and chemistry subject areas
(H&ussler & Hoffmann, 2000). Similarly, Sjeberg and
Schreiner (2010) found that science and technology
interests were highly context-dependent based on
gender and that this pattern held for youth in a variety
of different countries. These findings strongly informed
our survey development in which we avoided using
broad domain terms such as “science” or “technology”
in favor of including a variety of subject-specific topics
and activities of interest to both boys and girls.

Potential Influences on STEM Interest

There are a number of potentially powerful
influences which are critical to understanding the
pathways of STEM interest development during
adolescence. For example, participation in out-of-school
STEM activities such as watching STEM-related TV
shows or attending science clubs may critically support
learners” pursuit of lifelong STEM interests and
understandings, both in and out of school (cf., Barron,

2006; Bevan et al., 2010; Falk & Dierking, 2002, 2010; Falk
& Needham, 2013; National Research Council, 2015;
Stocklmayer, Rennie & Gilbert, 2010).

Other research has emphasized the importance of
school or classroom context in supporting youth STEM
interest over time. For example, Myers and Fouts (1992)
showed that students reported more positive attitudes in
classrooms with more supportive and innovative
teachers. Vedder-Weiss and Fortus (2011) found
significantly higher motivation to learn science for youth
attending democratic schools (where youth had greater
choice and autonomy) compared to youth in traditional
schools. Similarly, DeWitt and colleagues (2013) found
that the school a child attended was significantly related
to the child’s future science aspirations.

Parents are also important for the development of
STEM interests in youth. For example, parental attitudes
toward science, as well as parental encouragement and
support for youth interests, seems to play a strong role
in youth’s developing interest in science and math
studies and careers (Archer et al., 2012; Dunst & Raab,
2006; Ferry, Fouad, & Smith, 2000; Frenzel et al., 2010;
Gilmartin, Li, & Aschbacher, 2006; Harackiewicz, Rozek,
Hulleman, & Hyde, 2012; Maltese et al., 2014).

Finally, aspirations for the future are closely related
to interest and can greatly influence children’s eventual
decisions about what to major in and what career they
eventually choose (DeWitt et al., 2011; Lindahl, 2007; Tai
et al., 2006).

Profiles of Youth STEM Interests

The majority of studies considering youth interest in
or attitudes toward science or STEM have examined
samples of students as a whole or documented
associations with demographic variables such as gender
or ethnicity, making the implicit assumption that these
groups of youth are homogeneous in terms of STEM
interest (Osborne et al., 2003). More recently researchers
have sought to identify distinct profiles of youth for a
variety of constructs such as subjective task values
(Chow, Eccles, & Salmela-Aro, 2012), expectancy-value
motivation (Andersen & Chen, 2016) and utility and self-
concept beliefs (Sheldrake, Mujtaba, & Reiss, 2019), and
investigate the associations between profile membership
and a variety of explanatory factors (e.g., gender,
aspirations). However, no studies to date have examined
profiles based on STEM interest or documented
associated STEM interest pathways over time.
Considering profiles of STEM interest could help
quantify proportions of youth who are interested or
disinterested in STEM and how these groups differ in
terms of demographic, personal and environmental
variables. Examining changes in interest over time for
each profile and associated variables will provide a more
nuanced understanding of STEM interest, why it may
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decline and how it can be better supported during
adolescence.

RESEARCH QUESTIONS

The Synergies project was designed to investigate
and understand the STEM interest profiles and
associated pathways of a cohort of low-income
adolescents as they progressed from ages 11/12 (sixth
grade) through ages 13/14 (eighth grade) in an
underserved community in Oregon, U.S.A. Data were
collected using both a survey administered once yearly
and bimonthly interviews with case study youth and
their parents. In this paper we report survey results in
which we explored STEM interest patterns for youth
between ages 11/12 (sixth grade) and 12/13 (seventh
grade) in order to address the following questions:

(1) What is the nature of the STEM interest profiles of
adolescent youth in an urban community and how
do associated factors (e.g., parental support,
participation in out-of-school STEM) vary across
profiles?

(2) What are the STEM interest pathways of these
youth between ages 11/12 (sixth grade) and 12/13
(seventh grade), and how do they compare to the
pathway of sampled youth overall?

(3) What factors are associated with maintaining or
declining STEM interest over time?

