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STEM Interest as an Indicator of Elementary and Middle School Aged 

Youth’s Decision to Participate in Out-of-School Informal STEM Education  

 

Abstract 

 

Youth typically decide whether to pursue science, technology, engineering, and mathematics 

(STEM) careers as early as middle school, suggesting that nurturing STEM interest in 

elementary and middle (primary) school is a key factor in attracting youth to engineering. Goals 

of racial equity and attracting youth into engineering have birthed the proliferation of many 

informal STEM education (ISE) programs (e.g., out-of-school programs, summer camps, etc.). 

Though research suggests that ISE increases participants’ STEM interest, it is unclear whether 

ISE is successful in sparking STEM interest in previously uninterested youth. This gap exists 

partly because little is known about the initial STEM interest of ISE participants. 

Using a survey research design, we addressed this gap by studying initial STEM interest among 

336 primary school youth from the mountain west region of the United States: 44 of whom 

participated in the Partnerships for Informal Science Education in the Community (PISEC) 

program, and 292 who did not. The research questions guiding this study were: 

 RQ1. To what extent do youth who did or did not participate in the PISEC program 

differ in their initial STEM interest? 

 RQ2. Controlling for STEM identity, performance, recognition and future-self, to what 

degree is initial STEM interest predictive of youths’ decision to participate in the PISEC 

program? 

This research contributes to pre-college engineering education scholarship by deepening our 

understanding of youth who participate in ISE and illuminating ways to better attract those 

uninterested in STEM. By providing insight into the baseline interest of ISE participants, our 

research furthers the field’s understanding of the long-term outcomes of ISE. 

We used a STEM Identity survey containing Interest, Performance, Recognition, and Future-Self 

constructs. For RQ1, we conducted a two-tailed independent samples t-test. We found a 

moderately large difference in STEM interest between ISE participants and non- participants in 

this study (t(131.805) = -8.764, p < .001, d = .63). Using logistic regression for RQ2, we found 

that youth with high initial STEM interest are around 5 times more likely to choose to participate 

in PISEC than youth with lower STEM interest (ORInterest = 5.235).   

 

These findings provide initial evidence that youth attracted to ISE have high initial STEM 

interest. Understanding this allows ISE stakeholders to develop strategies to both attract youth 

who are uninterested in STEM and support those who already have interest. In this way, our 

study begins to elucidate a STEM identity profile for youth who currently elect to participate in 



this program and how recruiting strategies could be tailored in ways that strengthen ISE’s ability 

to broaden participation in STEM. Moreover, reaching students with higher STEM interest is 

beneficial because it can prevent their exclusion from STEM. Attracting these youth to ISE can 

foster positive STEM identity formation among them. We report the details of the study, 

methods, analyses and findings. We then discuss implications of these findings for pre-college 

Introduction 

The number of jobs in the US requiring training in science and engineering is on the rise, yet the 

number of students receiving training in these fields is declining at an alarming rate [1], [2]. It 

has been long believed that too few undergraduates are recruited and retained in STEM programs 

to meet the nations need. It was historically thought that the first two years of college are the 

most critical to the retention and recruitment of STEM majors [3]. However, in recent years, a 

consensus among scholars has emerged that efforts to recruit and retain students into STEM 

fields should begin as early as primary (e.g. elementary or middle) school. In fact, prior work has 

found that students tend to decide whether or not to pursue STEM careers by middle school [4]. 

This means that it is important to initiate STEM interest among youth during their primary 

grades.  

One promising vehicle for initiating STEM interest among youth is informal STEM education 

(ISE). Informal STEM education is STEM education that occurs in informal learning 

environments. In STEM education research literature, informal learning environments are 

defined as any STEM learning environment that exists outside of a traditional classroom [5], [6]. 

In their 2009 policy report, National Academy of Sciences (NAS) Committee on Learning 

Science in Informal Environments Bell et al. [5] delineated three types of informal learning 

environments relevant to K12 learners: everyday environments, designed environments, and out-

of-school environments. Table 1 describes some examples and key characteristics of each of 

these environments. 

 

 

 

 

 

 

 

 



 

Table 1. NAS categories for informal learning environments. 

Venue Examples Important Characteristics 

Everyday 

Environments 

Family 

discussion, 

hobbies, 

technology use 

Interaction coordinated by the learner; learning varies 

across and within cultures; learning and assessment 

are not easily distinguished.  

Designed 

Environments 

Museums, zoos, 

science centers, 

libraries 

Artifacts, media, and signage guide the learner’s 

experience; learner’s interaction with the environment 

is often determined by the individual; learner 

engagement is short-term and sporadic in the setting; 

learning tends to take place in peer, family, or mentor 

interactions.  

