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Abstract

The current study explores patterns of informal science experiences among youth in urban and 

rural middle schools by gender and socioeconomic status. Data come from surveys in two 

Midwestern middle schools, one in a mid-sized city, and the other in a rural-remote town. We 

asked about participation in informal science activities (e.g. visiting zoos or museums, or watching 

shows about science) and if youth had participated in science-focused clubs in the last 12 months 

(e.g. after-school science clubs, 4-H, scouts). Rural youth reported lower rates of participation in 

after-school science clubs and a greater desire to participate in after-school science programming 

than urban youth. Latino/a youth tend to have fewer informal science experiences than non-

Latino/a youth, particularly in urban areas. There were few differences in informal science 

experiences between boys and girls, but in urban areas, girls report more science experiences than 

boys. Reported science experiences are overall higher in urban areas, yet youth with fewer 

resources (i.e. books in the home) have fewer informal science experiences overall. This study 

sheds new light on how socioeconomic status, gender, ethnicity, and geography interact with one 

another to shape youth science exposure and interest.
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INTRODUCTION

With the exception of biology and veterinary science, most science, technology, engineering, 

and mathematics (STEM) fields are still over-represented by men (National Science Board, 
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2018; National Science Foundation, 2017). There is an increasing recognition of the 

importance of diversity in STEM and calls for increased proficiency, innovation, diversity, 

and involvement in the STEM workforce (Holdren et al., 2010; Østergaard et al., 2011; 

Page, 2008). Longitudinal studies show that early adolescence is a critical time in which 

interest in and identification with STEM declines and when gaps in science identities for 

underrepresented groups begin to emerge (Beede et al., 2011; Blue and Gann, 2008; 

Osborne et al., 2003; Sorge, 2007; Tan et al., 2013; Xie et al., 2015).

Science outreach programs that focus on girls and members of other historically 

underrepresented groups (e.g. rural, first generation, low socioeconomic status (SES), racial/

ethnic minorities) hope to increase the number who will pursue science-related careers and 

thus diversify the biomedical and broader STEM workforce of the future. Little is known, 

however, about inequality in informal science access and participation for urban and rural 

youth at the intersection of SES. gender, and ethnicity. Few needs assessments have been 

conducted of school- or district-wide informal science opportunities that provide 

information across a range of underserved groups within and between schools. Such needs 

assessments could reveal gaps in science outreach efforts and also provide insights into how 

to better reach youth within their communities.

Understanding and increasing STEM proficiency, interest, identities, and inclusivity among 

adolescents has become a major goal of researchers, educators, policy makers and 

employers. Research studies and interventions have focused on formal education (e.g. Next 

Generation Science Standards) (Hayes et al., 2016; Lee et al., 2014; National Research 

Council, 2013) as well as on increasing the quantity and quality of informal learning 

opportunities (Barker et al., 2014; Fallik et al., 2013; Hirsch et al., 2010). In particular, 

increasing diversity has become a more prominent focus in helping to shape intervention 

efforts (Fallik et al., 2013; Jayaratne et al., 2003; Liben and Coyle, 2014). One early 

outcome of research on youth STEM persistence is that recognition that a strong science 

identity is an indicator of a greater likelihood that youth will persist in science through high 

school, college and beyond. (Hill et al., 2017; Stets et al., 2017). Potential for adolescents to 

engage with science activities during out-of-school times is an important element for 

developing and maintaining a science identity (After-school Alliance, 2013).

Lifetime experiences with science vary by geography, social space, relationships, and other 

dimensions of lives (After-school Alliance, 2016; Archer et al., 2015; Miyake, 2017). 