METHODS

Survey Instrument

A goal of the Synergies Project was to develop a self-
reporting instrument that measured interest in each of
the subdisciplines that make up the larger construct of
STEM which would allow us to examine patterns of
STEM interest over time. In addition, we included items
and constructs that measured a variety of factors known
to influence STEM interest development as described
above (e.g., parental support, participation in out-of-
school STEM activities). A complete discussion of survey
development and validation is available elsewhere (Falk,
Staus, Dierking, Penuel, Wyld, & Bailey, 2016; Staus,
Lesseig, Lamb, Falk, & Dierking, 2019); we provide a
brief summary of the process here.

The questionnaire instrument was developed using
an iterative, construct-centered process which drew on
existing instruments including science interest items
from the ASPIRE survey (DeWitt et al., 2011) and ROSE
Questionnaire (Schreiner & Sjoberg, 2004), and a large
body of research on interest development and the
personal and environmental factors that affect interest
(as discussed above). To further increase validity, the
survey items were reviewed by five internationally
recognized experts on STEM interest and piloted in a
community similar to the study site.
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Because of the topic-specific nature of STEM interest
(Krapp & Prenzel, 2011), we avoided the use of domain-
level terms such as “science” or “engineering” when
developing survey items. Instead, we focused on youth-
centered activities and/or practices related to STEM that
youth in the community would recognize and have
opportunities in which to engage. We purposely
narrowed our content focus to areas that youth were
likely to encounter in school (e.g., earth sciences) and out
of school (e.g., consumer technology) and included items
known to appeal to both boys and girls. For example,
rather than asking youth if they were interested in
“science,” we asked about specific science-related topics
that were familiar to this group of youth (e.g., aspects of
space exploration). Although we included a broad range
of STEM topics, it was not possible to include an
exhaustive list due to survey length constraints.
However, topics we did not cover (e.g., physics) were
unlikely to be encountered by this population of youth.
See Appendix for component items and corresponding
Cronbach’s alphas.

The initial version of our survey instrument was
pilot-tested with 257 youth of ages 10-14, and principal
components analysis and measures of internal
consistency (i.e., Cronbach’s alpha) were conducted to
establish psychometric validity and refine the items and
scales. Removal of items with factor loadings under 0.5
or that lowered the reliability of the scale resulted in a
sixteen item STEM interest measure, three to five interest
items per content construct (see Appendix). Four
components of STEM interest emerged from the PCA
which were identifiable as earth/space science, life
science, technology/engineering, and mathematics. The
validity and reliability of these items were subsequently
confirmed with 811 youth in a nearby community
through a Structural Equation Model consisting of a path
analysis and confirmatory factor analysis, and through
comparison with instruments that measure science and
mathematics interest specifically (Status et al., 2019). We
used these interest measures to track youth STEM
interest pathways over time.

In addition, we included sixteen science interest-
associated items adapted from the ASPIRE survey which
factored into four constructs (DeWitt et al., 2011): science
enjoyment, negative science self-concept, parental
attitudes to science, and science relevance (See Appendix
for component items and corresponding Cronbach’s
alphas). Although ideally we would have included
measures for all components of STEM, survey length
and time constraints required us to use “science” as a
proxy for STEM in this case.

Other measures in the survey consisted of single
items or indexes comprised of the mean of several items.
“Science aspiration” was measured by a single item on a
five-point scale (“I expect to become a scientist
someday”). We included a measure of participation in
out-of-school STEM activities (“STEM activities”) based
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on the frequency with which youth participated in five
activities that emerged from the pilot study as readily
available to youth in this community: visiting the local
science museum, gardening or growing plants, doing
science kits or experiments, watching a TV program
about STEM, and building or taking things apart or
repairing things. Sunrise Middle School (pseudonym)
does not use grades so our measure of “STEM
knowledge” consisted of youth perceptions of their
knowledge about 10 of the STEM interest items on the
survey (see italicized items in Appendix). Finally, we
measured support for STEM learning (“STEM help-
parent, -teacher”) by asking youth to indicate who
helped them learn about each of the 10 items (youth
could choose one person, both or neither). A copy of the
questionnaire is available from the authors upon
request.

Participants

Our project focused on a single middle school in a
racially and ethnically diverse community within a
metropolitan area in Oregon, USA, in which 79% of
youth qualified for free or reduced-price lunch (U.S.
index of poverty). The target audience was served by a
single school district but was underserved in terms of
availability of informal STEM institutions and
organizations which generally were located outside of
the community (e.g., science center, zoo, children’s
museum). We chose this community because it was large
enough to mirror many of the complex dynamics of
major urban areas, yet small enough to be manageable in
both scope and scale.