Out-of-

School 

Environments 

After-School 

Programs, STEM 

Summer camps, 

science center 

programs. 

Often consists of a designed curriculum; focus may be 

on content knowledge or solving applied problems; 

learning typically guided and/or monitored by a 

trained facilitator; assessment sometime used but are 

not used to judge individual’s performance or learning 

by an institutional standard. 

Bell et al. [5] delineated six learning outcomes that result from participation in informal 

science environments. Two that they argued had less overlap with learning outcomes of 

formal schooling and thus were particularly relevant to informal environments were:  the 

ability of participants to experience excitement, interest, and motivation to learn about the 

physical world; and the ability of participants to develop an identity as someone who knows 

about, uses, and can contribute to science. In the years since the release of this report, a 

substantial body of research has emerged providing evidence that participation in informal 

STEM education is positively associated with the decision of youth to persist in STEM and 

pursue STEM careers [4], [7], [8]. Researchers have further found that early exposure to 

STEM through informal STEM education has a positive effect on STEM identity formation 

among participants [9], [10], [11]. Much of this work on STEM identity formation, for 

example Dou et al. [9] also finds that STEM interest is a key component of STEM identity 

formation. This suggests that STEM interest and STEM identity are interrelated. 

The literature clearly lays out the positive impact that informal STEM education has on 

STEM interest and STEM identity formation among youth. What is less clear from the 

literature is whether or not ISE is successful is successful in attracting previously 

uninterested youth.  In other words, are ISE programs initiating interest in STEM, nurturing 

an already strong interest in STEM, or both?  If ISE researchers and stakeholders hope to use 

these programs to help attract and train the future STEM workforce and broaden participation  



in STEM, it is vital that work to attract youth who are previously uninterested in STEM.  One 

cause of this gap in literature is the fact that little is known about the initial STEM interest of ISE 

participants.  In order to address this gap, we have performed a study in which we investigated 

the baseline STEM interest of primary-aged participants who participated in an out-of-school 

ISE program called PISEC and compared them with a control group of primary-aged youth who 

did not participate in the program.  The research questions guiding our study were:  

 RQ1. To what extent do youth who did or did not participate in the PISEC program 

differ in their initial STEM interest? 

 RQ2. Controlling for STEM identity, performance, recognition and future-self, to what 

degree is initial STEM interest predictive of youths’ decision to participate in the PISEC 

program? 

This work contributes to scholarship on pre-college engineering education by providing a clearer 

understanding of interest level of youth who are currently participating to ISE giving us insight 

into who we are attracting and how we might attract youth with varied levels of STEM interest.  

By developing this understanding of baseline STEM interest, our work sets the stage for 

understanding of long-term impact of ISE on STEM interest. 

Theoretical Framework 

This study is grounded in two theoretical constructs: STEM interest and STEM identity. STEM 

interest can be thought of as someone’s desire to continually engage with STEM activities and 

topics.  STEM identity refers to a person’s recognition, by self and others, as a STEM person 

[12]. In this way we might view STEM interest a key contributor in initiating positive STEM 

identity formation. We begin this section by discussing our framing of interest.  We then discuss 

our framing of STEM identity including the key dimensions of our framework.  This section 

concludes with a discussion of the relationship between STEM identity and STEM interest. 

Interest 

Following the work of Maltese et al (2014), we frame interest using Hidi and Renninger’s four-

phase model of interest development [14].  According to the four-phase model of interest 

development, phase 1 is Triggered Situational Interest; phase 2 is Maintained Situational 

Interest; phase 3 is Emerging Individual Interest; and phase 4 is Well-Developed Individual 

Interest.  Since this paper is concerned primarily with baseline interest of individuals 

participating in an ISE program, we will focus the rest of our discussion on phase 1 of the four-

phase model of interest.  According to the theory, phase 1 is a psychological state of interest 

resulting from short-term changes in affective and cognitive processing.  In this model the 

Triggered Situational Phase has the following four defining characteristics [14]: 

1. it can be sparked by environment features such as personal relevance; 

2. triggered situational interest is typically externally motivated; 



3. learning environments that include group work, puzzles, or computers tend to 

trigger situational interest; and  

4. triggered situational interest may be a precursor to reengaging in specific content 

(such as STEM content) over time as one advances through the other phases of 

interest. 