Although scientific information is ubiquitous in the United States, in both formal (e.g. 

schools) and informal settings (e.g. clubs, after-school programs, museums, libraries, zoos, 

sports, fiction, television, and nature) (Barker et al., 2014; Bathgate et al., 2014; Cech, 

2014), some groups are likely to have more science rich environments than others (DeWitt 

and Archer, 2017). Few studies have documented rates of participation in informal science 

among youth with different social locations (e.g. rural or urban, SES, girls and boys, 

Latino/a youth). It is an important first step to document how many and what kinds of 

informal science activities youth participate in, and to understand if and how access and 

participation is limited by social location.
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Science education outreach seeks to identify youth who could most benefit from access to 

more authentic science. As part of a larger Science Education Partnership Award (SEPA) 

project, we conducted surveys in an urban middle school to identify students with the least 

informal science participation. We also collaborated with a researcher focused on rural youth 

who replicated and extended the original study. The goal of the current study is to explore 

whether there are identifiable subgroups who could benefit by having greater opportunities 

to participate in informal science activities. We use survey data from one rural and one urban 

middle school in a Midwest state to help understand perceived differences in self-reported 

informal science experiences. Our goal is to illuminate gaps in rates of participation in 

informal science by locale (rural/urban), family resources (measured by youth self-report of 

the estimated number of books in the home), gender (girls/boys), and ethnicity (non-Latino/a 

and Latino/a).

Urban and Rural Informal Science Resources and Access.

The extent to which youth connect their daily experiences to science varies between rural 

and urban contexts (Avery, 2013; Basu and Barton, 2007; Buffington, 2016). Nearly 20% of 

children in public schools are enrolled in a rural district, (Buffington, 2016), and the number 

of children in rural areas is projected to grow more rapidly than those in urban areas 

(Johnson et al., 2014). Nationwide, half of school districts are rural and they tend to have 

lower funding per student than most urban areas (Buffington, 2016; Chingos and Blagg, 

2017; Johnson et al., 2014). The After School Alliance (2016) reports that youth in rural 

areas have less access to STEM role models and informal STEM learning resources such as 

science museums and zoos. Rural families often must travel considerable distances to access 

science resources that are available in urban communities. Urban researchers, however, may 

underestimate the capacity in rural areas to foster community connections and close links 

that can foster local science ecosystems (Avery, 2013; Dusenbery, 2010; Johnson et al., 

2014; Schaefer et al., 2016). Additionally, rural youth may have experiences with 

agriculture, animal husbandry, and access to nature that connect them to science and 

engineering in their daily lives in ways that youth with urban experiences may not. Despite 

the prevalence of more local science attractions in urban centers, youth in urban areas may 

nevertheless face greater barriers to accessing informal science participation than rural youth 

due to factors including a lack of critical infrastructure in some high poverty urban 

neighborhoods/schools and social isolation (Barton, 2001; Dusenbery, 2010; Posner and 

Vandell, 1994; Sanderson and Richards, 2010).

Socioeconomic Status, Gender and Ethnicity: Informal Science Resources and Access.

In addition to geographic location - rural versus urban – there is evidence that youth have 

unequal access to formal and informal science learning depending on socioeconomic status. 

Barriers for low income youth in urban settings may be similar to those in rural settings: 

inadequate transportation, lack of knowledge on availability of even low cost opportunities, 

and family time constraints due to heavy caretaker workloads and lack of affordable child 

care for younger siblings (Sanderson and Richards, 2010). Youth whose parents have a 

college degree, and particularly whose parents are themselves scientists, for example, have a 

distinct advantage over youth whose parents do not have similar knowledge or experience 

(Lareau, 2011; Weininger et al., 2015). Dabney et al. (2015) find that higher social class 
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families (i.e. parents with more education) add more advantages for their children by taking 

their children to informal science experiences and encouraging their children to be interested 

in science. Their study shows that higher parental education is associated with more 

exposure to science occupations, hobbies, and classes as early as elementary school. 

Therefore social class inequality perpetuates when those who have given more to their 

children, helping science-rich families to get even richer (DeWitt and Archer, 2017). Every 

community is different however, in proximity to resources, in levels of inequality, and in 

concentration of poverty. As such, it is important that more research is done to understand 

the unique needs of every school and every community and to take into account location, 

and isolation of hard to reach populations in rural and urban areas.