All students at Sunrise Middle School were invited to
participate in the study. The questionnaire was
administered to all youth who returned a signed
parental consent form. The number and make-up of the
participants changed somewhat over time as youth
entered or left the school district. The questionnaire was
administered to 142 youth aged 11/12 (sixth grade) in
the first year of the study, and 157 aged 12/13 (seventh
grade) in the following year. A total of 106 youth
participated in the survey as both 11/12 and 12/13-year-
olds, allowing us to document these youth’s STEM
interest pathways and associated factors over time. More
girls than boys participated in the survey, consistent
with Sunrise population statistics (U.S. Census Bureau,
2012); the sample contained a higher percentage of Asian
or Asian American youth and a lower percentage of
white youth than the community at large based on 2012
census data (Table 1).

Data Analysis

In order to investigate the underlying patterns of
STEM interest within the data, we used K-means cluster
analysis on the four STEM interest components of youth
aged 12/13 (earth/space science, life science,

Table 1. Demographic composition of the youth (n=106)
who participated in the survey as both 11/12 (sixth grade)
and 12/13-year-olds (seventh grade)

Demographic category Number of youth  Percentage

Gender
Female 59 56 (54)
Male 47 44 (46)
Ethnicity
Hispanic 20 19 (16)
. Asian/ Asian 29 27 (1)
American
White 33 31 (56)
African American 14 13 (15)
Other 10 9(2

Note: Numbers in parentheses represent national statistics
from 2012 census figures (United States Census Bureau, 2012)

technology/engineering, mathematics) to segment the
youth into STEM interest profiles, and examined how
these groups’” STEM interests changed between ages
11/12 and 12/13. Cluster analysis identifies naturally
occurring distinct groups of youth from the data who
exhibit similar patterns of responses based on small
within-group and large between-group variance, and
therefore is a purely empirical method of classification
requiring no a priori assumptions about the
relationships within the data (Fouts, 1987; Gerard, 1957).
K-means is one of the most efficient clustering methods
and operates by optimizing the squared error function
when partitioning data into similar groups or clusters
(Jain & Dubes, 1988). The groups may then be compared,
through ANOVA, on the four STEM interest
components as well as other variables not used in the
clustering procedure (e.g., participation in out-of-school
activities). We utilized the elbow method to determine
the number of clusters in which the sum of squared
errors is plotted against each value of k (Kodinariya &
Makwana, 2013). The goal is to choose a small value of k
that still has a low SSE, and the elbow represents the
point of diminishing returns by increasing k.

We calculated the interest profiles for 12/13-year-
olds (rather than 11/12-year-olds) as this is the age
group that has most likely formed stable, enduring
interests in STEM and whose interest pathways we
would like to better understand (Lindahl, 2007; Tai et al.,
2006). We used one-way ANOVA to investigate how
science enjoyment, science self-concept, parental
attitudes to science, science relevance/value, STEM
knowledge, science aspirations, STEM support from
parents and teachers, science teacher, and participation
in STEM activities differed among profiles and paired t-
tests to examine changes over time. SPSS 22.0 software
was used for all analyses.

Because the Bonferroni correction for multiple
comparisons may greatly inflate the likelihood of
making a Type II error while decreasing the probability
of finding a significant result, particularly with small
sample sizes (Moran, 2003; Wright, 1992), we followed
the suggestion of Moran (2003) by reporting exact p-
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Table 2. ANOVA of STEM component interest by STEM Interest Profile for all 12/13-year-old (seventh grade) youth

participating in the survey

STEM Interest Profile

STEM Math STEM .
STEM Interest Interested Disinterested Disinterested F-value p-value Effect size eta

(n=49) (n=68) (n=38)
Earth/space science 4.42a 3.68b 2.71¢ 80.99 <0.001 0.72
Life science 4.24a 3.43b 2.54¢ 65.98 <0.001 0.68
Technology/engineering 4.31a 3.32b 2.38¢ 123.36 <0.001 0.79
Mathematics 3.98a 2.94b 1.81¢ 128.82 <0.001 0.79

Note: Means with different superscripts are significant at p < 0.05 based on Scheffe post-hoc tests for equal variances. STEM
interest measures range from 1 = “Not interested” to 5 = “Very interested.”
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Figure 1. K-means clustering SSE vs. number of clusters

values along with effects sizes to allow readers to make
reasonable interpretations of the results.