Hidi and Renninger’s four-phase model of interest is appropriate for the current study because as 

mentioned above we are interested in understanding the relationship between initial STEM 

interest and ISE participation with the aim of understanding the long-term impact of ISE on the 

development of participants’ STEM interest. Though this current study represents a cross-section 

at the phase 1 of Hidi and Renninger’s model, this phase represents an important phase for 

introducing youth to STEM helping them begin to see themselves as people who can do STEM.  

Moreover, the first phase of interest may be the point in which youth begin to form a positive 

STEM identity. 

STEM Identity 

There are multiple ways in which STEM identity is operationalized in informal STEM education 

research literature, with no consensus on one way to frame identity formation in STEM. For 

instance, Dou et. al. [9] frame STEM identity in terms of STEM interest and STEM recognition. 

Hughes et. al. (2013) who operationalize STEM identity as a construct containing of three 

dimensions:  interest in STEM; self-concept as it relates to STEM subjects; and role models’ 

impacts on students’ perceptions of STEM professionals. For this work we operationalized 

STEM identity using Hazari et. al.’s (2010) physics identity framework.  In our adaptation of 

Hazari et al.’s (2010) framework, STEM identity is made up of four dimensions:   

1. Recognition:  recognition by others as being good at STEM;  

2. Interest:  Desire/curiosity to think about and understand STEM;  

3. Performance:  belief in ability to perform required STEM tasks; and 

4. Competence:  belief in ability to understand STEM content.  

For the remainder of this paper, when the term STEM identity is used, this is the definition we 

are using.  Further, when the terms interest (or STEM interest) are used throughout the remainder 

of this paper, it is defined as stated in (2) above.  STEM identity has been found to be an 

important factor in persistence of students toward STEM degrees [17].  There is an extensive 

body of literature on the topic of identity formation in informal STEM education [18], [19], [20], 

[21]. 

Dou et. al. (2019) studied the link between childhood Informal STEM learning experiences are 

predictive of STEM identity in college.  They found that after controlling for home environment, 

gender, and other demographic factors, talking with friends and family about science, and 

consuming popular science media had significant effects on STEM identity among college 

students.  Similarly, Riedinger and McGinnis (2017) found that students in a youth camp were 

authored identities as learners of science through learning conversations and performance.  These 

findings suggest that that the life-wide nature of informal STEM learning, proposed by the 

National Academy of Sciences [5] contributes to STEM identity formation. 



Summary  

To summarize, this study uses Hidi and Renninger’s four-phase model of interest and Hazari et 

al.’s physics identity framework as a lens to understand STEM interest within an informal STEM 

setting.  While we utilized all four tenets of Hazari et al.’s physics identity work as we 

operationalized the theoretical framework for our study, we conceived of interest using phase 1 

of the four-phase interest model. This was done because for this study we were primarily 

concerned with initial interest, however we used this framework because the current research is 

part of a larger study that will study the development of STEM interest and STEM identity over 

time.  According to the four-phase theory of interest development, we can reasonably expect that 

youth who continually reengage in PISEC programming over time will progress through all four 

phases of interest development. 

 

We operationalized STEM identity using a generalized, modified, shortened version of Hazari et. 

al.’s (2010) physics identity instrument. Our instrument is called the Primary STEM identity 

instrument and contains 5 constructs: Interest, Recognition, Performance/Competence, Future 

Selves, and Sense of Belonging in PISEC (this construct is not reported in this study because it 

did not apply to our control group). By using this instrument, we were able to assess students 

baseline STEM interest, STEM identity, and sense of belonging in the program in one brief 

instrument. 

Literature Review 

 

Informal STEM Education and STEM Interest 

Informal STEM education has been demonstrated to have multiple positive impacts on youth. 

Informal STEM education is known to increase students’ interest in pursuing STEM careers.  In 

studying the intersections between family education, informal science experiences, and initial 

interest in science Dabney et. al. (2016) found that parental education level was predictive of 

early interest in science.  Further, they found that the following forms of informs of science 

education were associated with early interest in science by elementary school:  diversions, 

hobbies, and parental encouragement.  Kong et. al. [24] found that participation in summer 

camps is positively associated with career interest in STEM fields. Bicer and Lee (2023) found 

that a two-week long STEM summer camp significantly increased participants’ interest in 

pursuing math and science majors and careers and concluded that the camp has potential to 

increase students’ interest in certain STEM fields. In addition to the work cited here, other 

scholars have reported on the link between informal STEM participation and increased STEM 

interest [25], [26], [27], [28]. 