In the United States there is a gender conundrum in science: girls have higher science grades 

but are less likely to pursue degrees and careers in science (Buday et al., 2012; Else-Quest et 

al., 2013; Riegle-Crumb et al., 2006). Many factors may explain why girls may be less likely 

to persist in science including differences in science confidence, lack of female role models, 

or lack of parental or peer support, all which may impact whether girls see themselves as 

science people or not (Archer et al., 2013; Correll, 2004; Gauthier et al., 2017; Hill et al., 

2017; Riegle-Crumb et al., 2006). Additionally, Lareau (2011) found that there were marked 

differences between boys and girls with respect to the types of after-school activities that 

they participated in, although the study did not focus on science-specific activities or on 

differences in geographic location. Across each of the different socioeconomic levels 

studied, she found a similar gendered pattern of extracurricular activity participation for 

boys and girls. Unfortunately, little research has been done on how gender norms and 

expectations differ in rural verses urban locations and how these might impact science career 

aspirations. There are indications, however, that girls in rural settings may have some 

educational advantages over boys, and that they may be more likely to enter non-traditional 

careers based on gender compared to their urban counterparts (Meece et al., 2014).

In addition to SES, gender, and geographic location, ethnic minority status is also associated 

with STEM participation. For example, although Latino/as make up approximately 16% of 

the U.S. workforce overall, they make up only 7% of the STEM workforce (Graf et al., 

2018). Latino/a college students choose STEM majors at the same rate as other groups, but 

they are much less likely to graduate with a degree in a STEM field (Litow, 2008; Moller et 

al., 2015). Latinos are the second largest racial/ethnic group in the U.S. behind whites 

(Flores, 2017) and currently comprise 25% of Americans under age 18 (U.S. Census Bureau, 

2017), making them an important group for recruitment into STEM degrees and careers 

(Landivar, 2013). Latinos are also the fastest growing population in rural America (Lichter, 

2012; Stepler and Lopez, 2016) and their rates of high school graduation are increasing so 

more Latino/ayouth have the opportunity to attend college than ever before (Ruetter, 2017).

Unfortunately, rural Latino/a youth have less access to advanced courses in K-12 schools 

and there are fewer after school programs in rural areas where many Latino/as live 

(Buffington, 2016; Leanard, 2016) which would potentially serve to get youth excited about 

STEM outside of the class-room (After-school Alliance, 2014, 2016). In a study using two 

national datasets, researchers looked at youth activity participation defined broadly (not 

science specific). They found that family income was the strongest predictor of overall 

Hill et al. Page 4

J STEM Outreach. Author manuscript; available in PMC 2020 January 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



activity participation, and Black and Latino/a youth were just as likely to participate in out 

of school time activities as whites but participated with less intensity/frequency (Bouffard et 

al., 2006). In a recent review, Fredericks and Simpkins (2012) find that Latino/a youth 

participation in after-school activities in particular is lower overall than whites and depends 

more on socioeconomic status (SES). Simpkins et al. (2011), however, found in a previous 

study that country of origin and composition of friendship networks were more important 

predictors of participation than SES was among different Latino/a groups. Finally, although 

Latino/a have lower math and science achievement than whites, they have similar attitudes 

including how much they like math and science, how important they think math and science 

are, and how well they think they will do in math and science in the future (Else-Quest et al., 

2013).

PURPOSE

The purpose of this study is explore and describe similarities and differences in science 

exposure in a rural and an urban middle school by level of family resources, gender, and, 

because of the composition of the sample, by Latino/a ethnic status. The current study 

focuses on self-reports of informal science activities among middle school youth in two 

schools (one urban and one rural). We compare youth on informal science exposure by SES, 

gender, and ethnicity within the urban and rural schools. Our comparative approach assumes 

that if there are patterns of difference (e.g. urban/rural, boys/girls) then there are artificial 

structural (e.g. transportation, existence of the activity in the area), or social psychological 

(e.g. considered a “boy” or a “girl” activity), or socio-cultural (including discrimination) 

barriers to participation. We can thus see where there is equity (no differences between 

groups) and disparity (some groups have more participation than others) and thus can help 

identify unmet need for informal science outreach. We recognize that the schools we use do 

not represent all urban or rural schools. As a first step in examining how rural and urban 

communities may differ in informal science access and participation, we demonstrate a way 

to identify areas of focus or possible avenues of further study.