FINDINGS

STEM Interest Profiles and Associated Factors

To answer the first research question, we conducted
a cluster analysis using the scores from the four STEM
interest components. Three distinct STEM interest
profiles emerged for all youth who completed the survey
as 12/13-year-olds, which we identified as “STEM
interested,”, “Math disinterested,”, and “STEM

disinterested” (Figure 1). Youth in each profile differed
significantly for all four STEM interest components with
large effect sizes (Table 2), further validating the choice
of three groups. The STEM Interested profile made up
32% of the sample (n=49; 22 girls) and was characterized
by significantly greater interest in all four STEM
components than youth in the other profiles. Youth in
the Math Disinterested profile made up 44% of the
sample (n=68; 47 girls) and reported slightly positive
interest in earth/space science, life science, and
technology/engineering, but slightly negative interest in
math. Youth in the STEM Disinterested profile
comprised 24% of the sample (n=38; 20 girls) and stood
apart as the group with the lowest interest in all four
STEM components. Although there were no gender
differences within the STEM Interested and STEM
Disinterested groups, girls were more likely than boys to
identify with the Math Disinterested group (y=7.82,
p=0.020); specifically, 53% of girls identified with the
Math Disinterested group compared to 31% of boys. Due
to our small sample size, we were unable to investigate
differences among STEM interest profiles based on
race/ethnicity.

Next, we examined how the associated personal and
environmental factors varied across the three interest
profiles and found that youth in each profile differed in
several important ways (Table 3). For example, youth
who were STEM Interested enjoyed science more and

Table 3. Relation of interest-related factors to STEM Interest Profiles for all 12/13 year old youth

STEM Interest Profilel
Personal and Environmental STEM Math Disinterested . STEM Fovalue p-value Effect size
Factors Interested (n=68) Disinterested eta
(n=49) (n=38)

Science self-concept (negative)?2 2.73 3.00 3.03 1.14 0.321 0.15
Parent science attitude? 3.27a 2.92a 2.30v 9.84 <.001 0.36
Science relevancy? 4.02a 3.52b 3.10p 11.44 <.001 0.38
Science enjoyment? 4.042 3.24b 2.86b 14.16 <.001 0.42
STEM activities3 2.78a 2.17v 1.95b 11.39 <.001 0.40
STEM knowledget 2.78a 2.63ab 2.48b 5.34 0.006 0.27
STEM help - parent5 0.23 0.26 0.18 1.82 0.166 0.16
STEM help - teacher5 0.47 0.48 0.48 0.05 0.951 0.07
Science aspirations? 2.602 2.06b 1.42¢ 12.83 <.001 0.38

Note: Profile means with different superscripts are significantly different at p < 0.05 based on Tamhane’s post-hoc tests for
unequal variances; 2Items in each index were coded on a five-point scale from 1="Disagree a lot’ to 5="Agree a lot.’; 3Items were
coded on a five-point scale from 1="Hardly ever or never’ to 5="Almost every day.’; ‘ltems were coded on a four-point scale from
1="None’ to 5="A lot.’; >Items were coded on a scale from 0 = no help learning STEM to 1 = helped child learn STEM.
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Table 4. Comparison of STEM interests between 11 /12 (sixth grade) and 12/13-year-old (seventh grade) youth (n=106) and

by gender
STEM Interest Melaln/12-yr—oldSE Mliﬁ 13—yr-oldSE t-value p-value Cohen’s d
Earth/space science
All 3.96 0.08 3.75 0.09 2.89 0.005 0.44
Girls 3.96 0.09 3.67 0.11 3.03 0.004 0.34
Boys 3.92 0.13 3.84 0.13 0.77 0.445 0.09
Life science
All 3.72 0.10 3.45 0.09 2.35 0.021 0.28
Girls 3.79 0.12 3.62 0.10 1.14 0.259 0.19
Boys 3.62 0.15 3.24 0.15 2.25 0.030 0.38
Tech/engineering
All 3.62 0.08 3.47 0.09 1.51 0.134 0.18
Girls 3.48 0.11 3.28 0.11 1.50 0.138 0.24
Boys 3.80 0.12 3.72 0.13 0.55 0.585 0.09
Mathematics
All 3.26 0.09 2.98 0.10 2.71 0.008 0.28
Girls 3.15 0.12 2.85 0.12 211 0.040 0.31
Boys 3.40 0.14 3.14 0.17 1.68 0.099 0.25