Informal STEM Education, STEM Identity, and Broadening Participation in STEM 

Given that the vast majority of the participants in PISEC are Hispanic/Latino youth, we now 

focus our literature review to research regarding ISE’s impact on STEM identity formation for 

racially minoritized groups.  King and Pringle [11] found that participation of Black girls in a 

community based informal STEM program reported developing interest in STEM learning. 

Young et al. (2019) used the High School Longitudinal Study (HSLS09/12) to examine the 

influence of informal STEM activities on math identity constructs for African American 



students.  They found that Informal STEM participation showed a positive effect on students’ 

math identity. Carlone et. al. (2015) performed an ethnographic study of minority youth 

participating in an ecology enrichment program for diverse youth.  The study found, among other 

things, that various cultural norms, tools, and practices enabled the youth’s identity development. 

This work is important because is illustrates the potential for ISE to truly broaden participation in 

STEM by attracting and preparing racially marginalized youth, while allowing them the space to 

form STEM identities. Henderson et al. [10] argued that there are three key mechanisms for 

engineering identity formation among Black boys: (1) practicing STEM (engaging in STEM-

related activities); (2) exposure to STEM role models, and; (3) access to STEM mentors.  

Though research interleaving race and STEM identity in informal environments in relatively 

new, there has long been scholarship on STEM identity for racially minoritized groups [19], 

[30], [31], [32], [33], [34]. This prior work is vital in that it provides a framework for the 

elements necessary for positive identity formation for racial minorities as PISEC works to design 

programming that fosters positive STEM identity formation. 

Methods 

Program Context 

Partnerships for Informal Science Education in the Community (PISEC) is a program run by the 

University of Colorado Boulder that connects university volunteers (undergraduate students, 

graduate students, and postdocs) with local K-12 students around hands-on, inquiry-based STEM 

activities. PISEC partners with schools and community organizations to run afterschool clubs for 

youth in grades 3-8, for which university volunteers travel to the partner site (i.e., school or 

community center) for one hour per week for 10 weeks each semester. PISEC works primarily 

with marginalized youth and aims to create opportunities for transformative and empowering 

experiences with science, facilitating pathways into STEM, and thereby helping to diversify 

STEM disciplines. Specific program goals include cultivating and maintaining youth interest in 

STEM and supporting youth development of a STEM identity and sense of belonging in STEM.  

The PISEC afterschool program blends play and science learning and provides ample 

opportunities for youth participants to exercise agency over their scientific learning. Each 

semester, a given site runs one curriculum, which consists of a suite of 25-35 hands-on activities 

all centered around a physics topic (mechanics, electricity and magnetism, optics, 

thermodynamics, or astronomy). Youth participants work in groups with one PISEC mentor and 

each week they decide which experiments to do, how to do them, and in many cases, they design 

their own experiments. Throughout the semester, students document their experiments in a 

science notebook and also through ‘vlog-style’ video recordings, or live action or stop action 

motion movies. The semester then culminates with a field trip to PISEC. PISEC also hires 

experienced volunteers as Site Leaders; each site is led by a different site leader.  

Data in this study come from two semesters of the PISEC afterschool program at four sites. Site 

A is K-8 school that enrolled 21 unique students (grades 3-6) in PISEC across the two semesters. 

The student body at Site A is 83.4% Hispanic/Latino, 12.5% white, and 80% economically 

disadvantaged. Site B is a middle school that enrolled 26 unique students (grades 6-8) in PISEC 

across the two semesters. The student body at Site B is 52.5% Hispanic/Latino, 40.5% white, and 



53% economically disadvantaged. Site C is a middle school that only ran PISEC in the second 

semester; they enrolled 10 students (grade 7). The student body at Site C is 63.9% 

Hispanic/Latino, 31.2% white, and 76% economically disadvantaged. Due to current school 

district policies, we are unable to collect demographic information from students and families. 

We report the demographics of the schools and are confident that the participants in our dataset 

are representative of these. At Sites A, B, and C, participation in the PISEC program is entirely 

voluntary – students and families have the opportunity to sign up for afterschool programs each 

semester and PISEC is one of the options. Site D is a community organization that provides 

mentorship and robust programming for cohorts of students from first grade through post-

secondary. PISEC ran an afterschool program both semesters with one cohort of 26 students 

(grades 3-4). The student population at Site D is 91% persons of color (84% are 

Latino/Latina/Latinx) and 100% from under-resourced communities; 78% of students in the 

organization are or go on to be first-generation college students. At Site D, students and their 

families have opted into the overall programming of the organization, which takes place every 

day after school. As part of that, they participate in the PISEC program once a week.  