METHODS

Participants.

We surveyed two middle schools in the same U.S. state-one in an urban Midwestern city and 

the other in a rural/remote town using the NCES classification (Flora, 2018; Provasnik et al., 

2007). The urban middle school had a total of 686 students enrolled during the school year 

the survey was administered, while the rural school had 892 students enrolled. The urban 

middle school has Title I designation, which is an indication of higher poverty (74% of the 

students receive free or reduced lunch). The urban school also has a 21st Century 

Community Learning Center (CLC) that had science related after-school programming 

available every semester during the year the survey was administered. Federally funded, 

CLCs provide informal academic enrichment activities for students who attend schools with 

high-poverty enrollment through a variety of means and academic topic areas (Hammer and 

White, 2015). Multiple informal science learning institutions are located nearby the urban 

school, including a zoo and natural history museum. The rural middle school is not Title I 
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eligible (i.e. not high enough proportion of students in poverty; 45% of youth who attend 

qualify for free or reduced lunch) and does not have a 21st Century Community Learning 

Center. Half of the elementary schools in this rural remote town, however, do qualify as Title 

I and have Community Learning Centers where after-school science programming is 

incorporated. Besides 4-H, scouts, and an annual science fair, there are few formal after-

school programs for middle-level students in the rural locale and no identified informal 

science institutions within a 100-mile radius.

PROCEDURE.

This study uses data from web surveys conducted in an urban and a rural school. Data 

collection from the urban school was funded through an NIH Science Education Partnership 

Award (No. 1R25OD010506) and was part of a longitudinal study conducted in four waves 

over two consecutive school years at a middle school in a mid-sized Midwestern city. The 

current study reports data from Wave III administered in 2016. Data collection from the rural 

school was funded through an internal award at the researchers’ institution. We administered 

a similar survey to the only middle school in a rural-remote town of approximately 20,000 

residents in 2017. In both schools, students completed the surveys on computers in the 

students’ science classrooms during a dedicated science class period. IRB approval was 

obtained with a waiver of signed parental consent (parents could opt their students out if 

they chose) and student assent was obtained prior to survey administration. A total of 419 

urban and 619 rural students had complete data for the variables included in the analysis.

Measures.

Race/Ethnic status (measuring vulnerability to racial inequality) was measured by the 

question: “What is your Race/Ethnicity? You can mark more than one answer.” Due to small 

numbers of youth in some groups we focused on comparisons of groups that make up 10% 

or more of the population in both schools. In the case of these two schools we focus on 

differences between Latino/a and non-Latino/a youth in both rural and urban schools. These 

categories simplify the analyses but also potentially make it more difficult to find differences 

because some of the youth in the non-Latino/a group could have more disadvantages than 

white youth (e.g. Black youth are in the non-Latino/a group).

Grade level was measured by the question “What grade are you currently in?” and gender by 

“Are you a boy or a girl?” – the latter used to verify data from the school data already 

included in the online survey. To measure socioeconomic status youth were asked, “How 

many books do you have at home?” with “less than 10 books,” “10–99 books,” and “100 or 

more books” as the response categories.

To measure informal science exposure youth were asked a series of questions about specific 

activities, including how often they visit public libraries, watch shows about science or 

nature, visit science museums, and visit zoos (1=Never, 2=Once in a while, 3=Sometimes, 

4=Often). Students were also asked if, in the last 12 months, they had attended a science 

after-school club, participated in other science activities (e.g. science fairs, summer camps), 

4-H, and Boy Scouts or Girl Scouts (scouts). For those youth who attended either 4-H or 

scouts, they were also asked if any of their activities in those programs were science related. 
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Finally, youth were asked how much they would like to join a new after school science club 

(1=Not at all interested, 2=Somewhat Interested, 3=Interested, 4=Very Interested).