Note: Interest coded on a five-point scale from 1="Not interested” to 5="Very interested.” Girls n=59; boys n=47.

found it significantly more relevant to their lives than
youth in the other profiles. In addition, youth in that
profile engaged in significantly more STEM-related out-
of-school  activities such as doing  science
experiments/kits, gardening, watching STEM-related
TV shows, and building things than those in the other
two profiles, with large effect sizes. They also reported
being more knowledgeable about STEM topics than
youth in the STEM Disinterested profile.

In contrast, youth who were STEM Disinterested
reported that their parents had significantly lower
positive attitudes toward science than youth in the other
two groups. Interestingly, there were no differences in
science self-concept among profiles. In other words,
those who were disinterested in STEM did not perceive
science as being significantly more difficult for them
than those who were interested in STEM. In addition,
there were no differences among interest profiles in the
amount of support youth received from parents or
teachers in learning about STEM. We also found no
difference in STEM interest profiles based on science
teacher effect (y=6.518, p=0.368). Finally, although youth
in the STEM Interested profile were significantly more
likely to agree with the item “I expect to become a
scientist someday,” their science aspirations were in fact
negative (2.6 on a 5-point scale). That is, even youth in
our sample who reported a strong interest in STEM did
not endorse the idea that they would become a scientist
in the future.

STEM Interest Pathways

To answer the second research question, we
examined how STEM interest changed over time first for
the sample as a whole and then for youth in the three
interest profiles. Overall, sampled youth exhibited the
typical pattern of declining interest in three of the four
STEM domains we measured: earth/space science,

human biology, and math. There was no change in
technology/engineering interest during this time (Table
4). However, this was not the case for youth in two of the
three STEM interest profiles (Figure 2). In fact, youth in
the STEM Interested profile reported a significant
increase in interest in technology/engineering and no
change in interest for the other three components.
Similarly, youth in the Math Disinterested profile
reported no significant changes in interest for any of the
four STEM components between ages 11/12 and 12/13.
Only youth in the STEM Disinterested profile indicated
significant declining interest in all four STEM
components. In other words, for 76% of 12/13-year-olds
who also took the survey as 11/12-year-olds, STEM
interest remained the same or increased over time.

Factors Associated with STEM Interest Pathways

In order to answer research question three regarding
specific factors associated with the maintenance of STEM
interest as well as the decline in STEM interest over time,
we investigated how four of the most significant interest-
related factors changed between ages 11/12 and 12/13
for youth in each STEM interest profile. Youth in the
STEM Interested and Math Disinterested profiles who
maintained at least a moderate interest in STEM over
time reported no changes in parental attitudes toward
science, science self-concept, participation in STEM
activities, or future science aspirations (Table 5).
However, youth in the STEM Disinterested profile who
reported a significant decline in STEM interest over time,
also exhibited significant decreases in a number of
associated factors including science self-concept,
parental attitudes toward science, and science
aspirations between sixth and seventh grade.
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Figure 2. STEM interest pathways for youth who participated at both 11/12 (sixth grade) and 12/13 (seventh grade) years
old by STEM Interest Profile. Interest scores ranged from 1 = “Not interested” to 5 = “Very interested.” Pathways with an
asterisk denote significant differences at the p<0.01 level.

Table 5. Comparison of changes in STEM interest-related factors by STEM Interest Profile between 11/12 (sixth grade) and
12/13-year-old (seventh grade) youth

STEM Interest Factors Melaln/12 yr OISE Miir/l 13 yr OlgE t-value p-value Cohen’s d
Science self-concept (negative)!
STEM Interested 2.67 0.17 2.60 0.18 0.38 0.706 0.07
Math Disinterested 2.96 0.14 3.11 0.16 0.93 0.356 0.15
STEM Disinterested 2.67 0.23 3.13 0.22 2.16 0.040 0.40
Parent science attitudel!
STEM Interested 3.70 0.24 3.45 0.19 0.97 0.341 0.20
Math Disinterested 2.97 0.19 2.94 0.16 0.15 0.883 0.02
STEM Disinterested 3.00 0.22 247 0.16 2.61 0.015 0.55
STEM activities?
STEM Interested 2.71 0.13 2.95 0.18 1.21 0.234 0.25
Math Disinterested 2.39 0.10 2.27 0.12 1.55 0.127 0.16
STEM Disinterested 2.10 0.16 2.06 0.14 0.34 0.738 0.05
Science aspirations?
STEM Interested 241 0.23 2.61 0.24 0.85 0.401 0.15
Math Disinterested 1.71 0.15 2.04 0.16 1.81 0.076 0.32
STEM Disinterested 2.05 0.27 1.50 0.17 2.05 0.052 0.50