 

Data Collection 

We collected survey data from PISEC participants at all four sites, as well as students from the 

same grades at Sites A and B who did not participate in PISEC. All PISEC participants took the 

survey during the first and last program sessions each semester. Before beginning any activities, 

a PISEC Site Leader administered hard copy surveys asking students to spend ~5 minutes 

sharing their thoughts about STEM. The survey was available in English and Spanish, and 

students were told they could complete it in whichever language they preferred. At each site, we 

had English- and Spanish-speaking PISEC volunteers who could help students read and respond 

to the survey items if needed. Parental consent forms for the research study were sent home with 

students; those who returned the form and whose parent/guardian opted to participate in the 

research study are included in our dataset. Across the four sites and two semesters, 44 students 

opted into the study and are included in the dataset analyzed here.  

 

In order to collect data from the control group (i.e., students at the same schools in the same 

grades who were not participating in PISEC), we partnered with teachers who administered the 

survey in their classes and/or asked their colleagues to do so. In instances where PISEC 

participants were in the classes where the survey was given, the teachers removed them from the 

control dataset. For the control group, the pre-survey was given in the fall semester around the 

same time as the pre-survey in the PISEC program and the post-survey was given at the end of 

the spring semester. At Site A we received survey responses from 115 students in grades 4-6 and 

at Site B we received responses from 177 students in grades 6-8 (essentially the entire school as 

the science teachers for each grade administered the survey).  

 

Data Analysis 

Data analysis was performed using SPSS version 29.0.1. The variables used in this study, along 

with the coding scheme for each variable, is shown in Table 2.   

 

 



Table 2:  Coding Scheme for the Variables Used in this Study. 

Variable Description 

PISEC DV: 1=yes students participated in the PISEC program, 0= did not 

participate in the PISEC program  
STEMID 1=no; 2=not sure; 3=yes. This is a one self-reported item about the 

respondent’s perceived sense of STEM identity.   
Interest 1=no; 2=not sure; 3=yes.  

This is a three item self-report construct about the respondent’s STEM 

interest. 

   

Recognition 1=no; 2=not sure; 3=yes.  

This is a two item self-report construct about the respondent’s sense that 

authority figures see him or her as a STEM person. 

   

Performance 1=no; 2=not sure; 3=yes.  

This is a three item self-report construct about the respondent’s self-reported 

sense of self-efficacy toward STEM subjects.   

  

Future Self 1=no; 2=not sure; 3=yes.  

This is a two item self-report construct about the respondent’s self-reported 

desire to pursue a STEM career. 

  

STEMID Score Total score on STEMID Primary Survey (Average of all responses). 

 

Since our first research question was concerned with a comparison between two independent 

groups, we used an independent samples t-test to answer it. For our second research question, the 

dependent variable (PISEC) has a dichotomous outcome, so we used logistic regression for our 

research question [35].  Logistic regression has the four major assumptions.  First, the DV is a 

dichotomous variable.  This is ensured by the selection of our DV.  The second assumption is a 

linear relationship between the logit of the outcome and each continuous predictor. We used the 

Box-Tidwell test to check this assumption for the continuous variables [35], [36] and found all to 

be linear in the logit.  The third assumption is that there are no extreme values or outliers.  We 

used residual diagnostics to test this assumption [36] and found no extreme outliers.  Finally, we 

assume that there is no multicollinearity among the predictors.  We used linear regression to 

assess this [35] and below we discuss the results of our check of multicollinearity and how this 

impacted our final model. 

Results 

We conducted a study to investigate the extent to which STEM interest was predictive of 

decision to participate in the PISEC program among students attending schools in the rural 

mountain west region of the United States.  Recall that two research questions guiding this study 

were: 

 RQ1. To what extent do youth who did or did not participate in the PISEC program 

differ in their initial STEM interest? 



 RQ2. Controlling for STEM identity, performance, recognition and future-self, to what 

degree is initial STEM interest predictive of youths’ decision to participate in the PISEC 

program? 

We first produced frequency distributions for all our variables, also testing for normality. In 

order to test for normality, we overlaid a normal curve on each histogram, and we also included 

calculations of the skewness and kurtosis in the descriptive statistics of each variable for the 

study participants who did and did not participate in PISEC.  The skewness and kurtosis for each 

variable are in Table 3 for non-PISEC participants and Table 3 for PISEC participants. 

 

Table 3:  Skewness and Kurtosis for the non-PISEC participants. 