ANALYSIS

We first looked at similarities and differences in informal science participation between the 

urban and rural middle school samples. We used SPSS version 22 and analyzed data using 

independent samples t-test and chi-square analyses. We then looked at differences by 

socioeconomic status, gender, and ethnicity using a combination of chi-square tests for 

proportions, and ANOVA to compare means for the multiple categories of books in the 

home by frequency of science activities on the 4-point ordinal scales.1 We use these two 

schools as case studies as examples of how to identify subgroups with potentially unmet 

need for informal science exposure. Although we conduct significance testing between rural 

and urban schools and within rural and urban schools by socioeconomic status, gender, and 

ethnicity, we caution directly generalizing these two case studies to other urban and rural 

school districts. We use significance tests as a heuristic indicator of larger and potentially 

more meaningful differences, but because we do not have random assignment or random 

samples, we do not meet the assumption of the significance tests. We discuss the 

possibilities of conducting similar studies in other communities to identify subgroups with 

unmet need for informal science experiences in the limitation section.

RESULTS

Table 1 provides descriptive statistics separately for the urban and rural school. Because of 

the very different social and historical contexts in each of these middle school populations, 

we see some large differences in ethnic/minority variation between schools. Specifically 

(categories are not mutually exclusive), in the urban school 24% reported Latino/a, 25% 

reported Black or African American, 13% reported Native American or American Indian, 

5% reported Asian, and 12% Other (this includes Native Hawaiian/Pacific Islanders). In the 

rural school 14% were Latino/a, 5% reported Black or African American, 4% reported 

Native American or American Indian heritage, 2% reported Asian and 11% Other (this 

includes Native Hawaiian/Pacific Islanders). Therefore, unlike some national studies in 

which more rural youth are Latino/a, for this study more of the urban youth are Latino/a. 

Both schools are almost half each girls and boys. More youth in the urban school had fewer 

than 10 books (14%) and more youth in the rural school had more than 100 books (35%) 

indicating a higher poverty rate at the urban school. The higher rate of poverty in the urban 

school is consistent with the school qualifying as a Title I-A recipient.

Rates of self-reported participation in the informal science activities were similar for youth 

in the urban and rural schools with one exception. Twenty-one percent of youth in the urban 

school had said they had participated in an after-school science club in the last year, and 

only 4% of rural youth reported this (p<.001). Additionally, the mean desire to join a new 

1Because using ANOVA to assess means on a 4-point ordinal scale violates the assumptions of ANOVA, we also conducted the 
Kruskal-Wallis H non-parametric significance test. This analysis had the same patterns of significance between groups as the ANOVA. 
Therefore, we chose to report the results of the ANOVA in order to show the mean differences instead of the median differences 
assessed in the non-parametric test.
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after-school science club was slightly higher in the rural school (2.2) than the urban school 

(1.9); this was the largest difference for the measures with four response options. We were 

surprised, however, that frequency of visiting a zoo (2.4/2.5 or between “once in a while” 

and “sometimes”) and visiting a science museum (1.7 or slightly less than “once in a while”) 

were similar for urban and rural youth given differences in distance from a zoo science 

museum for youth in the rural community.

In Table 2 we divide the sample between urban and rural schools and we assess difference in 

informal science experiences for youth with different family resources. We find that overall, 

youth who report fewer than ten books in the home report less frequent visits to public 

libraries, less frequency of watching nature shows, and fewer visits to science museums, and 

that these patterns by socioeconomic status and level of engagement were similar across 

both schools. We did not find a difference in frequency of visiting zoos in urban areas by the 

number of books in the home, however we did find that youth reporting fewer books in the 

home in rural areas reported visiting zoos less frequently.

In the urban, but not the rural, school we found that the youth with fewer books were less 

likely to report engaging in after school science or other science activities in the last year. 

Students with the most resources in the urban areas reported greater participation. In the 

rural areas, however, even the youth with the most resources reported lower rates of 

participation than most groups in the urban school. We did not find significant difference by 

socioeconomic status in 4-H participation or in science related content in either location. 