Note: 1Items in index were coded on a five-point scale from 1="Disagree a lot” to 5="Agree a lot.” 2ltems were coded on a five-point
scale from 1="Hardly ever or never’ to 5=" Almost every day.’

Previous research comparing boys and girls has
reported significant gender differences with girls more
often losing interest in STEM than boys during
adolescence (e.g., Baram-Tsabari & Yarden, 2008;

Frenzel et al., 2010). As described above, we did not find
this pattern in the profiles where the majority of youth
(both boys and girls) maintained at least a moderate
interest in science, technology and engineering topics.
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However, when we examined interest changes for our
sample as a whole, we found gender differences in STEM
interest similar to those commonly reported in the
literature with boys showing greater interest in
technology/engineering at both time periods (t=2.04;
2.89, p=0.043; 0.004, d=0.36; 0.47) and girls becoming
more interested in life science at age 12/13 (+=2.89,
p=0.004, 4=0.47). In terms of interest pathways over the
two years, girls’ interest in life science and
technology/engineering remained the same while their
interest in earth/space science and math declined
significantly. In contrast, boys only lost interest in life
science (Table 4).

DISCUSSION

In this study of STEM interest development in youth,
we examined STEM Interest Profiles and associated
pathways between 11/12 and 12/13-year-olds in a low-
income urban community and explored factors that may
have influenced the pathways. Our findings that youth
on average lost interest in STEM over time would seem
to support the commonly told story about the leaky
STEM pipeline and the prevailing view that youth in
urban communities do not like science or STEM because
it is not relevant or interesting (Basu & Barton, 2007).
However, the cluster analysis in which we identified and
compared STEM interested youth with those who were
disinterested, indicated that this interpretation is
incomplete because it does not adequately address the
diversity in STEM interest within large groups of youth,
including low-income youth. By segmenting youth
based on their STEM interest profiles, we showed that
the pathways of youth in the STEM Interested and Math
Disinterested profiles did not exhibit the declining
interest pattern that was seen for the cohort as a whole
and that is commonly described in the literature. In fact,
only youth in the STEM Disinterested profile reported
the pattern of declining interest between ages 11/12 and
12/13. In other words, for three quarters of youth, STEM
interest remained the same or increased over time and
the decline in STEM interest observed for youth as a
whole was being driven by the significant declines in
STEM interest of the 24% of youth in the STEM
Disinterested profile.

These results suggest that declining STEM interest
during adolescence may not be as widespread as
commonly reported but may in part be an artefact of
methodologies that do not adequately account for
heterogeneity within sampled groups. Our findings
indicated that most youth remained at least moderately
interested in three STEM components and reinforced the
assertions of practitioners, including those who work in
urban, low-income communities, that many youth do
indeed develop a sustained interest in STEM (Basu &
Barton, 2007; Brickhouse et al., 2000).

Our findings also challenged the prevailing story
about gender and STEM. Although we found
stereotypical STEM interest differences when we
compared boys and girls (i.e., boys were more interested
in technology whereas girls were more interested in life
science), the cluster analysis revealed that while girls
were more likely than boys to be clustered in the Math
Disinterested profile, boys and girls were equally likely
to be found in the STEM Interested and STEM
Disinterested profile groups. In other words, by
segmenting youth on the basis of STEM interest rather
than gender, we found that there were as many STEM
interested (and disinterested) girls as boys, a finding that
was undetectable in the earlier comparison of STEM
interest by gender. Our findings are in line with others
who have reported that comparisons based on gender
tend to exaggerate differences between the sexes while
failing to recognize the diversity of interests within each
group (Brickhouse et al., 2000).