Predictor n Skewness Kurtosis 

STEMID 292 -.190 -1.160 

Interest 292 -.842 -.522 

Recognition 292 -.037 -.300 

Performance 292 -.810 -.052 

Future Self 292 -.219 -.856 

STEMID_Score 292 -.668 -.454 

 

 

Table 4:  Skewness and Kurtosis for the PISEC participants. 

Predictor n Skewness Kurtosis 

STEMID 44 -1.628 1.649 

Interest 44 -3.306 10.741 

Recognition 44 -.750 .202 

Performance 44 -1.293 .426 

Future Self 44 -1.017 .306 

STEMID_Score 44 -2.439 7.983 

According to the results shown in Table 3, our data for the non-PISEC participants is normally 

distributed (meaning that the skewness and kurtosis are both between -2.0 and 2.0).  Table 4, 

however, suggests that the PISEC participants’ data has a skewness and kurtosis that are outside 

of acceptable ranges for both the Interest construct and the total STEMID_Score.  This is our 

first evidence that PISEC participants may skew toward higher levels of initial interest in STEM. 

Next, we conducted t-tests for each independent variable to investigate differences between 

PISEC participants and non-PISEC participants. The t-tests results for the six variables are 

shown in the table below.  The results in Table 5 suggest that all 6 variables showed statistically 

significant differences between students who participated in PISEC and students who did 

not.  The results are in Table 5, and the results for our primary variable of concern (Interest) will 

be discussed further in the discussion section below.  

 

 



Table 5:  Independent Samples t-Tests for All Independent Variables 

Predictor t df p-value 

STEMID -4.624 334 <.001 

Interest -8.764 131.805 (Unequal Variances) <.001 

Recognition -3.747 334 <.001 

Performance -6.705 86.517 (Unequal Variances) <.001 

Future Self -3.927 334 <.001 

STEMID_Score -7.690 78.643 (Unequal Variances) <.001 

We conducted a two-tailed independent samples t-test to determine whether there were 

significant differences in self-reported STEM interest between PISEC participants and non-

PISEC participants.  Using Levene’s test for equality of variances we determined that the 

variance in STEM interest between PISEC and non-PISEC participants was not equal 

(F=57.077, p<.001).  Under this assumption, we found a medium to large statistically significant 

difference in STEM interest between primary PISEC participants (M = 2.9, SD = .282), and 

primary non-PISEC participants (M = 2.4, SD = .665), t(131.805) = -8.764, p < .001, d = 

.63.  We conclude that there is sufficient evidence to support the notion that there are differences 

in STEM interest between students who participate in PISEC and students who are not.  

Table 6 and Table 7 contain descriptive statistics for the non-PISEC participant group and the 

PISEC participant group, respectively, for each of the six predictors.  It includes sample size (n), 

mean (M) and standard deviation from the mean (SD) for each predictor. 

Table 6:  Descriptive Statistics for the non-PISEC participants. 

Predictor n M SD 

STEMID 292 2.120 .742 

Interest 292 2.404 .665 

Recognition 292 1.979 .534 

Performance 292 2.397 .550 

Future Self 292 2.068 .633 

STEMID_Score 292 2.268 .506 

 

 

Table 7:  Descriptive Statistics for the non-PISEC participants. 

Predictor n M SD 

STEMID 44 2.660 .608 

Interest 44 2.909 .282 

Recognition 44 2.307 .583 

Performance 44 2.788 .322 

Future Self 44 2.466 .575 

STEMID_Score 44 2.708 .325 

 

We used two methods to investigate the degree of multicollinearity for our predictor variables. 

We calculated the correlations between each predictor variable as shown in Table 8 and we 



performed ordinary least squares regression in order to calculation the variance inflation factors 

(VIFs) of each predictor (Table 9). 

 

Table 8:  Correlation Table for the Six Predictor Variables 

Variable n M SD 1 2 3 4 5 6   

1.   STEMID 336 2.190 .748 -             

2.   Interest 336 2.470 .651 .640** -           

3.   Recognition 336 2.022 .551 .472** .411** -         

4.   Performance 336 2.448 .541 .544** .664** .454** -       

5.   Future Self 336 2.121 .639 .527** .613** .423** .515** -     

6.   STEMID_Score 336 2.325 .508 .762** .909** .589** .800** .785** -   

**. Correlation is significant at the .01 level (2-tailed). 

Table 9:  VIF for each Predictor 

Variable VIF 

STEMID 3.622 

Interest 15.912 

Recognition 2.319 

Performance 5.537 

Future Self 6.261 

STEMID_Score 66.836 

Tests of the assumption of collinearity indicated that there was evidence of multicollinearity 

between STEMID_Score and Interest.  The Pearson correlations between STEMID_Score and 

Interest is well above the “rule of thumb” value of .80 (r(334) = .909, p = .01) and the VIF of 

STEMID_Score is well above 4 (VIF = 66.836).  Because of this multicollinearity, the fact that 

STEMID_Score was an included information about all predictors already in the model, and the 

fact that Interest was our predictor variable of concern, we decided to take STEMID_Score out 

of the model, after which we saw no evidence of multicollinearity.  