Very few youth with fewer than ten books in the home reported participating in scouts. 

Youth who reported a greater number of books in their home were much more likely to 

report that scouting activities were related to science than youth with fewer books. Finally, 

in both urban and rural schools, youth who reported fewer books in their home were less 

likely to indicate interest in joining a new after-school science club.

In Table 3, we divide the samples into rural and urban schools by gender to explore patterns 

in participation between boys and girls. Overall, girls were more likely than boys to visit a 

library, and this was more evident in girls from rural schools. In rural schools only, boys 

were more likely to report watching shows related to science or nature, while girls were 

more likely to report visiting a zoo. In the rural schools, girls were also slightly more likely 

to participate in 4-H, although 4-H content was similar for boys and girls in both urban and 

rural samples. Finally, rural girls had the highest desire to join an after-school science club 

(2.3) followed by rural boys (2.1), urban girls (2.0) and urban boys (1.8). Girls in urban 

schools were more likely than boys to report participating in other science related activities, 

and they were more likely to report participating in scouts. Reports of science content in 

rural or urban samples did not differ between boys and girls.

In Table 4, we divide the sample between rural and urban schools and we assess difference 

in informal science experiences by Latino/a status. Overall, there are few significant 

differences between non-Latino/a youth and Latino/a youth. Fewer Latino/a than non-

Latino/a reported visiting a science museum at the rural school (1.5 vs. 1.7, p<.10), but there 

were no differences between groups within the urban school (both 1.7). In the urban school, 

fewer Latino/a than non-Latino/a youth report participating in ‘other science activities’ in 
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the last year (15% vs. 8%, p<.05). In the rural school “other science activities” do not differ 

by ethnicity. Additionally, in the urban but not the rural school Latino/a and non-Latino/a 

students reported different levels of participation in scouts as well as different levels of 

science content in their scouts group. In the urban school, 14% of non-Latino/a youth and 

only 5% of non-Latino/a youth reported participating in scouts in the last year. Among those 

who participated in scouts, non-Latino/a students reported more science content than 

Latino/a scouts. We cannot know if the difference is due to recognizing science content as 

such or if Latino/a and non-Latino/a youth were in different scouts groups. Other studies 

have also shown that scouts participation for Latino/a youth is lower than for non-Latino/a 

youth (Bouffard et al., 2006).

STUDY LIMITATIONS

With a sample of just one urban and one rural school, we cannot generalize our results to all 

urban and rural communities. Each community and school offers unique opportunities and 

barriers with respect to out-of-school science programming, venues, and resources. Our 

findings, however, are a first step in identifying possible patterns that may exemplify 

differences between youth in rural and urban locations and access to informal science 

experiences.

All the data were from student self-reports about their experiences and therefore depend 

upon youth ability to recognize what is “science” and what is not. Additionally, the 

questions asked youth to remember their activities over a year’s time. Future studies could 

use verifiable data such as participation records or triangulate information from multiple 

sources to enhance accuracy. Such an approach could also provide more detailed 

information about the types and quality of informal activities, level of participation, and 

other salient factors about youth access and engagement.

DISCUSSION AND IMPLICATIONS FOR FUTURE RESEARCH

Science education outreach seeks to identify youth who could most benefit from access to 

more science. We conducted surveys in an urban and a rural middle school to identify 

students with the least informal science participation. The goal was to identify subgroups of 

youth least served by existing informal science activities and thus most likely to benefit from 

informal science outreach activities.

The patterns of reported informal science experiences were similar for many of the informal 

science activities in the urban and rural school. In both the rural and urban schools, informal 

science opportunities are positively linked to higher levels of family resources, as measured 

youth reported number of books in the home. Echoing other researchers’ findings (DeWitt 

and Archer, 2017; Fredricks and Simpkins, 2012), youth in our sample with the fewest 

books in their homes have significantly less participation in informal science. Future studies 

can help illuminate what kinds of informal science opportunities are accessed by low-

income youth, and how to make those opportunities more abundant, appealing and available.