These results suggest that educational interventions
based on gender differences alone (except perhaps in the
case of math) may be less effective than those that target
the factors that appear to influence STEM interest
development, regardless of gender. For example, STEM
interested youth of both sexes were significantly more
likely to believe that their parents had positive attitudes
toward science and to participate in out-of-school STEM
activities than youth who were disinterested in STEM.
Therefore, it would seem that interventions that provide
greater access to such activities or engage families in
STEM may be more successful in supporting youth
interest over time.

Factors Affecting Persistence of STEM Interest

Since most youth remained at least moderately
interested in earth/space science, life science, and
technology/engineering over time while youth in the
STEM Interested profile actually reported an increase in
technology/engineering interest, we examined factors
that were associated with each profile to better
understand this phenomenon. While others have found
that school-related factors (e.g., classroom environment)
were the strongest influence on STEM interest
development and persistence (Myers & Fouts, 1992;
Osborne et al., 2003; Simpson & Oliver, 1990; Vedder-
Weiss & Fortus, 2011), our data told a different story in
which a variety of personal and environmental variables
outside of school were the strongest predictors of
persistent interest in STEM during adolescence. For
example, youth who maintained a high interest in STEM
between sixth and seventh grade also maintained
consistently higher levels of science enjoyment,
knowledge and relevance than disinterested youth.
These factors are important indicators of the
development of well-developed individual interests as
opposed to more transient situational interests,
suggesting that this group of youth will likely remain
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interested in STEM well into the future (Hidi &
Renninger, 2006; Renninger & Hidi, 2016). In addition,
these youth reported significantly more frequent
participation in out-of-school STEM activities and more
positive parental attitudes toward science over both
years of the study than youth who disliked STEM. These
findings reinforce those reported from studies of
attitudes toward science in which parental support and
attitudes to science (Breakwell & Beardsell, 1992;
Simpkins, Price, & Garcia, 2015; Simpson & Oliver, 1990)
and youth participation in extra-curricular science
activities (NRC, 2015) were strongly correlated with
more positive attitudes toward science.

Factors Affecting Declining STEM Interest

While we are beginning to understand the factors that
lead to the development and persistence of STEM
interest over time, little is known of the factors that
explain the widely reported decline in STEM interest for
many adolescent youth (Potvin & Hasni, 2014). In this
cohort, only youth in the STEM Disinterested profile
exhibited this pattern of declining interest over time.
Although others have attributed these declines to school-
related factors such as quality of instruction in STEM
courses (Myers & Fouts, 1992; Vedder-Weiss & Fortus,
2011), our findings indicated that decreases in STEM
interest were associated with declines in science self-
concept, science enjoyment, and perceived parental
attitudes toward science.

The relationship of declining science self-concept
with declining STEM interest was particularly
noteworthy because science self-concept did not differ
among youth in the three STEM interest profiles at age
12/13. However, only youth in the STEM Disinterested
group evidenced significant declines in science self-
concept between ages 11/12 and 12/13. Previous
research has indicated that perceived difficulty is an
important influence on interest and/or subject choice
(Havard, 1996; Krapp, 2007) so, the significant decline in
science self-concept reported by disinterested youth may
have been a contributing factor to their declining STEM
interest relative to their peers.

The importance of parents in the generation and
persistence of STEM attitudes or interest over time has
been shown previously (e.g., Harackiewicz et al., 2012;
Maltese et al., 2014; Thomas & Strunk, 2017), but our
study is the first to illuminate the role parents may have
in explaining declining STEM interest over time. That is,
youth who became disinterested in STEM between sixth
and seventh grade also reported significant declines in
their perceptions of their parents’ attitudes toward
science. These findings suggest the importance of
understanding the changing relationship between youth
and parents at this age because parental support and
encouragement in STEM have the potential to be an
important strategy for keeping more adolescents

10 / 14

interested and engaged with STEM during the middle
school years.