Table 10:  Final Model Results. PISEC is the outcome variable (1=yes; 0=no) 

Predictor b SE(b) Wald OR CI95% for OR p-value 

Lower Upper   

STEMID .290 .338 .739 1.337 .690 2.591 .390 

Recognition .320 .392 .668 1.378 .639 2.970 .414 

Performance .932 .594 2.464 2.540 .793 8.135 .116 

Future Self .137 .372 .135 1.147 .553 2.378 .713 

Interest 1.683 .736 5.235 5.382 1.273 22.751 .022 

Constant -10.691 2.110 25.670 .000       
         



Table 10 above shows the results of our final model. In order to assess the fit quality of our 

model, we used two goodness of fit (GoF) tests:  likelihood ratio test [36] and the Hosmer & 

Lemeshow goodness of fit test [37]. For the likelihood ratio test the statistical hypotheses are: 

H0:  bi = 0, i = 1, 2, 3, 4, and 5 

HA:  At least one bi not equal to 0 

According to our analyses of the model results:  D0 = 260.866; DM = 218.993, so G2 = D0 – DM = 

40.873.  Based on this result, we conclude that the model containing the six predictors fits the 

data better than the null model (G2 = 40.873, df = 5, p < .001). 

For the Hosmer and Lemeshow test the statistical hypotheses are: 

H0:  My model adequately fits the data. 

HA:  No, it does not. 

From the results our model:  X2 = 2.947, df = 8, p = .938. This result indicates that our model 

containing the five predictors adequately fits the data (X2 = 3.093, df = 8, p = .928). 

In order to assess the amount of variance explained in our model, we used the likelihood ratio R2
L 

for the model (R2
L = 1 – (DM/D0)). R2

L is useful here because it treats DM like SSResidual and D0 like 

SSTotal from OLS regression [38]. In this way R2
L is similar in nature to R2

OLS, and because of the 

way it is constructed, it can be interpreted as the proportion deviance accounted for. Using the D0 

and DM values from above gives R2
L = 1 – (218.993/260.866), so R2

L = .161.  

Our model fits the data adequately based on the two GoF tests we used.  If we were to assess the 

model by the R2
L metric, we could reach a similar conclusion.  This is because our results indicate 

that a model with only 5 predictors for an outcome that is as nuanced as the decision to 

participate in an informal STEM education program behavior explains roughly 16% of the 

deviance in our model.  We believe that this provides evidence that interest plays a significant 

role in determining whether or not a person will choose to participate in ISE. 

The results shown in Table 10 above suggest that of the affective indicators examined in this 

study, Interest is most critical in predicting whether or not a youth will choose to participate in 

the PISEC program.  Given the strong collinearity between interest and our total STEMID_score 

(see above), this result makes sense, even after removing STEMID_score from our model. 

We can see from Table 10 that ORInterest = 5.382, which indicates that a youth who initially has 

high STEM interest has 5 times the odds of choosing to participate in the PISEC program 

compared to a youth who initially has lower STEM interest.  This implies that there is a STEM 

interest bias among the students recruited into PISEC. Understanding this finding lays the 

groundwork for PISEC and other informal STEM program stakeholders to better understand 

ways to attract those who are not initially interested in STEM into their programs so they can 

serve as a conduits for change in STEM within local communities. 



Another striking feature that can be seen in Table 10 is that the confidence interval for interest is 

quite large (CIInterest = 21.478). For this study, a wide confidence interval indicates that there is a 

greater amount of uncertainty about the impact of STEM interest on the decision to participate 

PISEC.  This is reasonable because the model only contains 5 variables on an outcome that could 

be impacted by many other factors.  While this study’s results are consistent with prior literature, 

and are promising, a more detailed model is needed to more fully understand the factors 

associated with the decision to participate in ISE, and to better understand the impact interest has 

on this decision.  This study was an initial step in understanding this important topic, and the 

authors are currently working to refine their study in order to improve the scholarly community’s 

understanding of the types of students currently attracted to informal STEM education programs. 