Rural and urban settings differed primarily in the specific types of informal opportunities 

that students participated in. Overall, there was less participation in informal science 
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activities among rural compared to urban youth. Urban students, for example, participate 

significantly more than rural students in after-school science; in contrast rural youth 

expressed a greater desire to join after-school science clubs. The urban school students in 

our survey benefited by the availability of after-school programs provided through the 21st 

Century Community Learning Centers and other community partnerships. While rural youth 

expressed significantly more interest in wanting to join an after-school science club, but they 

do not have after-school programming in the local middle school, and rural communities 

lack the resources to provide quality after-school content after-school (Hirsch et al., 2010; 

Holstead and King, 2011). On the other hand, science outreach experts and researchers in 

formal and informal education may not always recognize assets in rural communities (Avery, 

2013; Brown and Schafft, 2011). These results offer a clear action item for informal science 

educators – to focus on the development and implementation of quality, sustainable, after-

school science learning opportunities for rural youth.

Despite our observed differences in participation in certain types of informal science 

activities between rural and urban youth, it can be argued that access to internet resources, 

television, and other science-oriented clubs and camps ameliorate any disadvantages in 

science learning opportunities. Furthermore, rural youth may have more opportunities than 

urban youth to interact with agriculture, animal husbandry, and natural settings that provide 

exposure to scientific activities and technology in contexts not available to urban youth. The 

extent to which they view these activities as science related is unknown. It is important to 

recognize that youth vary in discovery orientations or propensities to observe patterns or to 

recognize science in their experiences, and that they may lack a diversity of science role 

models for understanding career options. Our understanding of the extent to which youth 

connect their rural and urban experiences to science learning or understanding, and the best 

practices for guiding them in making these connections, is an important direction for 

additional research.

Latino/a youth from our rural, but not urban, locales reported fewer visits to museums or 

science centers than non-Latino/a youth. This suggests that underrepresented minority youth 

in rural settings may experience additional challenges regarding access to informal science 

learning opportunities. Despite this difference, however, urban (but not rural) Latino/a youth 

were less likely to report participating in other science activities than non-Latino/a youth. 

We are hesitant to draw too many conclusions from these data as we only focused on a 

single rural and urban middle school, each with a relatively low proportion of Latino/a 

students (<25%). Nonetheless, these preliminary data demonstrate a need for more rigorous 

assessment of differences among underrepresented minorities from rural and urban locales.

Our study provides an assessment of rural and urban youth participation in informal science 

learning opportunities. Most youth, for example, are curious, enjoy exploring, and thus have 

high levels of what Hill et al. (2018) call “discovery orientation.” Yet only some youth 

translate high discovery orientation into high science identities. The factors that influence 

the trajectory from discovery orientation to high science identity and finally to science career 

aspirations is only beginning to be understood. Understanding how gender, socioeconomic 

status, ethnicity, and informal science participation intersect with one another can strengthen 

science outreach efforts to be more effective at encouraging all youth to engage with science. 
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SEPA projects are particularly well positioned to provide science knowledge and skills to 

youth with the fewest resources in their homes. The informal science activities and resources 

that many SEPA projects provide can help improve the science learning opportunities 

available to youth from low financial resource families.

The questions raised in this study require future research to answer the long term 

implications of differences in science exposure and engagement for science identity, science 

persistence, and understanding of the process of science. Further study is needed to clarify 

how new initiatives reinforce science identities, interests, and career aspirations. How, for 

example, do youth’s perceptions of what is science and what is not influence the 

effectiveness of science out-reach programs? How important is it for youth to know how 

science is relevant to their daily lives? What are the differential impacts of science outreach 

programs on youth based on geography, ethnicity, and financial stability? In particular, how 

can science outreach efforts mostly effectively impact girls and youth of color? Future 

studies can begin to establish a framework for how out-of-school science engagement can 

have the greatest impact on furthering the participation of all youth in science.
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