Future Aspirations

It is becoming increasingly clear that youth
persistence in STEM is significantly related to affective
and socioemotional factors such as identity, interest, and
motivation which are stronger predictors of future
engagement in STEM than achievement measured with
grades and standardized test scores (Fortus, 2014;
Maltese, Meilki, & Wiebke, 2014; Maltese & Tai, 2011;
Vedder-Weiss & Fortus, 2011). In particular, STEM
interest during adolescence is strongly related to college
major selection (Maltese & Tai, 2011), college degree
attainment (Maltese & Tai, 2010; Tai, Liu, Maltese, & Fan,
2006), and career choice (Stets, Brenner, Burke, & Serpe,
2017; Venville, Rennie, Hanbury, & Longnecker, 2013)
suggesting that STEM Interested youth should exhibit
more positive science aspirations than STEM
disinterested youth. While it was true that youth who
were interested in STEM also reported greater science
aspirations than those in other profiles, the survey
findings showed that on average they did not agree with
the statement “I expect to become a scientist someday.”
This disconnect between interest in science topics or
activities and future aspirations amongst low income
and minority youth has been documented by others (e.g.
DeWitt et al., 2011) and may have serious consequences
with respect to future school and career choices due to
the significant link between early aspirations and later
educational and career choices (Beal & Crockett, 2010;
Tai et al., 2006). However, since this result may have
been due in part to the wording of the question that may
have been interpreted differently by different youth, we
plan to revise the question in the future to better capture
youth aspirations in science.

CONCLUSIONS AND LIMITATIONS

While some of our findings reinforced the existing
understandings about STEM interest development
during adolescence, our story differs in significant ways
that help expand the narrative and inform the
development of effective strategies for better supporting
youth STEM interest. In particular, we question the use
of methodologies that examine large groups of youth as
homogeneous entities or that impose a priori grouping
categories (e.g., gender) that do not address the diversity
within these groups. We need to move beyond studies
that simply document associations with demographic
variables if we are to gain a more nuanced
understanding of STEM interest and how and why it
varies within and across communities of youth (Lee,
2008).

By segmenting youth based on interest, we were able
to examine the differences between youth who remained
interested in STEM or lost interest over time, regardless
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of gender or other arbitrary classifications. However,
because our sample sizes were small and our findings
potentially unique to the one metropolitan community
we sampled, we acknowledge that our results may not
be widely generalizable and that specific STEM interest
patterns may differ for other populations. Nevertheless,
we argue that our methods are generalizable and could
be used in other locations to examine STEM interest
profiles and pathways among large groups of youth, and
what factors may affect these patterns.

Like many similar studies over the years, a major goal
of the Synergies project is to develop research-based
strategies for supporting youth STEM interest in our
target community that could also potentially be used in
other communities. In highlighting the significance of
out-of-school factors, our study adds to the growing
body of evidence for undertaking an ecosystem
approach to STEM education in order to provide better
support for STEM learning by being responsive to
youths’ interest and experience, and better connecting
formal and informal STEM education experiences (NRC,
2015; Traphagen & Traill, 2014). In particular, our
findings support the development of out-of-school
programs that align with youth STEM interests and the
inclusion of parents as important allies in the STEM
learning ecosystem.
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APPENDIX
Table Al. Items comprising survey components and corresponding Cronbach’s alphas
Component Cronbach’s alpha
P (sixth/seventh grade)

Earth/space science interest (4 items)!

(What it is like on other planets and exploring space; How stars and planets form; Why clouds, rain, 742/.751
and weather happen; How earthquakes, volcanoes, and hurricanes happen)
Life science interest (3 items) !

(What to eat and how to exercise to keep healthy and fit; How traits are passed from parents to children; 704/ 583
How the human body works)
Technology/engineering interest (5 items) !

(How buildings and bridges are made; How to use maps or GPS to find a place; How to 768/.777
design new games or toys; How gas and diesel engines work; How computers or cell phones work)
Mathematics interest (4 items) !

(How to do Sudoku or other math problems; How to measure the size or area of things; How 737/ .740
to make different shapes and patterns out of stuff; How to solve puzzles)
Science enjoyment (6 items) 2

(I enjoy learning science; I am pretty good at science; I learn things quickly in science; I like .891/.894
science; I find science to be really interesting; Science is boring?)
Negative science self-concept (3 items) 2

(I find science difficult; Science is harder for me than for other kids my age; I am just not good 691/.748
at science)
Parental attitudes to science (2 items)2

(My parents are interested in science; My parents want me to be interested in science) 782/.783
Science relevance (5 items) 2

(Science will be useful in my future; I see how science relates to my life; Science is helpful in 797/ 789

understanding today’s world; My science teacher makes me interested; Science is useful in helping

solve problems)

Note: Items were coded on a five-point scale from 1="Dislike a lot” to 5=“Like a lot” in response to prompt “How much do you
like finding out about”; 2ltems were coded on a five-point scale from 1="Strongly disagree” to 5="Strongly agree”; 3ltem was
reverse coded for analysis. Items in italics were used to construct the STEM knowledge and STEM support indexes.
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