One last feature that we found interesting about the results of our study is that STEMID, 

Recognition, and Future Self are roughly independent of the decision to participate in PISEC 

(ORSTEMID = 1.337, ORRecognition = 1.378, ORFuture_Self = 1.147). This may suggest that some of the factors 

that constitute STEM identity are not necessarily present when a youth begins participating in an 

informal STEM education; and that those traits form as a result of their participation. It could be 

that STEM interest, while being a component of STEM identity, is also a primary initiator of 

STEM identity formation, with the other factors being developed as one becomes more deeply 

engaged in STEM. Further study is necessary to explore this idea further, however this work 

provides initial evidence that ISE performs a key role in shaping the ability of youth to see 

themselves as scientists and engineers.  This further establishes the importance of attracting 

youth with lower STEM interest into ISE programming, particularly youth from low income and 

racially marginalized backgrounds. 

Discussion and Conclusions 

Regarding RQ1, our study found that primary-aged youth who chose to participate in PISEC had 

significantly higher initial STEM interest than similarly-aged youth in our control group. This 

suggests that PISEC is attracting youth who are have initial STEM interest. This finding is 

important for parents, youth and PISEC stakeholders.  

The program’s model provides STEM interested youth with three key elements necessary for 

STEM identity formation [10], [39]: 

1. opportunities to engage in hands-on STEM experiences via PISEC activities; 

2. access to STEM mentors; and  

3. early STEM exposure via PISEC participation. 

It stands to reason that these programmatic elements keep youth who have high interest in STEM 

from falling through the cracks. Given that many PISEC’s partner schools primarily consist of 

underrepresented racially diverse youth, this ISE program can serve as a platform for fostering 

equity in STEM. Further study is needed to understand how the program can best position itself 

to broaden participation in STEM. 

The first tenet of phase I of the four-phase model of interest posits that in the Triggered Situation 

Interest Phase, interest can be initiated by environmental factors such as personal relevance [14]. 

This tenet is quite useful in understanding our findings from RQ1. Youth initially become 



interested in participating in ISE programs, such as PISEC, because they see it as having 

personal relevance. This personal relevance starts with initial STEM interest, which is coupled 

with other factors such as: interest in doing STEM activities; having something to do after 

school; parental influence; opportunities to hang out with friends and peers. Our RQ1 finding 

suggests that initial STEM interest can motivate ISE participation. Our framework posits that 

once interest in program participation is triggered, having the programmatic elements allows ISE 

programs to play the important role of giving youth a platform that allows them to continually re-

engage in STEM content, which as they advance through the other three phases of interest, can 

help them form a positive STEM identity. 

In our investigation of RQ2, after controlling for participants’ self-reported sense of STEM 

identity, performance, recognition, and future-self, our study found a statistically significant 

relationship between primary-aged youth’s initial STEM interest and their decision to participate 

in the PISEC program. Primary-aged youth with high levels initial STEM interest were around 5 

times more likely to choose to participate in the program than similarly-aged youth with low 

initial STEM interest.  

It is important to note our hypothesized relationship between initial STEM interest and STEM 

identity formation. There is consensus among researchers that STEM identity is formed over 

time [40], [41]. This result has two important implications. Viewing our finding through the lens 

of our framework suggests that while initial interest may motivate youth participation in ISE, 

ISE programs must work to keep them engaged in order to allow their progression through all 

four phases of interest.  

We know from prior research that ISE participation positively impacts STEM interest and STEM 

identity formation [9], [42]. This means that ISE programs are currently engaging in work that 

transforms their participants’ initial STEM interest into fully formed interest and ultimately, 

positive STEM identity formation. What is less understood is the process that takes youth from 

initial interest to having positive STEM identity formation. Further research is needed to 

understand the longitudinal impacts that ISE has on youth. The findings presented here are part 

of a larger study designed to examine the longitudinal impacts of ISE university-community 

partnerships on youth’s STEM identity formation. 

As is true of any research, this study has several limitations. First, this study’s sample was 

derived from a multisite investigation of one program and its partner schools. While the findings 

represent an addition of new fundamental knowledge to pre-college engineering education and 

ISE scholarship, further study is needed across multiple contexts. IRB restrictions prevented us 

from considering demographics in our study. This means that important factors such as race and 

socioeconomic status were absent from our analysis. We intend to include such demographics in 

our future work. 

The strong relationship between initial STEM interest and PISEC participation suggests that ISE 

programs may be primarily attracting youth who are already interested in STEM. While further 

study is needed, this may suggest a need by ISE stakeholders to look at ways they can attract 



youth with low initial STEM interest as this could enhance their ability to increase and broaden 

participation in STEM. 
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